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INTRODUCTION
The Egyptian Society of Nuclear Sciences and Applications - ESNSA
was established in 1967 as a non-governmental organization. The
primary purpose of ESNSA is to provide a medium whereby those
engaged

in the multidisciplines of nuclear sciences may easily

communicate and through this process advance and promote nuclear
sciences on the national and international levels. This includes relevant
aspects of such branches of knowledge and achievements, operational
experience, and state of art.

ESNSA at

present has more than six hundred members and

targets for double that number in the near future. The society organizes
a general national conference every four years. The sixth conference is
the first to have an international participation from Argentine, Russia,
Canada, Italy, Poland, Slovakia, Syria, Jordan, and Qatar.

The conference scientific programme included

one General

Lecture, 17 Keynote Lectures, 114 proffered papers, and 4 technical
presentations.

The

programme addressed issues related to the scientific

promotion

of

nuclear

sciences and their peaceful applications,

developmental national programmes, environmental aspects, human
health hazards, radiation protection and nuclear safety, and issues
related to public concerns.

Participants at the conference were provided with the conference
Agenda, and Book of Abstracts. The present documentaries are the
Proceedings

of

the Sixth Conference of Nuclear Sciences and

Applications issued in four volumes.

Volume-I contains:
• Introduction
© The Conference Board
• Tribute of Recognition
• Inaugural Addresses
• Honoured Senior Scientists
• Prize Awards Juniour Scientists
• Conference Report
• Conference Recommendations
• Telegram to President Mobarak
• Telegram from President Mobarak
• General Lecture
• Keynote Lectures
• Author Index

Volume-II contains proferred papers on:
• Physics
• Nuclear Engineering.

V o l u m e - I l l contains proferred papers on:
•
•
•
•

Chemistry
Radioactive Waste Management
Nuclear Fuel
Nuclear Materials.

Volume-IV contains proferred papers on:
•
•
•
•
•

Radiation and Environment
Radiation Protection
Nuclear Safety
Agriculture
Medicine.

The conference board on behalf of ESNSA expresses deep gratitude
and appreciation to the Egyptian Atomic Energy Authority for the
intimate cooperation in the organization of this conference. True
obligations and thanks are due to all International and National bodies
that have sponsored this conference by providing financial support that
was vital to sustain the conference undertakings.
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The people behind the two years term of the building process of the sixth
conference of nuclear sciences and applications, and In the preparation and
execution of its activities were members of the ESNSA Board, the Scientific
Secretariat, and an ancillary group who offered sincere candid support.
To all these people who have devoted time and resolute effort to accomplish
the success that was achieved, thoughts that breathe words in tribute of recognition
are warranted and deserved.
THE ORGANIZING COMMITTEE (members of ESNSA board)
*

Ibrahim Yassln Moustafa^ Professor of Radiobiology, the rational mind, silver hair,
and smart dress, patient, with tender warm heart.

*

Abdel-Fattah M. Wakld, Professor of Entemology, the soft voice, precise and
committed, a gentle shade of character.

* Mohammad Ahmad Gomma, Professor of Radiation Physics, the copious fountain
of ideas, fastest writer, hyperactive, a high energy neutron difficult to thermalize.
*

Abdel Allah A. Abdel Moniem, Professor of Geochemistry, the granite rock,
consolidating ideas, clarifying issues, expressive in commentary.

* Farid H. Abou El-Nour, Professor of Nuclear Chemistry, the short man with a sincere
smile, who deals with finances with the art and precision of a chemist.
* Rifat M.K. El-Shinawy, Professor of Environmental Radioactivity, the tallest of the
short, master of organization, active in processing, with a joke at hand, always
ready to oblige.
*

Sami A. El-Bayoumi, Professor of Radiochemistry, the guardian of the group,
smiles little, methodical with uniform constancy.

* !Pr§hiM.Mr_Amer. Professor of Agriculture, the sturdy palm tree, always present with
impressive readiness to h§lp and oblige.
THE SCIENTIFIC SECRETARIAT
*

Naciwa F. Zahran, Professor of Physics, the serene tranquil lady, keeping the
scientific inventory in perfect order with meticulous precision.

*

Shpukry M. Saadr Professor of Physics, the bald eagle head, intelligent and
systematic with ecumenic observance.

*

Sirag M. Morsyl Professor of Material Science, the connoisseur of prudence and
objectiveness.

*

Dr

*

- Yoursi K. Afifi. Material Scientist, the classic genotype of the enduring young
scientist, bearing the load with smiling perseverance.

Dr. Imbabi I. Mahmoud. Electronic Engineer, the thin tall man with expressive virtue
to gratify.
THE ANCILLARY GROUP
Sami El-Alfv. Professor of Analytical Chemistry, the volitional helper in
time of need, who always did what others cannot do. With deep sorrow and grieve,
Prof. EI-AIfy died on Wednesday 22 May 1996 after a tenacious struggle with
multiple severe injuries incurred in a car accident. Known to the very many, only
the very few understood the real element and character of the Late Prof. EI-AIfy, we
all pay a tribute of recognition and an obituary in memory of our friend and
colleague, May Allah bless him with Mercy.
Or. Samia A. Sl-Gebielv, Physicist, the outstanding example of efficiency in silence.
Mr. Abdel'Fattah El-Bahouty and MRS. Nadia A. Hussein, the efficient obliging
gentle double behind the computer paper work, accomodating the pressing
demands of all with kindness of soul and a heart of gold.
MRS.. Nusaybah M.Said. MR. Mohammad Abd Albari, MR. Mahmoud M. Fahmv. and
MR. Murad La bib: who offered their genuine support in all they were asked to do .
To all others who were involved in the process and activities of this
conference, a tribute of recognition is also acknowledged.
Behind this consortium of elites, two men maintained the consistent coherent
harmony of the whole group, and sustained the drive and rhythm of the
conference process.
Abdel'Fattah I. Helal. Professor of Physics, conference general executive secretary,
the meticulous rigorous organizer, fastidious and hard working, responsible and
instrumental to the progression of all achievements.
H/s/Ta/7? Fquacf/\/y. Professor of Nuclear Chemistry, chairman of ESNSA board, and
president of the conference; the regent of collective contribution, sagacious and
tactful, objectively critical, panacea of human relations. The loud laughter, the
embracing arms, and the satirical comments mixed with the aroma of burning
tobacco from cigar or pipe always in pursuit of quality in performace.
Among these paragons of human characters there was my humble self, the
eldest in years, learning and trying hard to find a place in this marathon of
excellence.
Anas M. El-Naggar
Professor of Medical Radiation Biology
Conference Spokesman
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FOUR DECADES OF
ATOMIC ENERGY R & D ACTIVITIES IN EGYPT
PROF. HISHAMF.ALY
CHAIRMAN, AEA CAIRO, EGYPT

1-

HISTORICAL BACKGROUND
The atomic energy activities began

Energy Commission" in 1955.

in Egypt with the establishment of "The Atomic

its mandate was: "to enable the country to use the atomic

energy in peaceful applications: scientific, medical, industrial, agricultural, and others, and to
cope with world progress in these fields".

• Several scientific departments were subsequently established covering the areas of:
*

Mathematics & Theoretical Physics.

*

Experimental & Nuclear Physics.

*

Nuclear Chemistry.

*

Geology and Nuclear Ores.

*

Radioisotope Applications.

*

Radiation Protection and Civil Defense.

*

Engineering & Scientific Equipment.

*

Reactors.
At the same time building an infrastructure and staff qualification ran in parallel. This

involved

manpower training and education at leading world universities and nuclear research

institutes.

25

2-

DEVELOPMENT
The early activities of the AEA included some autonomous projects related to nuclear

power and nuclear materials. These projects in time developed into National authorities in the
nuclear fields namely The nuclear power plants authority (1976) and the nuclear materials
authority (1977). Moreover, more autonomous centres were established within the AEA.

3-

LANDMARKS
The following represent some landmarks in the course of development of the AEA.

Establishment of the Egyptian Atomic Energy Commission
• Commissioning the Van De Graaf Accelerator

1955

• Commissioning the First Research Reactor (ET-RR-1)

1959

• Commissioning of the Radioisotope Production Laboratory

1962

• Establishment

of the National Centre for Radiation

Research and

1972

Technology
• Establishment of the Hot Laboratories and Waste Management Centre

1980

• Establishment of the National Centre for Nuclear Safety and Radiation

1982

Control
• Commissioning of the Fuel Semi-Pilot Laboratory

1991

• Re-qualification of the Isotope Production Laboratory

1992

• Commissioning of the National Network for Radiation Monitoring

1992

• Commissioning of the low - active Solid waste incinerator

1993

• Commissioning of the low

and Intermediate liquid waste facility

&

1994

Cementaion plant

4-

ORGANIZATIONAL STRUCTURE
This is shown in Fig. 1

5-

MAIN ACTIVITIES
The main research activities in the AEA can be classified into the following:
•

Research & Technology.

•

Radiation Protection and Nuclear Safety.

•

Interaction with Community & Technology Transfer.

•

Regional & International Cooperation.

5.1

RESEARCH & TECHNOLOGY
This is carried out in three main directions: Basic research, radioisotopes & radiation

research and application, and fuel cycle research and technology.

5.1.1

Basic Research :
This covers in general the fields of

experimental physics,
cyclotron accelerator is

:

Math. & computer sciences, theoretical &

chemistry, and cyclotron accelerator research & applications. The
an advanced 20 MEV accelerator, now under construction , and is

intended to be utilized for physics and materials R & D as well as for the production of short
lived isotopes.

The total investment of this project is about L E . 60 million and the project is

jointly funded

by the Egyptian AEA and the IAEA.

The accelerator is expected to be

commissioned in 1997.

5.1.2

Radioisotopes & Radiation Research And Applications .
This covers the areas of medicine, agriculture, industry,

hydrology, radiation

technology and desert development using nuclear techniques. The last activity involves an
ongoing project where nuclear techniques are applied in areas including for example :
© Selection of improved plant varieties suited to desert conditions of drought, salinity and Poor
Soil using Radiation - Induced Mutations and Biotechnology.
• Water management in irrigation of desert soil.
• Insect sterile technique for eradication of some harmful insects
• Molecular biology approach to pest control
• Development of buildings to suit desert conditions (solar passive buildings)

5.1. 3

Fuel Cycle Research and Technology:
This involves R & D activities in the front-end, reactors, and back end of the fuel cycle.

Front end the fuel cycle activities covers the chemical & metallurgical aspects of the nuclear
fuel and cladding materials, reactor structural materials and chemical engineering aspects
related to nuclear fuel and heavy water. A small heavy water R & D unit, (20 kg/y) is expected
to be commissioned late 1996.
The AEA acquires at present one operating research reactor (ETRR-1) which was
commissioned in 1961. This A 2 MW, 1013 Neutrons/cm2/s reactor used main by for research
and for isotope production. The 2nd research reactor is at present under construction and is
expected to be commissioned at the end of 1997. The new reactor has a power of 22 MWT
and a flux of

1014 Neutrons/cm2/s and its main uses

materials testing research reactor physics research

27

and

include radioisotope production,
reactor & thermal engineering

research. The reactor will also serve as a training school to qualify staff on reactor operation
and maintenance.

Research in

the back end of the fuel cycle includes radwaste management (liquid &

solid), chemistry & technology of extraction of radioactive elements, environmental evaluation
of radwaste handling, production of radiation sources, and decontamination and storage of
radwaste.

5.2

RADIATION PROTECTION AND NUCLEAR SAFETY
R & D as well as services in this field covers:

licensing, radiation survey of

environment, nuclear accountability & safeguards quality control (QC) & quality assurance (QA)
services in this respect. It also includes the National Network for Radiation monitoring which is
comprised of about 67 stations covering the whole area of Egypt and detecting gamma and
beta radiation as well as water pollution.

5-3

INTERACTION WITH COMMUNITY AND TECHNOLOGY TRANSFER:
This covers two main areas, namely; isotopes applications and technical consultations

& training.

5-3-1

Isotopes Application :
This includes medical diagnosis and treatment, .Industry, Agriculture, mineral wealth

and hydrology, food preservation, and radiation monitoring of imports.

5-3-2
-

Technical Consultations and Training: This covers the areas of:
Radiation protection

.

Desalination

-

„ .,
Boilers and pressure vessels

-

Matenals testing

-

Corrosion

-

^ ,
Environmental Safety

Electronics
Welding and failure analysis
Quality assurance
Transport & Treatment of radwaste
Accelerators
Radioisotope Applications

„ _ . . . . .
Radiological
response

and

*. .
Nuclear

... *
accident

Some of these training programmes are held bilaterally with regional and international
organizations and foreign countries.
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5-4

REGIONAL AND INTERNATIONAL COOPERATION
The AEA is a founding member of the International Atomic Energy Agency (IAEA).

The authority

has bilateral agreements with many countries in the fields of information

exchange, training, technology transfer experts exchange and supply of technical equipment.
Egypt ranks almost top of the list in terms of the technical assistance funded by the IAEA for
research projects.

(About 20 Million Dollars in the past 15 years). The AEA has close

cooperation programmes with many countries and organizations both on the regional and
International level. This includes at present: The AFRA programme - India, the IAEA - Italy Russia and the Use IAEA the Arab Atomic Energy Agency, Argentina, Canada, Germany,

6-

RESEARCH AND COMMUNITY SERVICE FACILITIES
The AEA several unique science and technology facilities which are efficiently used by

the national universities and research institutes as well as candidate establishments in the
society including, Industry, health, agriculture, environment, oil and others. These facilities
include:
• The ET-RR-1 research reactor (2 mw) which is used for radioisotope production as well as
reactor and neutron physics and reactor engineering research.
• The mega gamma irradiation facility (500,000 curie) capable of sterilizing medical and
agricultural products as well as industrial irradiation research and applications.
• The solid (low active) and liquid (low and medium active) waste treatment facilities .
• Production of various radioisotopes
• Import control of imported radioactive isotopes and radiation sources
• The safe transport of radioactive materials and radiation sources
• The National Network for Radiation Monitoring,
• The Van De Graaf accelerator.
• The fracture mechanics testing laboratory.
• Radiation detection of imported foodstuff.
• Monitoring of vessels that pass through the Suez Canal carrying out radioactive materials.
• Radiation protection services and training.
• Manufacture of some radiation detection instruments.
• Personnel training in various fields related to nuclear science and technology as well
relevant fields in industry.

7-

MANPOWER DEVELOPMENT
The AEA

adopts a continuous manpower development programme covering the

working staff as well as fresh graduates joining the AEA. All fresh university and high school
graduates have to undertake a six week orientation programme in basics of radiation physics

29

and radiation protection as well as acquaintance with radiation sources. Furthermore they are
given specific training programmes in their respective centre before joining work.
The AEA also holds almost continuously seminars, symposia and workshops on the
national, regional and International level covering the major fields of nuclear science and
technology.

8-

MANPOWER AND INVESTMENTS
At present AEA manpower at present includes about 850 academic staff supported by

about 650 specialized technical staff, in addition to about 2500 staff holding administrative,
financial, and assisting jobs.

The research and development funding rose dramatically from about 2 Millions Dollars
equivalent in 1981 to about 37 Millions Dollars equivalent in 1995 and is expected to be jump
to about 88 Million Dollars equivalent in 1997. This is illustrated in Fig. 2 .
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EG9601734

by
M.N.H.Comsan
Nuclear Research Center, Atomic Energy Authority
Cairo, Egypt

Abstract:
The Nuclear Research Center,AEA, Egypt is erecting in its premises at Inshas a
Cyclotron complex for multidisciplinary use in research and application .The complex is
to utilize a Russian made AVF cyclotron accelerator of the type MGC-20 with 20 MeV
protons. Among its applications the accelerator will be used for the production of short
lived cyclotron radioisotopes.
The article gives the design features of a radioisotope production facility to be
annexed to the complex. Layout of the facility and description of radwaste, ventilation
and air-conditioning systems are presented.
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Key words: Cyclotron, Radioisotope Production, Layout, Ventilation, Waste
Disposal.

Introduction:
The demand on short lived radioactive isotopes (RI) is steadily increasing in
recent years. Use of these radioisotopes in nuclear medicine is especially suited
because of the low dose they deliver to the patient. Over the past two decades,
use of cyclotrons for short lived RI production has been increased significantly.
The implementation of modern technology (high current machines, high power
targetry, irradiation and extraction automation, etc.) has helped to keep
cyclotrons competitive with other RI production methods, such as nuclear
reactors. Now all over the world more than 200 cyclotrons of different types are
engaged in short lived RI production.
In Egypt , the Nuclear Research Center (NRC) of the Atomic Energy
Authority (AEA) is erecting in its premises at Inshas a cyclotron complex for
multidisciplinary use in research and application. The complex is to utilize a
Russian made AVF cyclotron accelerator of the type MGC-20. Among its
applications the accelerator will be used for short-lived RI production.

TheIrradiation.Facility:
Our irradiation facility will be the MGC-20 machine which is a compact
(magnet pole diameter 103 cm) azimuthally varying field (AVF) cyclotron with

guaranteed beam parameters givenln Table (1).
Table (1)
Beam Parameters of the MGC-20 Cyclotron
Accelerated Particles

Interna Beam
energy current
(MeV) OlA)

External Beam
energy current
(MeV) (JIA)

Protons

(P)

2-20

200

5-18

50

Deuterons

(d)

1-11

200

3-10

50

J

He-nuclei

W

4-27

50

8-24

25

4

He-nuclei

(a)

2-22

50

6-20

25

In the 1st phase of RI production program the external beam target
o

technique (irradiation in a deflected 45 beam) using thick solid targets, will
be considered.
RadjoisotopeInventory:
More than 20 radioactive isotopes can be produced using the MGC-20
external beam with parameters given in Table (1). These radioisotopes are
used not only in medical diagnostics but also in industrial and agricultural
investigations. Table (2) gives data available on these radioisotopes.
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Table (2)
Physical Data ori Possible RI Inventory
Radionuclide
24

Tl/2

Target

Reaction

Energy
(MeV)

Yield
(\lCU\iAh)

Na
45 T i

15.0h

Na

23

Na(d,p)

7.5

3.08h

Sc

45

Sc(p,n)

11.5

48V

16.0d

Ti

48

Ti(p,n)

15

120

V(p,n)

15

340

15

120

14000

51

Cr

2.77d

V

5l

56

Co

78.8d

Fe

56

57

Co

271d

Fe

57

Fe(p,n)

15

20

61

Cu

3.41h

Ni

60

Ni(d,n)

9

9500

62

Zn

9.26h

Ni

60

Ni(x,n)

20

100

67

Ga

78.3h

Zn

64

Zn(a,n)

19

160

Cu

65

Cu(x,n)

20

190

Zn

66

Zn(d,n)

8

110

Zn(p,n)

15

1900
160

67
74

Fe(p,n)

17.8d

Ge

74

Ge(p,n)

15

4.42h

Se

80

Se(p,n)

15

Rb
82m Rb

4.58h

Br

81

Br(t,2n)

22

30

Br(T,3n)

22

70

85

Sr

64.8d

Rb

85

Rb(p,n)

15

40

87m Y

12.9h

Sr

87

Sr(p,n)

15

2000

Mo
95m Tc

6.85h

Nb

93

Nb(p,n)

15

800

61d

Mo

95

Mo(p,n)

14.8

lll

67.9h

Cd

1U

I3.6d

Cd

114

Cd(a,n)

15

123j

13.2h

Te

123

Te(p,n)

15

127m Xe

69.2d

I

127

As
80m Br

81

93m

ln

ll7m

Sn

81

6.2h
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Cd(p,n)

K P ,n)

16

14

1200

5200

Table (2) - continuedRadionuclide
167

Tm
197
Hg
197m Hg
201 T ,
203pb
206 B i

l/2

Target

9.24d

Er
Au

T

64. lh
23.8h
73.1h
51.9h
6.24d

Reaction
167

Er(p,n)

197

Au(p,n)

Energy
(MeV)

Hg
Tl

202

2O3

T1 (p,n)

15
15
15
18
15

Pb

206

Pb (p,n)

15

Hg(p,2n)

Yield
(jiCi/uAh)
75
36
23
1500
170
410

Of the radioisotope inventory given in Table (2) only four are considered
the most important since they represent almost 90% of the radioisotopes used in
nuclear medicine. These radioisotopes are: galium-67, indium-Ill, iodine-123
and thalium-201. Namely these isotopes are planned to be produced first.
Irradiation...andPocessing Conditions:
For the four above mentioned radioisotopes it is planned to use proton
reactions with beam energies in the range of 15 MeV. Experience with MGC-20
operation in Russia, Hungary and Finland showed that namely in this energy
region accelerating conditions are most favourable. Enriched targets should be
used to reduce to acceptable levels production of unwanted radionuclides. In this
respect enriched target materials will be used with enrichments > 95% of the
desired stable isotope °'Zn, ^ C d , ^ J Te and -^Hg, respectively.
The target material should be chosen in such a form as to withstand
high beam current. Usually it is attached (soldered deposited, pressed,
melted, etc..) to a fundamental support made of a metal with high thermal
conductivity and high melting point such as copper; backing plate .
The target material must have high stability to heat dissipation (~ 1 kW in
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our case) and radiation damage, high melting point and good heat conducting
capability with the backing plate. Grasing incidence (6-7°) of the beam, or
alternatively beam sweeping or target rotating is usually employed to improve the
thermal performance of solid targets used for RI production. Special attention
must be given to insure continuous efficient cooling of the backing plate.
For efficient use of cyclotron time and to avoid undue overexposure of the
personnel the highly active irradiated target is to be switched off the beam
automatically at the scheduled end-of-bombardment (EOB) time. With irradiated
target in its container the target activity is monitored remotely and after
appropriate cooling time the irradiated target is transferred to the dedicated hot
cell for further processing. Allowance is made of possible pneumatic transfer of
irradiated targets to hot cells.
As is clear from Table (2) radioisotopes produced by cyclotrons usually are
of a chemical element different than that of the target. Contrary to reactor
radioisotopes, in accelerator Ri productoin using solid targets the produced rodioisotope is confined to a thin superficial layer in the irradiated target that is
defined by the range of the bombarding particles. For this reason and because of
the high price of enriched materials, it is recommended to use target material just
sufficient for beam size ( extension and depth ). The produced radioisotope is of
an extremely small amount, usually much less than a microgram as compared to
the relatively great amount of the target element, usually 1/3 - 2 gram. Special
radio-chemical procedures have to be used for separation and recovery of the
expensive enriched target material at minimal losses.
The estimated production batches are expected to be in the range of
300-500 mCi/batch/week for each of the four selected isotopes.
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Facility Layout:
The cyclotron RI production facility is a part of the cyclotron building
complex. The active part of the facility (containing production, dispensing,
research and development, etc) is a two storey building with basement designed
for the accommodation of waste collection and storage systems. The layout of the
ground floor of the facility is shown in

Fig.(l). It includes a radioisotope

separation laboratory ( RISL) with shielded hot cells for processing cyclotron
irradiated targets, and separate laboratories for development decontamination ,
radiopharmaceutical production, radioanalyses, and quality control. Also there
exist laboratories for dispensing and packaging, for target recovery and
preparation.
The entrance to the cyclotron RI production wing from the inactive area is
through radiation control survey and registration, followed by changing rooms
with wardrobe arrangements in both inactive and active areas.Considering the
weight of concrete and lead shields, floors of high active areas, such as radioisotope separation laboratory, development laboratory and radiopharmaceutical
laboratory , are designed to withstand loads up to 5 tons/m".
The layout of the basement floor is shown in Fig.(2).

Ventilation System;
Within the cyclotron complex, the RI production facility has an independent
ventilation system with included in air conditioning. Air change within radioisotope separation, development, radiopharmaceutical, and target recovery
laboratories is -15 times/hour, and in the rest of laboratories is- 7 times/hour.
The direction of air flow is always toward the zones with the highest levels of
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radioactivity. This is achieved by blowing fresh filtered air into corridors and
laboratory rooms through supply ducts placed at 0.4 m above the floor. The air
outlet is arranged through grids with filters placed under the ceiling , and released
to the atmosphere through a stack. The relative atmospheric pressure within the
facility compartments is as follows:

- Inactive rooms and corridors

:Atmospheric pressure or slightly
less.
: 10 mm of water-reduced pressure

- Laboratory rooms
- Processing and dispensing boxes

: 20 mm-reduced relative to
laboratory rooms.

Seald processing and dispensing enclosures are supposed to be provided
with separate ventilation with suction system consisting of two exhaust fans each
of which is capable of providing the necessary reduced pressure. Air change
within the enclosures is~30 times the enclosure volume per hour. Control of the
reduced pressure inside the enclosures is achieved by means of separate
adjustable inlet valves with linear air velocity ~ 0.5 m/s.
The exhaust air from processing and dispensing enclosures should pass
through absolute filters, and if required through carcoal filters for volatile
nuclides, before being released to the stack.
Warning system is to be provided which actuates alarm signals in the high
active rooms if the pressure falls below a predetermined value . Attention is given
to the provision of an emergency electric generator for the ventilation system, to
be used in case of a main power failure.
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Waste Disposal System!
The operation of facility waste disposal system is based on differential
collection. The facility waste is divided into five categories: inactive liquid waste,
low-activity liquid waste, liquid process waste, solid process waste, and solid
laboratory waste. In this respect drain coming from showers and washsbasins is
considered inactive and is discharged to the ordinary sanitary system.
Efluents from laboratory rooms that are considered inactive (blue lines) are
directed to a control tank in the basement, where it is controlled for radioactivity.
If the radioactivity exceeds a predetermined value it is directed to 30 rrr outdoor
waste storage tanks, otherwise it is discharged to ordinary sewage.
Efluents from laboratory rooms that are considered of low activity (yellow
lines) are collected by means of the "facility waste system". These efluents are
3
directed to three 10 m delay tanks located in the basement. The contents of the
tanks are monitored and directed to the outdoor tanks, or to the sewage system
depending on the level of the radioactivity.
The liquid process waste from processing and dispensing boxes (red lines)
is taken out of the boxes through pipes directly to plastic contaires (one for each
box) placed in the basement inside shielded steel drums. Filled containers with
drums are to be left for decay in a store room until the waste can be treated as
ordinary sewage.
Disposal of solid laboratory waste is done by dropping through large
diameter tubes into polyethelene containers under the boxes. The containers are
placed in steel drums lined inside concrete. Before filling ,the drums are closed
and stored in the basement for decay.

A leakage alarm system based on moisture detectors is to provide alarm
signals in case of liquid waste leakage from transfer tubes, collecting vessels, or
tanks.
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NEUTRON GENERATORS AND THEIR USES IN RESEARCH AND
APPLIED FIELDS
F.I. Asfour
Division of Basic Nuclear Sciences, NRC, AEA, Egypt, Cairo

Introduction
The development of the low voltage neutron generators (N.G.) has contributed
considerably to the scope of nuclear research and the economical application of nuclear
methods. Such simple instruments are used to produce 14 MeV and 3 MeV neutrons via the
^H(d,n)^He and ^H(d,n)^He reactions respectively. The neutron generators are very widely
used and are inexpensive devices, easy to install and operate; therefore, in addition to nuclear
physcists, there are a number of groups of scientists who use low voltage accelerators as tools
for pure and applied researchs, service and education.
The aim of this work is to review shortly those problems and methods of science and
technology where the neutrons produced in the D-T and D-D reactions play the main role.
A wide range of experiments with the detection of neutrons and charged particles is available
including the study of shielding and the generator technology itself. N.G. are recently widely
used for the determination of neutron nuclear data needed for fast reactor and thermonuclear
devices.
The principles and techniques of the possible uses of neutron generators in technology and
research are summarized.
The review is devoted to:
- Give a short review of the most important operational characteristics of the neutron
generators and the necessary instruments needed for application.
- Outline shortly the main applications of the neutron generators in neutron activation and
prompt radiation analysis in various fields (metallurgy, chemistry, biology, meteoritic and
lunar studies, geology and mining, etc..) fast neutron therapy and radiation effects.
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Apparatus:
A recent activation analysis laboratory is installed at the Nuclear Physics Department,
D.B.N.R., N.R.C., A.E.A. Egypt.
It consists of the following elements:- A pulsed beam, accelerator based, neutron generator of type NG-1254 MF-Physics
Corporation with neutron yield 2.5x10* * neutron/sec, <E>=5.OxlO^ n/sec.cm^ » with TiT
target, for producing 14 MeV neutrons, PRF-Frequency: 1 Hz-f 1 MHz, puls? width : 0.05
^lsec-3 msec. Fig. (1).
- Flux monitoring equipment consisting of a plastic scintillator with a photomultiplier and a
single channel analyzer, giving a proportional quantity to the integrated flux passing
through the sample during irradiation.
- Irradiation station , planed with two positions; one surrounded with cadmium and placed
against the target (for 14 MeV neutron irradiation) , and the other in the middle of a
polyethylene block (for thermal irradiation).
- Gamma spectrometers, consisting of:
(1) a 3"x3" cylindrical Nal(Tl) crystal scintillator with a fitted photomultiplier (the
assembly was placed in the middle of a Cu-Cd lined lead castle, 5 cm thick) connected
with a multichannel analyzer.
(2) Hyperpure germanium detector for wide range of y-energies 3 KeV-10 MeV, connected
with a computerized MCA with a built-in spectrum analysis, y-ray library, and a 5"x5"
Nal(Tl) scintillator....
- A rapid sample transfer system of model NA-100 MF Physics Corporation between loading,
irradiating and counting stations (this is a pneumatic system, with a programmer for setting
irradiation, decay and counting times).
- Cylindrical polyethylene sample containers. Figure (2) shows a block diagram of a typical
activation analysis system.
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Potential hazards associated with the A-1254 neutron generator:
The neutron generator produces neutrons by accelerating a beam of deuterium ions into
a target containing tritium. The maximum yield is 2.5 x 1 0 1 1 , 1 4 MeV neutrons/second. These
neutrons are extremely penetrating and therefore, adequate shielding must be provided to
reduce the radiation level to the value permissible in safety regulations.
- The normal allowable dose of fast neutrons for a 40 hour week is 10 neutrons/cm^.second.
- In addition, the neutron generator has a very high output of x-rays with maximum energy of
205 KeV. The maximum x-ray dose is about 750 mR/hour at 1 mA beam current. At the
target end the x-ray dose is _ 80 mR/h with a I mA beam current. When generating neutrons
the x-ray dose usually will be reduced to a safe level by the neutron shield. The area&ould
be monitored to provide minimum exposure for the personnel.
- In the case of work with the neutron generator soon after it was operated, care should be
taken because of induced radiation in equipment on the generator or in equipment in the
vicinity of the generator. A potential tritium hazard exists whenever the system is opened to
atmosphere for any reason (i.e. maintenance, target replacement, deuterium leak
replacement, tube breakage, using the mechanical vacuum pump, etc.) so it has to be taken
into account during all these works. To control the tritium hazard a tritium air monitor with
a sensitivity of at least 30 microcuries/m , should be located in the operating area.
Concentrations of tritium exceeding allowable limits will be immediately indicated by this
monitor to alert personnel of the area of the need to evacuate, for that a strong ventillation
system is used.
- Whenever it is operated, an A-1254 neutron generator utilizes a 5 curie tritium target. In
addition, spare targets may be stocked as replacement. All of this radioactive material must
be used or stored in an exclusion or storage area in accordance with safety regulations.

Shielding:
Shielding must be designed to meet special requirements of facility, equipment and
operating conditions. These shielding calculations must take into account
2

that a neutron flux

of 10 neutorns/cm .sec (14 MeV) is the maximum permissible level for a 40 hour week.
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The neutron flux at a distance 300 cm from the target can be calculated using the inverse
square law.

<l> ~ neutron flux, Y - neutron yield.
<J> = 10 11 /4 n (3OO)2 = 8.85xl0 4 n/cm 2 .sec.
These calcuaJtions without any shielding.
The shielding calcuaJtions show that the 14 MeV neutrons are reduced by a factor of 10
for each 37.5 cm of solid concrete block. Therefore 152 cm concrete block will reduce the
neutron flux to approximately 9 neutrons/cm.sec2, which is within the permissible level. For
extra shielding concrete walls of 200 cm are used.

Fast Neutron Activation Analysis (FNAA):
Analysis by neutron activation has been made available to industrial laboratories by use
of small neutron generators. Although the neutron flux produced is much lower than that of a
reactor, the energy of neutrons is (14 MeV), and they are capable of producing reactions
different from those possible with a reactor. Besides, fast neutrons can be slowed by means of
hydrogenated materials and can be used for thermal neutron irradiations.
As had been mentioned the FNAA is being used in different fields of research and
applied fields. It is not an easy task to cover all these fields, so only some examples are given.

1. Metallurgy:
The application of FNAA provides a fast and precise determination of major and minor
constituents of metals, alloys etc...
The most common application of 14 MeV NAA is the determination of oxygen O,
mainly in metals and especially in steel.
The well-known technique for determining O by 14 MeV NAA i.e. the 6.13 and 7.11
MeV Y-rays from 7.3 sec.

I6

N produced in the

16

O(n,p) 1 6 N and can be detected by Nal(Tl)

crystals. The detection limit 5X10"4 % ~ 3 x 10 %. The FNAA has many advantages in the
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determination of SiC^- Several investigations were devoted to the determination of Si, P and
Mg in cast iron. FNAA-techniques are widely used in metallurgy.

2. Chemistry:
Neutron generators have been employed in the analysis of various chemical products in
industry.
Rapid and accurate methods of analysis of halides in photoemultion with 14.7 and 2.8
MeV neutrons are used.
Low concentrations of impurities in explosives and propellants can influence safety in
handling. The nitrogen content is determined from

N(n,2n)

N reaction. Na and P are also

determiend in organic compounds. The method is rapid and does not exclude the possibility of
a further investigation of the sample with sensitivity 6x10

gr for Na an 3.5 x 10

gr for P.

The determination of small amounts of O in organic compounds and polymers is an
important analytical problem, and the FNAA provides an accurate method allows to determine
O, Si, Al, Ti, N, Ba, P, Zn, Y, Cr, Fe, Dy, Eu and Zr in oxides, glasses, circuit boards and thin
films used in electronic industry.

3. Biology:
There are about 40 elements that constitute the organism of the biosphere. These
elements can be divided into three groups; primary (1 to 60%), secondary (0.01% to 1%) and
microconstituents (<0.05%). The measurement of total body levels for both primary and trace
elements is of biological interest. The determination of trace- element concentrations in
human material can provide information on normal or pathological conditions.
In plants, a change in the main constitutents influences the biological value of vegetable
nutritive materials.
Elements as (O, N, F, Na, Mg, Si, P, S, Cl, K, Ca, Ti, Fe) have been determined in
biological materials with 14 MeV neutrons. The proteins are measured without any
measurable effect of radiation damage.
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4. Meteoritic and Lunar Studies:
The aim of the investigation of meteoritic and lunar studies by FNAA was to determine
the abundance and distribution of chemical elements in meteoritic and lunar materials.
Elements as; O, Na, Mg, Al, Si, K, Ca, Ti, Fe, Sr, Ni, Y, Zr, Nb, Ce can be determined
by FNAA.

5. Geology and Mining:
The terrestrial crust consists of various types of rocks, which change slowly to soils,
clays, sediments etc. There are four groups of elements in terrestrial samples (major > 1.0%)
minor (0.01 to 1.0%), trace (<0.01%) and rare trace (0.1 ppm). The major elements in most
rocks are: Si, O, Al, Fe, Mg, Ca, Na, K, Ti and P. The concentration of these elements differ
from one to four order of magnetiudes, so careful investigation is needed to develop the most
suitable methods for borehole and bulk media assay. The FNAA is a very suitable and widely
used in analysing such sample.

6. On-Line Activation Analysis:
The most frequent fields of application are the on-beam analysis of solutions and the
analysis of solid substances on conveyer belts.
The concentrations of V, Na and Cl in crude oils of different origin were determined by
FNAA. The delayed fission neutrons for the continuous on-line determination of trace
concentrations of U and Th with concentrations down to 20 and 100 ppm respectively using a
fast neutron flux O = 2x10 ~.s~* was used.

7. Prompt Radiation Analysis:
For the determination of elements in a sample, the NAA can be completed by measuring
prompt gamma-rays, alphas, fission fragments and secodnary neutrons, which are emitted
during the decay of a compound nucleus formed in the neutron interaction process.

8. Shielding and Radiation Protection-Fields:
The fast neutrons produced from the neutron generators (14 and 3 MeV) are useful tools
to study shielding and radiation protection fields with different materials.
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9. Basic Nuclear Physics Research:
Accurate measurements of fast neutrons induced nuclear reactions especially with
outgoing charged particles (e.g. (n,p), (n,2p), (n,a), (n,He^) etc..) are needed to study the
nuclear reaction mechanisms and models from one side, and from the other side such accurate
cross-sections are needed for FNAA and World Nuclear Data collection programme IAEA.
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ABSTRACT
This paper presents a review of cyclic accelerators and their
energy limitations.A description is given of the phase stability
principle and evolution of the synchrotron, an accelerator
without energy limitation. Then the concept of colliding beams
emerged to yield doubling of the beam energy as in the Tevitron 2
trillion electron volts(Tev) proton collider at Fermilab and the
Large Hardon Collider (LHD) which is now planned as a 14-Tev
machine in the 27 Kilometer tunnel of the Large Electron Positron
(LEP) collider at CERN.Then
presentation is given of the
Superconducting Supercollider (SSC), a giant accelerator complex
with energy 40-Tev in a tunnel 87 Kilometers in circumference
under the country surrounding Waxahachie in Texas,U.S.A.
These superhigh energy accelerators are inteded to smash protons
against protons at energy sufficient to reveal the nature of
matter and to consolidate the prevailing general theory of
elementary particles.
INTRODUCTION
Low energy accelerators have been extensively used in the range
starting from few hundred kilo-electron volts up to few hundred
million
electron volts,
covering a
very wide
range of
applications in industry, engineering, science, medicine and
other fields.
All types of low-energy accelerators went through a rapid series
of developments which led to higher energy machines. However, in
each type there was always a limit for the maximum energy set up
either by physics, engineering or economic limitations, Table 1.
The next important stage of accelerator development was the
discovery of the phase stability principle in 1947 independently
by Veksler in the U.S.S.R. and McMillan in the U.S.A. This
principle which led to the invention of the synchrotron states
that particles accelerated in a series of gaps by an a.c. field
will be stable in phase. In principle, acceleration can be
continued to indefinitely higher energies. Some examples of high
energy synchrotrons are: the 500-BeV proton synchrotron built in
1959 at CERN, Geneva, Switzerland using superconducting magnets
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and storage ring, and the Fermilab Tevatorn at Batavia, illinois
in the U.S.,which started operation in 1973 with a 500 BeV proton
beam which has been upgraded to an energy of 2000 BeV.
Another machine which is categorized in the series of high energy
accelerators,which is also a synchronous accelerator but not a
synchrotron, is the 3.2 km Stanford Linear Accelerator (LINAC)
which started with an energy of 2 BeV and has been upgraded in
1987 to an energy of 120 BeV . The CERN Large Electron - Positron
Collider (LEP) which extends in a 27 Kilometer circle under the
Rhone Valley west of Geneva is now the grandest and most costly
atom smasher.lt became operational in 1989 at an energy of 100
BeV which increased to 200 BeV in 1992.
Still
another, more
challenging,
atom
smasher
is
the
Superconducting Supercollider which is by far the largest and
most energetic particle accelerator ever built. It would have a
tunnel that will circle for 87 kilometers under the countryside
surrounding Waxahachie, Texas in the U.S.A.
Construction started in 1989 and completion was expected by the
year 2000 with a maximum collision energy of 20 trillion electron
volts (TeV). However, after completion of 20% of the project and
spending 2 billion dollars, the S.S.C. was cancelled in October
1993 because of budget problems which affected other research
programs in the U.S.
Following this, the
governing council of CERN
authorized
construction of the Large Hardon Collider (LHC) which will be
housed in the existing accelerator tunnel of LEP. Whereas the
S.S.C. would have an effective collision energy of 40 TeV, the
LHC is planned as 14-TeV machine. This figure is still higher
than the present most energetic proton collider now in operation,
the Tevatron at Fermilab in illinois, U.S.A., in which beams
collide with an effective energy of about 2 TeV.

Cyclic accelerators start with the simple cyclotron
whose
principle depends on synchronism between rotation frequency fr of
ions injected from an ion source at the centre of two semicircular hollow electrodes (the dees) in a vacuum chamber, and
the frequency of a.c. accelerating potential applied to the dees
under the influence of a perpendicular magnetic field B,(Fig 1A),
eB
f r = f a.c ,where M is mass of accelerated ion. Energy
2
M
limitation of the conventional cyclotron results from disruption
of synchronism since f r is reduced as energy is increased due to
relativistic increase of M and reduction of B (negative gradient
of B needed for focusing),Fig IB.
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Accordingly, a maximum energy of 50 MeV could be acheieved in an
ordinary cyclotron without disruption of synchronism.

A development to meet the contradicting requirements in a
cyclotron; that B must increase with the relavistic increase of M
to maintain constant f, and that B must decrease with R to
maintain particle focusing, was made possible by the use of
alternately high and low regions of magnetic field around the
orbit obtained with radial sectors of iron fastened to the pole
faces, Fig 2, thus yielding the " azimuthally varying field"
(AVF) cyclotron.(1) Maximum energy could thus be increased to few
hundreds of MeV, especially when high charge state beams are
used, as seen from the energy equation: E=K q2/M,where K =
characteristic number of accelerator , q^charge number of ions.
The Synchrotron:
An accelerator concept without energy limitation has been made
possible by utilizing ring-shaped magnets and constant-orbit
radius in the synchrotron after the discovery of the phase
stability principle. It states briefly that particles with phase
or energy errors will continue to be accelerated with minor
oscillations in phase and energy around the correct equilibrium
phase and energy, Fig 3A , and Fig 3 B (2).
A proton synchrotron, Fig4, therefore, consists basically of an
injector to produce a well-defined beam, and annular-shaped
magnet whose magnetic field can be pulsed from a very small
value- (needed for injection) to many kilogauss in a short time
and resonant cavity whose accelerating r.f. voltage can be
produced at a frequency which is kept in synchronism with the
particle rotation frequency.
Thus,as B begins to rise,protons are injected when B has reached
the value at which protons can just go around the machine (Mv=
BeR), then as orbit radius R shrinks, protons are allowed to
enter the resonant cavity and receive energy such that R
increases. By correctly adjusting the voltage and frequency the
position of the orbit of the particles can be kept fixed as B and
energy rise.
Accordingly, the proton energy keeps in step with B until B
reaches its maximum value. Finally, high energy protons can
either be extracted from the synchrotron or be directed into a
target within the ring to produce secondary particles.
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Different types of synchrotron differ in the way that
circulating beam is focused due to particle oscillations.

the

With no limitation on energy increase in the synchrotron, it was
possible to build a 500 BeV accelerator complex at Fermilab in
the U.S.A. which started operation in 1972, and a 400 BeV complex
at CERN in Switzerland. The two atom smashers were basically the
same with some differences in their injection system. The
Fermilab complex (3), Fig 5, consists of four accelerators in
series, the last stage being the main ring synchrotron which is 2
kilometers in diameter to yield a 500-BeV beam whose intensity is
2.5 x 10 1 3 protons/pulse.
With these machines research on
elementary and subnuclear
particle physics, have resulted in exciting discoveries of new
particles and formulations of new theories aimed primarily at a
better knowledge of our universe, like discoveries of sub-nuclear
particles of the quarks, and in particular of a particle
discovered in 1977 given the name " Upsilon " whose mass is more
than ten times heavier than the proton.
The need arose, therefore,
super-high energy machines.

and attempts

continued to

develop

COLLIDER ACCELERATORS
A new
development based
on colliding beams,
the Energy
Doubler/Saver(ED/S)<4>ring,in the same tunnel with the main 500BeV Fermilab ring, but using superconducting magnets to increase
B to a much higher value and reduce the size of vacuum chamber at
a great saving in magnet power. The 500-BeV beam was injected
into the ED/S ring to ultimately raise the energy to 1000 BEV.
The proximity of two accelerated beams in the same tunnel made
the prospect of colliding these beam an obviously attractive
possibility. Thus, in fixed target accelerators the center-ofmass energy E=
1.88W, while for colliding beams E=2W,(W being
laboratory energy of each of the beams in head-on collision).A
development in this direction is the POPAE project,(Fig 6 ) , which
aims at the construction of a facility consisting of 1000-BeV on
1000-BeV proton- proton colliding beams to yield the Tevatron
2000-BeV
center-of-mass energy which,if in a fixed-target
accelerator,would require a beam of more than
2 x 10 8 BeV, Fig 7 .
A high energy collider which is not a synchrotron, is the
Stanford Linear Collider, Fig8, which started operation in 1987
with maximum energy 120 BeV. It is an electron-positron collider,
three kilometer long.
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Fig,8
Dvnpuig nnj
Operational since
1987 .
Maximum collision
energy :
120 billion electron
volts .
type : electronpositron collider .
1 Electrons are shot
at a target to
produce positrons .
2 positrons and
electrons are
collected in damping
rings .
j
3 The particei are accelerated down a 3
(1.9-mile) tunnel. At the end their paths are
bent into a head-on collision course .
U the energy of coillision creates new
particles , which are recorded in the detector^

Operational since 1983 .
Maximum coillision energy :
2 trillion electron volts Type : proton-antaproton collider
1 protons are created and then
accelerated in a small synchrotron .
2 Antiprotons are created and then put
into ring .
3 The particles are injected into the
main ring , where they are accelerated
to high energies .
4 They are then diverted and further
accelerated in the Tevatron . It ii a
more powerful ring , using superconduct.
magnet , installed below the main ring.
5 The counterrotationg beans snash
together in the detector .

LEP is a super high energy accelerator which is thought to be one
of the grandest and most costly undertaking in the history of
science.so far.It is a mammoth particle racetrack residing in a
ring-shaped tunnel 27 kilometers in circumference that runs 110
meters on the average beneath landscape of villages and farms at
CERN, along the French-Swiss border. LEP is built on a pharonic
scale, its excavation and that of four huge experimental halls,
required the removal of 1.4 million cubic meters of earth,
roughly half the volume of the Great Pyramid of Cheops.
Operation of the LEP is as follows (Fig 9)<s> :
1. Positrons are created in a linear accelerator and then stored
in a storage ring,
2. Electrons and positrons are accelerated in synchrotron,
3. The particles are injected into the LEP ring, the two kinds
then circling in opposite directions,and,
4. The particles collide head-on in one of the four experimental
halls.
The real work is conducted in the main four experimental halls
spaced equidistantly around the 27-Km central loop.
They are dedicated to the same research goal: capturing and
analyzing the feathery traces left by short-lived
collision
products in hopes of discovering something new and unexpected.
They are monitored by four teams of scientists, each pursuing its
own experimental path:
ALEPH : a team from 10 countries building a fast, reliable,but
fairly simple particle detector hoping to make a major discovery,
OPAL : an eight-country collaboration which tried-and - tested
techniques for measuring the trajectory and momentum of charged
particles, DELPHI : a 17- nation team building the most complex
detector;
a 5.2-meter
superconducting magnet
packed with
sensitive instruments, and L 3, a 13-nation project, the largest
and most ambitious of the four experiments is exceedingly
sensitive detector which has been constructed to boast the
world's most powerful electromagnet.
LEP has already started operation in 1989 with a maximum energy
of 100 BeV and was raised to 200 BeV in 1992. In the main tunnel,
room is left for a proton accelerator, the sO-called Large Harden
Collider, to be installed above the loop of LEP. It would be four
times as powerful as the Tevatron and almost half as forceful as
the superconducting supercollider.
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The Supercpndupting Su.percQllj,(jflr :
LEP and other large accelerators have been built to probe the
nature of matter on a scale far smaller than that of the atom.
Still higher-energy atom smashers seem to be needed in an attempt
to make possible an understanding of the development of the
universe, the evolution of the elements and behaviour of atomic
nuclei. In this respect accelerators are time machines that
recreate the primordial fireball in miniature to unlock its
secrets. The collision of two accelerated particles releases
enormous bursts of energy. But that energy instantly condensed
into a new array of particles, some of which may not have existed
since the Big Bang. But none of the current generation of
accelerators are powerful enough to re-create the very earliest
fraction of a second after the Big Bang,where answers to the most
intriguing mysteries are thought to lie.
U.S. scientists have, therefore, taken the bold decision of
building a
colossal
collider
that
will
dwarf
today's
accelerators. This is the Superconducting Supercollider which
will have a tunnel that will circle for 87 kilometers under the
cotton and cattle country surrounding Waxahachie, Texas. Expected
to be completed around the year 2000, it will have a maximum
collision energy of 40 TeV. Being a proton- proton collider, an
injector accelerator (FiglO) injects a high energy proton beam
into two rings to be accelerated in opposite directions. The
beams will cross at experimental halls. The counterrotating beams
of protons which are strongly focused to an extremely small
diameter contain quadrillions of particles, will whip around the
ring-shaped tunnel 3000 times producing up to 100 million
collisions every second. The magnets amount to 10000, using
superconducting wire enough to circle the earth's equator 25
times. The cross section diameter of the tunnel is 305 cms as
illustrated in FiglO which gives the size comparison of the SSC
with CERN'S LEP, Stanford
Linear Collider and
Fermilab's
Tevatron.

Collider (LHCJt
The super price tag of the SSC-originally estimated at $ 5
billion up to $ 11 billion at last count created a powerful
argument against the machine. Specialists in other fields of
science, and even different areas of physics who have been
seriously affected in financing of their projects have raised
much protest against continuation of the SSC. After completion of
20% of the project, and after spending $2 billion, a decision was
taken by the U.S. congress in October 1993 to cancel construction
of the SSC. Following this decision, the governing council of
CERN authorised construction of the Large Hardon Collider (LHC).
This facility will be a smaller version of the SSC, and is to be
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Fig 10
Superconducting Supercolliedr
Operational by about 2000
Maximum collision energy.
UO trillion electron volts
Type : proton-proton collider
1 protons will be collected in
the injector .
2 They will be sent into two pipes
and will circle in opposite directions .
3 The beams will cross at experimental
halls .

70

built at a much lower cost than the SSC. It will be housed in the
existing accelerator tunnel of the LEP.
Like the SSC, the LHC is intended to smash protons against
protons at energies sufficient to reveal the nature of matter and
to consolidate the prevailing general theory of elementary
particles. But whereas the SSC. would have an effective collision
energy of 40TeV, the LHC would have a collision energy of 14TeV,
which will still be higher than the present most energetic proton
collider, the Tevatron which has an effective energy of about 2
TeV.
Like all the most advanced colliders, LHC will rely on cascade
acceleration using a series of boosters and rings, each optimized
for a specific energy range, Figll. Initial acceleration takes
place in a proton booster and in the Low Energy Antiproton Ring
(LEAR). Next, the protons and antiprotons are fed into the
existing Proton Synchrotron, then into the existing super proton
synchrotron, and finally into the main storage ring, where
bunches of protons and antiprotons are made to collide.
Super High Energy Accelerators and Elenentary Particle Physics
Like all particle accelerators, LEP functions something like a
nuclear reactor in reverse. Rather than generate large amounts of
energy from small quantities of matter, LEP generates tiny
particles of matter from a mammoth amount of energy - enough to
power a city of 200,000 people. Its electrons and positrons race
around a lead-shielded, water-cooled aluminum vacuum chamber,
building up immense kinetic energies. When they collide, they
create subatomic fireballs with the intensity of 400 million
suns. In a microinstant, the kinetic energy amassed by the
particles is transformed into new kinds of matter, the inverse of
Einstein's famous equation E = me 2 .
The strange, ephemeral bits of matter that emerge from these
collisions-muons, bosons and the residue of the occasional
charmed quark-include many of the particles thought to have
existed in the very first moments after the Big Bang, before the
universe cooled and the early particles changed into the more
stable atomic elements. Accelerators are in effect vast time
machines, and the larger they get, the nearer scientists can
approach the original explosion that
formed the universe.
Particle accelerators are to physicists what telescopes and space
probes are to astronomers.
The great collider has already started to deliver results, and in
few months after its operation in the summer of 1989 it created
enough particles to establish beyond reasonable doubt that the
universe contains only three families of fundamental matter.
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Colliders that accelerate beams of protons or protons and antipmtons create the highestenergy collisions for the study of the most fundamental particles. A proton-proton collider
has two rings of magnets, each unth opposite field direction to guide the protons in opposite
directions. At the same time, other magnets, interspersed in each ring, focus the particles
into tight, concentrated beams. These counter-rotating beams meet and cross one another
in the interaction regions, where sophisticated detectors are installed to capture evidence of
the fundamental particles created by collisions between individual protons.

Magnet cross section

It is hoped by LEP scientists, however, to wrap up some of
physics more important loose ends, among them detection of the
slippery "top" quark, one of the last missing pieces in a socalled standard model of matter, and the as yet undetected Higgs
bosson, thought to be the basic carrier of mass. The beams in the
LHC will collide head-on with 14 TeV of energy. Such extremely
high energy will yield bossons, particles smaller than protons,
for further study of the fundamental nature of matter and energy,
space, time and the beginning and end of the universe. It is
hoped that the LHC will help to discover the particles that would
prove that the four basic forces of nature-electro magnetic,
strong, weak, and gravitational-can be combined in a Grand
Unified Theory of the universe. The LHC could also help to
confirm the existence of the Higgs Boson particle, which would
explain how particles get their mass and why the photon has no
mass at all. The idea is that everything in the universe is awash
in a sea of Higgs bossons, and particles acquire their mass by
swimming through this "molassesJ'Fig.12.
Also most of the i's and t's of the Standard model should long
since have been dotted and acrossed. Finding the Higgs boson
should complete the task. But there are intrinsic limits to the
model, and people believe those limits are going to show up in
the LHC, along with a whole new layer of matter we didn't know of
before.
Supersymmetric particles could also give a boost to superstring
theory, one of the hottest ideas in theoretical physics.
Superstring theory holds that
every particle is really a
vibrating loop of stringlike material that exists in tendimensional space (most of these dimensions are confined to such
a scale that we never notice them). Whether the string takes on
the role of a quark or an electron or a Higgs boson depends on
how it vibrates.
Before, we had a zoo of particles, but no one knew why they were
the way they were. Now, the simple picture presented by the
Standard Model is based on a set of theories that attempt to
describe the nature of matter and energy as simply as possible.
The model holds that nearly all the matter we know of, from
garter snakes to galaxies are composed of just four particles:
two quarks, which make up the protons and neutrons in atomic
nuclei; electrons, which surround the nuclei; and neutrinos,
which are fastmoving, virtually massless objects that are shot
out of nuclear reactions. These particles of matter are, in turn,
acted upon by four forces: the strong nuclear force, which binds
quarks together in atomic nuclei, the weak nuclear force, which
triggers some forms of radioactive decay; electromagnetism, which
builds atoms into molecules and molecules into macroscopic
matter; and gravity. An entirely separate set of particles-the
bosons-are the agents that transmit these forces back and forth
between particles, people and planets.
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The basic "family" of particles is supplemented by two more
exotic families, each of which has parallel structure: two
quarks, a type of electron and a type of neutrino. These two
extra families are all but extinct in the modern universe, but
they apparently existed in the searing heat of the Big Bang, and
only accelerators can re-create them. In fact, all of the quarks
in all of the families have been found or re-created -except for
the one called the top, which is believed to be the heaviest of
all (its mass is at least 90 times that a proton). Because^ it
would complete the set and thus vindicate decades of theory
building, the top quark has become the object of an intensive
international search. And because the top is so massive, it will
take the energy of the most powerful accelerators to produce it.
It has been reported recently , with so much excitement, that the
top quark was discovered at last in the Tevatron at the Fermilab.
That is an achievement which might bring the Noble Prize to
Fermilab scientists.
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NUCLEAR DESIGN OF A REACTOR
"POINTS OF STUDY"
M.L. Michaiel
Reactors Department, Nuclear Research Center,
Atomic Energy Authority, Cairo, Egypt.

ABSTRACT

The nuclear design of a reactor requires the knowledge of
the reactor cell and core parameters. The effect of presence
of control rods or control materials must be also calculated
accurately. The fuel burn-up as well as the formation of
fissile, fertile and fission products isotopes must be
calculated. The effect of all these parameters as well the
temperature variation on reactor control must be considered
accurately. The fuel management calculations have an
important roll in reactor safety and economy.

The principle object of reactor nuclear design is to
provide useful techniques which will give an accurate
description of the spatial and energy distributions . of
neutrons within a chain-reacting system. The study of the
physical processes which may occur to a neutron in a system
composed of scattering and absorbing materials is called
neutron transport. The neutron transport equation is based on
the fundamental physical principle of neutron conservation
within a closed system. The steady state Boltzman transport
equation is written in the form:
V. 4> (v , Q , r) +Afa (o) <J> (v , 0 , r) =s (v , Q , r)

h f f (f> (v , Q, r) No (v , v , Q, Q ) d\ . dQ
JvJQ
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Another equation that describes the neutron balance
inside the reactor core is the diffusion equation. This
equation is an approximate form of the neutron transport
equation for a medium where the absorption is small relative
to scattering. The diffusion equation can be written in the
form:
(one group form)

i ~\ \

The transport equation is applied to determine the neutron
flux inside the fuel cell (where the neutron absorption is
high), while, the diffusion equation is applied to determine
the neutron flux inside the reactor core (where the neutron
absorption is relatively smal).
The multigroup techniques can be used to solve the neutron
transport equation giving the neutron flux for each group and
consequently the reactor parameters. The condensation of
these parameters into two group parameters is usefull for the
two group solution of the diffusion equation.
The cell and core parameters calculations must take into
consideration:
a- The presence of control rods or control materials,
b- The formation of fission products like Xe135, Sm149, . . etc,
c- The burn-up of fuel material with time as well as the
formation of another fessile and fertile materials,
d- The variation of parameters due to variation of
temperature or pressure.
Each of the precedent items (a,b,c, and d) is considered
by solving

the differential

equations

that represent

its

problem.
The

fuel

management

calculations
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also

represent

an

important point in reactor physics since it plays an
important role in the economy and safety of the reactor.
Reactor

physics

safety

precedent mentioned points.
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Relativistic Resonance Scattering & Hermiticity
Requirements
By
M. W. Morsy
Department of Mathematics and Theoretical Physics, Nuclear Research
Centre, Atomic Energy Authority, Cairo, Egypt.

Abstract
In the present paper, a unified treatment for nuclear resonance
scattering is developed, in the frame of relativistic quantal-mechanics, where
the requirements of hetmiticty is incorporated.
The readability technique is employed, after being extended for
identifying a new version of a surface operator, that not only hermitizes the
Dime Hamiltonian operator, but also secures self consistency. Therefrom, a
pair of dispersion relations is established, after converting the scatteiing
differential equation into an integral one of Uppmann and Schwinger type.
Resonant eigen-solutions, that are associated with the motion of a
single neutron in the O16 nucleus, are computed for Kapur-Feierls and
Wigner-Eisenbud boundary conditions, and the corresponding R-matrices
are evaluated
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1- Introduction
In view of the fact that the scattering amplitude is simply the ratio
between amplitudes of outgoing- to incoming- waves, resonance scattering is
associated with the absence of incoming waves.
This emphasizes the utilization of outgoing boundary conditions for
resonant eigen-value problems, that may give rise to complex eigen-solutions,
in terms of which the scattering amplitude can be expressed through the
R-matrix [1-3].
Relativization of resonance scattering is extremely rare, and the only
attempt that is worth mentioning is due to Halderson [ 4]. Nevertheless, in
view of the mistakes, that occurred dun'ng identification of the unifying surface
operator, the corresponding calculation lost its validity.
In this respect, the main objectives of the present paper can be
summarized as:
1- Extending the adjoint extraction [5-6] - and readability - procedures [ 7] for
hermitizing Dirac Hamiltonian operator.
2-

Therefrom, a unified dispersion relation that connects scattering- and

corresponding internal eigen-value problem is established in the frame of
relativistic quantal mechanics.
3- Computerizing the internal eigen-value problem that are subject to two
natural boundary conditions and the corresponding R-matrix.

2- Hermiticity Requirements
In view of the fact, that Dirac Hamiltonian is not self-adjoint, this section
is concerned with the task of incorporating the hermiticity requirements in 3
similar way to that of Schrodinger Hamiltonian [6]. The realizability technique
[7] is employed after being extended [8] for hermitizing the Dirac matrix
operator. A surface matrix operator is found, that is required to ensure intrinsic
self-adjointness of the Dirac matrix operator without losing its self-consistency.

A- Adjointness of the Dirac Hamiltonian
To study the adjointness of the Dirac Hamiltonian operator:
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me2 + v

rHr

i

_

(V
—)

-me + v

r

J

let us evaluate its adjoint [8]; namely:
= r//r-'+c/i6

0

I

(2)

-I 0

which indicates that the Dirac Hamiltonian operator is not self-adjoint by itself,
due to the presence of an extra boundary term in the RHS of the above
equation.

B- Realizahility of the Dirac Hamiltonian
In view of eq. (2), one can introduce an associate operator CHO for the
Dirac Hamiltonian operator rHr ', that is required to be hermitized. This
associate operator can be expanded

in tetms of individual differential

operators that belong to the adjoint of Dirac Hamiltonian ; namely:
0

I

-1

0

(3)

in which X and n are expansion coefficients, which can be fixed upon
extracting its adjoint; namely:
7 chS

~0 1
-1 0

and employing the criterion of intrinsic self-adjointness
(5)
Therefrom, one sets the relationships :

and

together with the restriction

Such set of algebraic equations has the solution : X - 1, \x - 1/2 and,
consequently the associate operator as given by eq (3) reads :
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in which o stands for surface operator:
— C/70

CJ =

2

(OJ

[~1 OJ

which represents the proper addition that is required to ensure not only
intrinsic self-adjointness of the Dirac Hamiltonian, but also its self-consistency,
in view of the fact that it does not contain any boundary condition.

C- Scattering and Eigen-Value Problems
In terms of the Dirac Hamiltonian, as given by eq. (1), the scattering
equation reads:
[rffr~] - £ / | y / > = 0

(7)

in which |i// > denotes the scattering state (G

F)*.

By imposing an arbitrary boundary condition £ at the boundary

r-ro,

of the type:

an infinite set of eigen-states \<f».>™( G;. Fx )* can be generated together with
their associated eigen-energy e}., that obey the eigen-value equation :

and constitute a complete set of orthogonal eigen-functions, in the sense :
\fj>x ><(j>k \ - 1

(10)

and

<h\\h> = 8>»

(11)

D- Properties of Surface Operator
Let us evaluate the action of the surface operator o, as given by eq.(6)
on the scattering state | y/ >=

>= ~ch8
2

, namely:

1\
U

which enables us to express explicitly the matrix element of o between
scattering-and eigen states as :
<<t>Ao\v>^~ch

Gx(rJ[L-£]G(rJ

(13)

where L andJ2 stand for the logarithmic derivatives :
L

s

and

Similarly the matrix element of a between two eigen-states can be
expressed as:

provided that the imposed boundary condition J2 is independent of the
enumerating index X.

3- Relativistic Resonance Scattering
A- Dispersion Relations
Let us re-write the scattering equation as given by eq.(7) in the
equivalent form:
[rfir ' +<7-£7| v/> = a|y/>

(15)

which in view of the self-adjointness of the operator [rHrx + a ], is readily
convertable to the integral form as :
|i// > = 1 /[rHr

x

+ a - E] o |i// >

which, by virtue of the relations!'ips given by the matrix elements (13) and
(14) together with the eq. (9), reads :
(17)
which can be re-written atr=r0,
G
F

as .

ch
t'o

(18)

"X
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Therefrom, one can easily extract two dispersion relations :
1=P[L-£]

(19)

1 = Q[L1-£-1]

(20)

and

in which P and 0 stand for the relativistic versions of the R-matrix namely:

and

Q = - c /,/2vM
~
A.

(22)

EX~E

It is to be noted, that the dispersion relation as given by eq (20) is
unphysical,

because it cannot accommodate the possible natural choice

3-0, and consequently it will be disregarded.

B~ Scattering Amplitude
Now and by employing the asymptotic behavior of the scattering state,
one can extract the scattering amplitude rj from the dispersion relation (19)
as:

= 9L

* R(L*- L)/[1+ R(L*-£)]]

(23)

G*
The above expression for TJ is quite general where J2 is still arbitrary
and it has a two possible natural choices. C= F7G + and 0 that are analogous
to those of Kapur-Peierls and Wigner-Eisenbud respectively.
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4- Numerical Computations
For

definiteness, let us consider the motion of a single neutron in the

double magic 16 O nucleus.
We

adopt in this respect the single particle potential that has been

established by Morsy and Hanna
observed giant resonances

[9] for reproducing the experimentally

in the excitation function of the inverse photo-

nuclear reaction 15 N(P, y)16O [10].
The single particle
includes

potential is a complex optical potential which

a repulsive Coulomb term C(r, Ro) besides a nuclear term v(r, J);

namely:
v(r) = C(r, Ro) + v(r, J)

(24)

where Ro and J refer respectively to the radius of the nuclear charge
distribution and a set of parameters which are needed to specify the nuclear
term.
The explicit form of the Coulomb term is given by:
_ (z-\)e
C(r, Ro) =
Ro

(25)
2

2 Ro'

where z is the atomic number, e is the electronic charge and 6 (x) is a step
function which is unity for x>0 and zero for x<o .
The nuclear term includes central and spin orbit parts with the form :
v(r, J) = (vc+i(oc) fc (r, sc) + (vso+icoso) fso (r,sc) ncj

(26)

where vc ,coc and fc (r, sc) are the reflecting, absorbing strengths and the form
factor for the central part, while vso ,o)so and fso (r,sc) are the corresponding
quantities for the spin orbit part, and ncj represents the eigen value of J.s
operator which can be written in the form
n

=t8 ••* - (t+1)fi

(27)

in which f ~i± 1/2
The spin orbit form factor fso (r,sc) has the common Thomas from:
(r,sc) =

h2

(28)

me
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where — is the nucleon Compton wavelength and fc (r, sc) is the central form
me

factor which is given by the Saxson-woods function :
fc (r, sc) - 1 1 + exp[a(r-R)jr1

(29)

where sc refers to the diffuseness parameter a and the half way radius R.
For the sake of simplicity the radius of the nuclear charge distribution
Ro is taken to be equal to R. The half way radius R is chosen to agree with the
nuclear radius as revealed

from the high energy

electron scattering

experiments performed on 160 nucleus; namely:
R-3.45

Fermi

and the diffuseness parameter a is
a = 1.538 Fermi'1
Precise

parameterizing

has

been

achieved

by

solving

the

corresponding eigen-potential problem after injecting the experimental values
for the position and width of two giant resonances of the reaction

15

N(P,y)

16

O

; namely:
vc = -45.2

Mev.

wc = -2.6

Mev.

vso = 851.9 Mev.
wso = 13.7

Mev.

The average energy of the two giant resonances is taken to be the scattering
energy E; namely:
E- 1.734 Mev.
The main objectives of this section are to compute for such potential,
as given by equations (24-29) together with its parameters, the scattering
phase shift and the eigen solutions that belong to the internal eigen value
problems that are subjected to Kapur-Peieris and Wigner-Eisenbud boundary
conditions for different values of tin the relativistic quantal frames. Thereupon,
the corresponding scattering amplitude including R-matrices are evaluated.
Now, both of the relativistic scattering equation as given by eq. (7) and
the corresponding internal eigen-value equation as given by eq. (9) integrated
by employing the algorithms that are developed in reference [11] to compute

the corresponding scattering phase shifts and the eigen solutions for different
values of.
For

each value of i the internal eigen solutions are extracted for

different values of the enumerating index n and for every choice of the natural
boundary conditions that are analogous to those of Kapur-Peierls and
Wigner-Eisenbud.
Figures (1-4) depict Kapur-Peierls

relationship between real and

imaginary-parts of the internal eigen functions fori-Qand

Vi e [1, 4]that

belong to relativistic frame.
From figures (1-4) one notes that the real part of the eigen functions
satisfies the wright number of nodes for Kapur-Peierls boundary condition.
Figures (5-8) depict dependence of the r-mathx on the number of
successive

truncations

(1-5)

for Kapur-Peierls and Wigner-Eisenbud

boundary conditions for different values ofi-O,

1, 2 and that belong to the

relativistic quanta! frame.
From figures (5-8) one notes that the absolute value of the R-mathx for
Kapur-Peierls is higher than that of Wigner-Eisenbud.

5- Summary and Conclusion
In this paper resonance scattering for a single particle is studied with
the purpose of developing a unified treatment that fulfills hermiticity-, and self
consistency- requirements, in the relativistic quanta! mechanical frame. The
main achievements can be outlined briefly as :
1- The adjoint of the Dirac matrix operator is extracted, where it is proved that
it is not self adjoint by it self. However and by employing the readability
procedure, after being extended, a matrix surface operator is identified, that is
required to restore its self adjointness. It is to be noted, that this supersedes
that of Halderson [4], since he could not identify correctly such surface
operator. This enables us to convert the scattering differential matrix equation
into an equivalent Lippman-Schwinger integral one.
2- A pair of relativistic dispersion relations are established, by expanding the
scattering vectors in terms of the eigen- vectors
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th$t belong to the

Figures ( I-4 ) : depict
imaginary-

parts

of

the

the eigen

relationship
energy

between

<s . for

boundary condition, for £=0 and n=l,2,3, and 4, at
of the channel radius

a«=[5 . 9 , 11-6]

Fermi,

that

real-

Kapur-Peier Is
twelve
belong

values
to the

relativistic quantal frame .
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corresponding internal eigen value matrix equation, which is subjected to an
arbitrary boundary

condition. Therefrom one can express the scattering

amplitude as a function of a relativized version of the R-matrix which can be
particularized by adopting two natural choices for the arbitrary boundary
condition that are analogous to those ofPeieris and Wigner- Eisenbud.
3- Both of the scattering differential equations and the corresponding internal
eigen-value equations, which are subjected to Kapur Peiehs, and WignerEisenbud boundary conditions, are computerized, for evaluating the exact
phase shift and searching for the associated eigen-solutions in the frame of
relativistic quantal mechanics. The corresponding R-mathces, as well as the
scattering amplitudes, are investigated.
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Artificial Neural Networks and Control
Dr. A.Y. Bilal
Prof, at Cairo University, and director of N.T.I.
1. Introduction:Artificial neural networks have emerged from studies of how human and animal
brains perform operations. Interest in artificial neural networks began in the early
1940s when pioneers, such as McCulloch and Pitts and Hebb, investigated
networks based on the neuron and attempted to formulate the adaptation laws
which applied to such systems. Since then, a lot of applications have been
developed to make use of these networks.
This paper reviews the state of art in the area of applying neural networks for
systems modeling and control.
2. Artificial Neural Network:
Artificial neural networks [2] are made up of individual models of the biological
neuron (artificial neurons or nodes) that are connected together to from a network.
The neuron models that are used are typically much simplified versions of the
actions of a real neuron. Information is stored in the network often in the form of
different connection strengths, or weights, associated with the synapses in the
artificial neuron models as shown in fig.(l).

\xon from

tner neuron

Fig. 1 Biological Neuron

Among the numerous attributes [1] of neural networks that have been found in
many application areas are:
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-

Inherent parallelism in the network architecture due to the repeated use of
simple neuron processing elements. This leads to the possibility of very fast
hardware implementations of neural networks.

-

Capability of 'learning' information by example. The learning mechanism is
often achieved by appropriate adjustment of the weights in the synapses of the
artificial neuron models.

-

Ability to generalize to new inputs .

-

Robustness to noisy data that occurs in real world applications.

-

Fault tolerance, in general, network performance does not significantly
degenerate if some of the network connections become faulty.

2.1 Artificial Neuron Model
The most commonly used neuron model is depicted in Fig.(2) and is based on the
model proposed by McCulIoch and Pitts [3]. As shown in this model, the output,
y, is obtained by summing the weighted inputs to the neuron and passing the result
through a non-linear activation function,
y=f
Axons

Synapses

Dendrites

Body

Axon
-—• V
Output
Non-linearity
Inputs

Weights

1
Bias

Fig. 2 McCulloch-Pitts neuron model.

2.2 The Multi-Layer Perceptron
The most popular neural network architecture is the multi-layer perceptron (MLP)
The network consists of an input layer, a number of hidden layers and an output
layer as show in Fig.(3).

Hidden
layer

Output
layer

Fig. 3. Multi-layer perceptron with one hidden layer
The output of each node in a layer are connected to the input of all of the nodes in
the subsequent layer. Data flows through the network in one direction only, from
input to output; hence, this type of network is called a feedforward network.
The network is trained in a supervised fashion. This output is compared to the
corresponding target output and an error is produced. The error is then propagated
back through the network, from output to input, and the network weights are
adjusted in such a way as to minimize a cost function [4,5].
An important feature of the MLP is that this network can accurately represent any
continuous non-linear function reacting the input and output. Hence, the MLP
network exhibits potential for many applications, including modelling and control
of real non-linear processes.
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2.3 The Hopfield network
The Hopfield network [6] consists of two layers and a Hopfield layer (Fig. 4 ) .
Each node in the input layer is directly connected to only one node in the Hopfield
layer. The nodes in the latter layer are neuron models previously described .
The output of these nodes are weighted and fed back to the inputs of all of the
other nodes.
Outputs (valid after convergence)

Hopfield
layer
/

^ 1 A

i
i

L

Inputs

Fig. 4 Hopfield network
The operation of the Hopfield network is as follows.
The trained network is used by applying an input pattern to the network. The
network outputs are then continually fed back through the weights until a the a
convergence criterion is met.
Applications have therefore been found where binary data is frequently present,
such as in image processing for reconstructing image from noisy data and for
pattern recognition in images irrespective of size, orientation and position [7]. The
presence of feedback in this network also makes it of interest for application to
modelling and control of dynamical systems.
2.4 The Kohonen Network
The main distinguishing feature of this network, from the MLP and Hopfield
networks [8], is that no output data is required for training. A Kohonen network
(fig. 5) is constructed of a fully interconnected array of neurons training involves
applying an input pattern to the network, consisting of a set of continuous-vallued
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data, and the output of each neuron is computed. The neurons are then allowed to
the input stimuli is found .
Only this neuron and neighbourhood neuron and neighbourhood neurons, within a
certain distance, are allowed to adjust their weights to become more responsive to
the particular input. This from of training has the effect of organizing the 'map' of
the output nodes such that different areas of the self-organizing properties and is
capable of recognition. Application examples of the Kohonen network include
recognition of images and speech signals.
Input
pattern

Adaptation
zone

Neuron with
largest
excitation

Fig. 5 Kohonen network

3. Neural Networks & Control
The field of control spans a wide range of applications.. At one extreme there is
scheduling of regulators to control electro-mechanical movement in manufacturing
processes. The tasks may be tackled using optimization methods through gradual
adjustment of steady state conditions. At the other extreme is the requirement for
precision control of very fast processes, as in the aeronautics industry. These
processes are usually accurately modelled using one or more linearized equations,
and are amenable to solutions using finely tuned controllers of very high order.
Neural networks have several important characteristics which are of interest to
control engineers:
-

Modelling because of their ability to be trained using data records for the
particular system model is obviated.
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-

Non-Linear systems. The networks possess the ability to 'learn' non-linear
relationships with limited prior knowledge about the process structure. This is
possibly the area in which they show the greatest promise.

-

Multivariable systems. Neural network, by their very nature, have many input

and many output and so can be readily applied to multivariable systems
- Parallel structure. The structure of neural networks is highly parallel in nature.
This is likely to give rise to three benefit: very fast parallel processing, fault
tolerance and robustness.
The main distinguishing feature of artificial neural networks, and arguably one of
the few characteristics shared by the vast majority of paradigms classified under
this heading, is that they are structured as non-linear adaptive filters [1,2],
comprising layers rof non-linear adaptive processing elements. This is described
symbolically in Fig. 6 The original perceptron, which is the role model of modern
network architectures, had just two layers of nodes. The first layer was called the
sensory layer, because it simply relayed [4].
BiasS

UN)
1-

Inputs

N
0

Threshold
device

Error

Learning
algorithm

U-y)

Target output

Fig. 6 Representation of a neural network as an adaptable filter
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This leads us to discuss the three basic elements from which evolved the modern
family of neural computing methods for dynamical systems. First, there is the
adaptive transversal filter introduced in 1960 by Widrow and Hoff [3], and shown
schematically in Fig. 7 This is a linear filter consisting of a tapped delay line,
commonly used today to enter data into neural network estimators for dynamical
systems. The description of the signal as a time series is familiar to practitioners in
modern digital signal processing. This filter architecture was the first to develop
the concept of layers of nodes, linked by scalar factors, and trained by gradient
descent according to a quadratic error function defined at the output nodes of the
network.
Input x,

Adjustable
weights w,,
Output o,

Target t,

Fig. 7 Linear adaptive filter using a tapped delay filter
3.1 Estimation (fig. 8,fig.9).
The doors to a general-purpose algorithm probably capable of modelling nonlinear processes [1].

Error

Fig. 8 Plant estimaors
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The associative properties of both sets of non-linear adaptive filter are expected to
result in robust and effective performance in both cases, which it is hoped will
supersede conventional methods of non-linear estimation and control, particularly
in processes where the non-linearities are hard to model accurately, and combine
with noise and time variability.

Plant

(Error

Adaptive network

Fig. 9 Symbolic representation of a neural plant estimator
A distinction must be drawn here between one-step predictors [9], for which
straightforward back-error propagation applies, and recurrent MLPs, which require
different training algorithms. The usefulness of a plant estimator in predictive
control depends strongly upon» its ability to model the plant accurately over
several time steps, even if upon its ability to model the plant accurately over
several time steps, even if a receding horizon is used,

3.2 Control
The availability of practical general-purpose adaptive filters for non-linear process
estimation makes it possible to implement a variety of control structures, which
herald a renaissance of earlier schemes, now released from the constraints of
piecewise linearity. In this section, the main themes running through the neural
computing approach to adaptive and non-linear process control are briefly
reviewed.
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3.2.1 Adaptive Critic for eventual feedback (Fig. 10)
This is a general-purpose control method aimed at minimizing long-range
prediction error. It employs a plant state evaluator which predicts the likelihood of
future plant feedback signals [9]. This type of control has provable convergence
properties [12], and it is suitable for controlling plant with qualitative scarce
feedback information.
Adaptive
Feedback
critic

Feedback
prediction

Hashing

Controller

Plant
\

Fig. 10 Adaptive critic for eventual feeedback
3.2.2 Copy Control (fig. 11)
There are situations where it is advantageous to copy an existing controller [1], for
instance where a human controller may be the most effective, yet the controlling
task may be laborious or repetitive and therefore best suited to automatic
implementation. Leaving the operator free for other more important tasks. Neural
networks are then used mainly as association memories, storing a previous history
of controller commands, and interpolating between the sampled plant states used
during training.
Plant
Set point

Controller
Error

Adaptive network controller

Fig. 11 Copy control strategy
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3.2.3 Predictive Control (Fig. 12)
The next step in controller design for dynamical systems is to estimate plant
behaviour, and use these estimates to design an optimal controller [9], minimizing
a cost function of the form:
J=^ [setpoint (t) - y (t) ] 2 + u[u(t) -u (t-1)] 2
This control structure does not require inversion of the model, and is therefore
suited to control highly non-linear plant, as occurs, for example, in the chemical
industries.
Set Domt
Non linear
optimizer

Plant
Error

Adaptive network

Noise filter

Fig. 12 Neural predictive control strategy
3.2.4 Differentiating the model (Fig. 13)
This is a way of using the predictor adaptive network to compute the effective
Jacobian of the plant, allowing the error in achieving the set point to propagate,
through the plant, to correct the controller settinfisflOI.

Adaptive network controller

Error back-propagation path

Fig. 13 Differentiating the model
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3.2.5 Model reference control
The block diagram in Fig. (14) shows the trimming described in a paper [33] that
preceded the publication of the BEP algorithm [11]. At the time the approach was
intended for adaptive control by linearizing the plant, but it can be extended using
non-linear filters. When the plant is not invertable, for instance non-minimum
phase, this requires coupling it with a reference model.

On line
Uniform noise

Plant noise

Set
pomi

Offline
Model-reference inverse

Untiorrn
noise

lyl

It/I

Adaotive network ccov

\
MP'

Error

Reference model

iu)

M

Noise cancellation

Uniform
noise

lu)

Adaptive network copy

(u)

\Y)

Error

Hu)

Fig. 14 Model reference control through plant inverse with nose cancellation
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4. Neural Networks Control for Energy Systems:
Since Neural Networks can learn and adapt on-line, they make it possible to model
and control complex physical phenomena that are not fully understood, this makes
them ideal for a large variety of applications, two of such applications will be
given as follows:
4.1 Optimized Control of Electric Arc Furnaces (fig. 15)
Steel scrap is melted in electric arc functions to produce high grade steel. Even
though the energy in the primary fuel is not used for direct heating, but instead
converted into electrical energy, the overall efficiency of such plants is so high that
they account for 3Q% of all raw steel produced world-wide. Because of the
unavoidable changes in furnace parameters that occur during the melting process,
no generally accepted control system capable of providing optimal energy
utilization throughout the operational period.
The arc furnace is unbalanced load with non-linear time-dependent characteristics.
In Fig. 15, a new analytical model combined with a neural network to form a
hyprid model, the neural network can be adapted and optimized on-line.
In Krupp Nirosta, Germany, [12] they found that it reduces energy costs by over
DM 1.5 million per year for a furnace that has a run-off weight of l50t and a
capacity of 720,000 t/a.

Optimization
with hybrid
model

Impedence
regulator

Furnace

Current, power, wan temcerature

Fig. 15 This hybrid model optimizes the operation of an electronic arc furnace
under constantly changing condions
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4.2 Cellulose Production & N.N. (fig. 16)
Cellulose is produced in reactors with volumes on the order of 250 m3. One factor
that influences its quality is the concentration of permanganate during the heating
process.
This depends on: the quality of the wood, temperature and pressure during
cooking, the concentration of the chemicals, the heating period and the reaction
time; the time it takes for the lignin to dissolve.
As the permanganate concentration can not be measured while the processing is
running , it has to be estimated. Therefore, the cocking time, which is related to the
required permanganate concentration, has to be predicted on the basis of the
available measurements. What is required is a model to predict the required
cooking time from measurable process variables and the required cellulose quality.
A neural model of the cooking procedure [12] designed to accurately predict the
time required for the reaction has been tested at Cellulose do Caima (fig. 16). the
result has been a 30% improvement in the quality of the cooking process as
compared with the results of the previously used analytical model.

Quality - Permanganate
concentration PN

sure

-

Analytical??
* • •

•

•

•

-

•

•

•

<

Fig. 16. At Portugal's Cellulose do Caima, a control method supported by neural
network has improved cooking quality by 30%
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5. Conclusion:
From the above discussion, we have seen that the Neural Network has a lot of
applications in the area of industrial systems and control, because of its ability of
learning and adaptation for real-time computations. Research is underway to
expand its field of application, by creating new networks architecture, to cover
more complex problems in control systems that can not be solved by traditional
methods.
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ION-SIZE SELECTIVITY OF SOME INORGANIC ION EXCHANGERS
AND SEPARATIONS OF RADIONUCL1DES
J.NARBUTT, A.B1LEWICZ and B BARTOS
Department of Radiochemistry, Institute of Nuclear Chemistry and Technology,
PL-03195 Warsaw, Poland

Abstract:

Inorganic ion exchangers have been considered: crystalline antimonic(V) acid, a-

crystalline manganic acid (a-MnO2). and hexacyanoferrates(II) of various transition and alkali
metals - very selective sorbents for metal ions of the given ranges of ionic radii: 95 - 120 pm, 135 155 pm, and over 150 pm, respectively. The reasons of the ion-size selectivity are discussed and some
applications of these sorbents in radiochemistry and nuclear technology are presented.

Key words: ion exchange, selectivity, crystalline antimonic acid, a-crystalline manganic acid,
transition metal hcxacyanofcrratcs(II). radionuclidcs. ion size

INTRODUCTION
In radiochemical practice there is often the necessity for separating radionuclides of
alkali or alkaline-earth metal from one another, or to remove nonponderable quantities
of a radionuclide from large amounts of similar nonradioactive species. Because of
chemical similarity of the elements within each group it is not always easy to separate
them selectively. Rather poor complex formation ability of the s-block metal ions
means that their ionic radius is the main factor which could differentiate the ions to a
significant extent in separation processes. Ion-sieve effect is well recognized in ion
exchange separations, but not much pronounced in the case of ion exchange resins
because of their elastic, easily modified structure On the contrary, some crystalline
inorganic ion exchangers of well defined rigid structure containing ion-exchange sites
of dimensions suitable to fit totally desolvated metal ions, appear to be very selective
sorbents in this respect, and often have very high separation coefficients for cations of
two metals neighbouring in a Group. The selectivity is particularly high if the
exchanged ions of appropriate size occur in microamounts and occupy only a small
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part of the sorbent sites (near zero loading), which is often the case involving
radionuclides.
The advantages of inorganic ion exchangers over ion-exchange resins consist not
only in better selectivity but also in much greater radiation and thermal resistance of
the former, which is very important in nuclear industry. This superiority has been
appreciated for decades and resulted in a great number of research works in the field.
Numerous monographs and reviews have been published, dealing with inorganic ion
exchangers and their nuclear applications, e g [1-6].
The variety of forms and modifications of numerous inorganic ion exchangers
makes problems common for non-stoichiometric solid compounds, in particular poor
reproducibility of their composition and properties. Rather complex chemistry of
sorption processes on some inorganic ion exchangers, resulting from the diversity of
ion-exchange sites, interactions of ions with various atoms and other fragments of the
sorbent framework, steric hindrance problems, etc , explains why mechanisms of these
processes often remain obscure.
From among a great number of inorganic ion exchangers of a molecular sieve
structure three types of sorbents have been arbitrarily chosen for this review, which are
selective for medium and heavy metal ions of the first two groups of Periodic Table
These are. crystalline antimonic(V) acid, a-crystallme manganese dioxide (or
manganic acid), and hexacyanoferrates(II) of various transition metals. The selectivity
of these sorbents towards metal ions of given ionic radii will be discussed in this paper,
basing on literature data with special emphasis put on the work carried out in this
Department. Also some practical applications of these ion exchangers will be
presented, related to selective sorption of certain radionuclides.

CRYSTALLINE ANTIMONIC(V) ACID
Crystalline antimonic(V) acid (CAA), sometimes known as its modification after
thermal treatment - hydrous antimony pentoxide, is an ion exchanger of very high
affinity for N a \ Sr* and some other ions [7-10]. Its synthesis, properties and structure
have been studied by numerous authors for many years. In a paper by Fedoroff et al.
[10] the details are discussed of the CAA structure and its changes accompanying
sorption of strontium. The CAA formula may be represented as SbiOj.nF^O, where
usually n = 3 to 4, and different kinds of water molecules can be distinguished. The
open lattice structure contains eight cavities per unit cell, connected with each other by
hexagonal windows of ca. 300 pm in diameter The negative charge of the framework
is compensated by exchangeable cations, e.g. H3O+, located in exchange sites. Two
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types of the sites have been discerned: at low pH and small amounts of the metal ion
only the first-type sites operate, located near the centres of the hexagonal windows
[10].
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Fig. I. Dependence of the distribution coefficient of metal ions in the system CAA - 1 M HCI
on their ionic radii [ 111

Sorption of radionuclides of the elements belonging to the s- and f-block of
Periodic Table was studied in this Department [11], using commercial CAA of the
composition determined as Sb2O?.2.54H2O [10], obtained from Carlo Erba, Italy. The
concentration of the metal ions in the hydrochloric acid solutions studied did not
exceed 10"5 mol dm"3. For all the metals investigated linear relationships were observed
on the log-log plots of the distribution coefficient (Kd) vs. HCI concentration, the
slopes being nearly equal to the valency of the exchanging ions. This indicates that the
adsorption proceeded predominantly through ion exchange. The K^ values determined
in the HCI solutions are consistent with those reported by Abe et al. [8,12] for the
CAA-HNO3 systems. Fig. 1 shows the relationships between Kd and ionic radii for the
three groups of the metals studied in the system CAA - 1 M HCI. All the ionic radii
values are Shannon's effective ionic radii [13] and refer to CN 6. The maxima
observed on the curves for mono- and divalent ions correspond with the radii in the
range of about 100 to 120 pm (Na\ Ca:", Sr~). Also the second, less distinguished
maximum has been found for Rb^ (155 pm), corroborated by an inflection on the
divalent-ions curve, between Ba2+ and Ra 2 \ The question is open whether the two
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different maxima denote the existence of two types of exchange sites in CAA,
nevertheless because both are observed at the same low pH, none is the weak acidic
site reported by Fedoroff et al [10]. The appearance of such steep maxima corresponds
with very high values of separation factors for certain pairs of homologue elements in
every Group. There are probably two different reasons which result in the appearance
of these maxima: 1) steric hindrance of the rigid, crystalline structure of the sorbent
against entering too large ions; and 2) necessity of total dehydration of the ions before
entering the sorbent structure, which causes that too small, strongly hydrated ions
require too much energy for dehydration.
The Kd value corresponding to Ce3+ is probably not the maximum of the curve for
the f-electron elements, because the larger La3+ ion should have a greater Kd, as is the
case for H N 0 3 solution [12]. Moreover, following the relation between Ca2+ and Sr2+
one can expect that the highest Kd value in the group of trivalent ions would be
observed for Ac3+ (112 pm). However, as to the authors' knowledge no data on
actinium sorption on CAA are available.
The results of our studies on ion exchange of some transition metal ions ( A g \ Z n 2 \
Cd2+, Hg 2+ ) in aqueous solutions of complexing species (hydrochloric acid or
ammonia) [14] are consistent with the conclusion on the ion-size recognition by CAA
(the sorbent was converted into the K+ form when alkaline ammonia solutions were
studied). At not too high concentrations of the complexing species CAA very strongly
adsorbs the ions whose radii fall in the range of 95 - 115 pm (Cd2+, Hg2+, Ag + ), while
the small (74 pm) Zn2+ ion is only moderately sorbed. Complex formation by the metal
ions in the aqueous phase at higher concentrations of the complexing species decreases
the sorption of the ions. The sorption from that solution is therefore accompanied by
decomplexation of the ions. The slopes of the log-log plots of Kd vs. concentration of
the complexing (solvating) agent correspond to the number of ligands released from
the first coordination sphere of solvated ion when transferred from solution to the
CAA phase [14]. Thus, assuming that the stoichiometry of the complex or solvated ion
in the solution is known, we easily estimate the number of remaining ligands bonded to
the ion adsorbed in the crystal lattice In this way we concluded that the bare (as
expected), large Ag+ ions and only partly desolvated Zn(NH3)2+ ions had been sorbed
[14]. An interesting comparison can be made with adsorption of ammonia complexes
of the same metals on hydrous titanium oxide (HTO). Because HTO forms coordinate
bonds with the adsorbed transition metal ions but the sorption is not ion-size selective,
only slightly desolvated species, Ag(NH3)^ and Zn(NH 3 ) 3 2 \ were sorbed [15]. A
similar effect of complexing chloride ions on K^ has been observed for Cd2+ and Hg 2+
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ions which have a very high affinity to CAA but also form strong chloride complexes

[14].
The ion exchange selectivity for certain ions makes CAA a useful sorbent for
nuclear chemistry. Its possible application for radiostrontium removal from liquid
nuclear wastes was discussed [10,16]. AJthough slow kinetics of strontium sorption,
when present at ponderable concentrations [9,16,17], and competition from Na+ and
Ca"+ ions if present in the waste [10,16], cause serious limitations, nevertheless,
effective removal of 8?Sr tracer from the simulating alkaline Hanford nuclear waste (5
M Na+) on composite CAA in polyacrylonitryle matrix [18] has been observed [19].
CAA has been used for a long time in neutron activation analysis to remove
interferences of activated 24Na from samples of biological materials [20]. In order to
improve poor mechanical properties of crystalline CAA and to avoid clogging of the
column, we used instead the composite sorbents containing up to 60% CAA in
phenolformaldehyde or styrene-divinylbenzene resin matrices [21], which selectively
removed 24Na+ from irradiated biological samples dissolved in fairly concentrated (5 8 M) solutions of HCI [22] or HN0 3 [23].
It has been also found that CAA is a good sorbent for radium. High Kd values have
been observed for carrier-free 22JRa after 3h shaking in the system CAA - 0.1 M HCI;
the composite ion exchanger (60 % CAA) was found to be only slightly less effective
[24].
Small columns with the CAA bed were used as effective radionuclide generators.
Fast procedures of milking very pure ^Y from ^Sr [11] and II5mIn from !15Cd [25]
with 1 M HCI solutions have been elaborated. Recently, CAA was suggested as the
final sorbent for extremely small quantities of 24Na in a radiochemical separation
procedure designed [26] for studying the effects of expected "cluster" decay of 232Th
nuclei. It is estimated that several thousand 24Na atoms (formed via 24Ne) would exist
in equilibrium with 10 kg natural thorium. Before 24Na+ sorption in a small CAA
column the other decay products will be removed by other sorbents [26], including
CMA described in the next chapter.

a-CRYSTALLINE MANGANIC ACID
Ion-exchange and sorption properties of hydrated manganese dioxide have long
been known [27]. They depend to a large extent on the composition of the sample, its
structure and surface. Numerous natural and synthetic manganese(IV) oxides are
known, of the composition from MnOi 7 to Mn02.o, regardless of the presence of
foreign cations, OH" ions and H2O. The crystalline ion exchanger we call "ot-crystalline
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manganic acid" (CMA) relates to the a-MnO 2 form, isostructural with cryptomelane
KMn8Oi6 and hollandite BaMn8O16 The a-phase is characterized by a foreign ion
content. Its tunnel structure (with a pore opening of about 460 pm) consists of the
double chains of MnO6 octahedra with an identity spacing of about 286 pm, grouped
around sufficiently large cations, e g K' [27]
The CMA synthesis and properties have been described by Tsuji and Abe [28,29].
The sorbent was obtained by precipitation from KMnO4 and MnS0 4 solutions in 1 M
H 2 SO 4 , followed by potassium leaching with 13 M HN0 3 After washing and drying,
the product had the composition MnO2 0.3H2O (with a small content of K+ ions), and
of slightly modified lattice constants as compared to the original a-MnO 2 form [28].
CMA shows an excellent ion exchange selectivity for alkali and alkaline earth metal
ions of ionic radii of about 140 pm (K\ Rb~, Ba2"), the log-log plots of Kd vs. H N 0 3
concentration yield straight lines with the slopes corresponding to the metal valency
[28]. AJso divalent transition metal ions are effectively sorbed from dilute H N 0 3
solutions by ion-exchange mechanism [30]. Remarkable ion exchange selectivity of
CMA is considered, as is the case of CAA, to be the result of ion-size recognition by
the crystalline structure with vacancies of about the same dimensions as the size of the
selectively exchanged ions [29], although the reason of the extremely high CMA
affinity for Pb2^ ions may be different [29]
Our practical interest in CMA has resulted from the need of elaborating a fast
method for determining low concentrations of radium in coal-mine waste water of
high salinity [31]. Contamination of the water with

226

Ra and

228

Ra makes serious

environmental problems in the regions of Upper Silesia (Poland), North-Rhine
Westphalia (Germany), and elsewhere [32]. A technology for underground radium
precipitation has been successively tested in Silesian coal mines [33]. Excellent CMA
selectivity for Ba2+ and the proximity of ionic radii of Ba2+ (135 pm) and Ra2+ (142
pm) were promising of effective radium preconcentration from saline (mainly NaCl)
water without sulphate precipitation step.
Preliminary studies on radium removal from synthetic and genuine samples of coalmine water were carried out with the use of a small column filled with 0.1 g CMA
prepared following Tsuji and Abe procedure. The sorbent was transformed into Na +
form. Both non-isotope and isotope tracers:

m

B a and

224

Ra were used. The

radiotracers were selectively and quantitatively adsorbed on the CMA bed from 100
cm3 solution and eluted (about 95%) with 2 cm3 8 M HN0 3 [34], making it possible to
prepare the samples for a-spectrometry.
Systematic studies with the use of radiotracers have been carried out in this
Department on the CMA ion exchange of the s- and f-block metal ions in nitric acid
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solutions [35]. Fig.2 shows the dependence of Kd on the ionic radii. The selectivity
maxima have been observed for the ions of the 135 - 155 pm radii, well corresponding
with those observed in [28]. The data include also Ra24 which is even more strongly
sorbed than Ba"+, and its sorption obey the ion exchange mechanism [35]. Excellent
sorption of ammonium ions (143 pm) from dializate solution in artificial kidney has
also been observed [36].
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Fig.2. Dependence of the distribution coefficient of metal ions in the system CMA - 1 M HNO3
on their ionic radii (35)

Attempts

to modify

the structure of CMA by precipitating a-MnO 2

by

permanganates of other cations instead of K' were also undertaken [35] in the hope of
obtaining sorbent of still better radium selectivity. In fact, the CMA samples
precipitated with Rb+ and N H / salts have greater separation factors for the Ra2+-Ba2+
pair (a= 4.48 and 3.28, respectively) than the original sample (a=2.17), and their
structures have been identified as a-MnO 2 [35]. On the contrary, the samples
precipitated with Na* and Csf permanganates have different structures and these
sorbents are less selective for large ions. Our experience emphasizes the role of strong
acid in obtaining sorbent of the required a-MnO 2 structure [37]. It is noteworthy that
manganese(IV) oxide precipitated from neutral solution of the same (MnSO 4 +
KMnO4) components have a different structure and completely different ion exchange
selectivity [38].
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One can expect still more frequent radiochemical uses of the CMA selectivity. For
example, small columns filled with CMA have been proposed to remove the decay
products 232

224228

Ra and

2l2

Pb - in the designed experiment on the "cluster" decay of

Th (see above) [26].

TRANSITION METAL HEXACYANOFERRATES(II)
Hexacyanoferrates of transition metals are perhaps the most intensely studied group
of inorganic ion exchangers. Hundreds papers dealt with their properties and structure.
That is obviously due to the great practical importance of the hexacyanoferrates as
selective sorbents of radiocaesium In this respect hexacyanoferrates find numerous
applications - from preconcentrating trace amounts of radiocaesium for environmental
analysis and decorporating it from internally contaminated cattle, to radioactive waste
treatment [3,39]. Since recently, the mixed potassium-cobalt hexacynoferrate is being
used to treat concentrated liquid radioactive waste (evaporator bottoms) from Finnish
NPP Loviisa in the large industrial-scale column process [40]
There is a great variety of water-insoluble hexacyanoferrates formed by various
transition metals and also alkali metals (as supplementing cations), forming mixed
hexacyanoferrates of different ratios of the metals. The existence of so numerous
species of various compositions and structures makes a difficulty in preparing strictly
defined compounds of reproducible properties. Many authors sought correlations
between the structure and ion exchange properties of hexacyanoferrates and studied
the effect of preparation methods on their properties. A question arises whether the
selectivity of these sorbents is also due to the effect of ion-size recognition.
Studies by Lehto at al. [41] seem to give the affirmative answer. The exchangeable
+

K ions are located in the body centres of the elementary cubes of the K 2 CoFe(CN) 6
lattice. There is only one type of the exchange sites, of the size well matched that of
the K+ and Cs+ ions, determined by a regular pattern of the FeC6 and CoN 6 cornershared octahedra, as is the case of cubic hexacyanoferrates of other transition metals
[42]. The exchange of K+ for Csv does not cause any drastic rearrangement of the
lattice; only a slight increase in the lattice parameter has been found. The exchange
process is assumed to involve only the outermost surface layers of the crystals; the
effective ion-exchange capacity being much less than the theoretical value [41].
However, many other transition metal hexacyanoferrates, sometimes of very
different composition and structure, are very effective caesium sorbents as well [3].
This

relates,

for

example,

to

trigonal

Zn2Fe(CN)6.2H2O

[43],

rhomboedral

Na2Zn3[Fe(CN)6]2 [44], etc. That is unlike the case of ion exchangers exhibiting the
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effect of ion-size recognition, e.g. manganese(IV) oxides, where differences in
structures result in drastic changes of ion-exchange selectivity [27]. The rhomboedral
structure of Na 2 Zn 3 [Fe(CN) 6 ] 2 is formed by FeC6 octahedra linked to ZnN 4 tetrahedra
by the CN bridges; its very large cavities accomodate not only single ions of alkali
metals but also some water molecules [44]. We assume that the reason of strong Cs+
sorption by hexacyanoferrates of various structures may result from high affinity for
Cs+ of these structural units which can be the ion-exchange sites. This assumption is in
accordance with the evidence that the ion exchange has been assisted by
"chemisorption", arising from the observed changes in the electron density distribution
at the Fe nuclei, caused by caesium sorption on cubic sodium-copper hexacyanoferrate
[45].
The highest Kd values observed for the largest ions: Cs+ (among monovalent) and
Ba"+ (among divalent) [3] mean that no maxima have been found on the plots logK^
vs. ionic radius for alkali and alkaline-earth metals. However, the reason for that may
be simply the lack of comparable data for the largest ions: francium and radium. It has
been found indeed that mixed hexacyanoferrates of zinc and particularly of nickel
have high affinities for

223

Fr and rather poor for

223

Ra [24], but because of different

experimental conditions the Kd values can hardly be compared with those for caesium
and barium. An indirect evidence for the existence of the maxima, at least that for
alkali metal ions, is in observation that for most hexacyanoferrates studied the
separation factors for the Rb'-K* pair are distinctly greater than those for Cs-Rb 4
[46],
The question is still open whether the sorption of alkali and alkaline-earth metals on
hexacyanoferrates occurs according to simple ion exchange, or not. In the case of
some hexacyanoferrates the slopes of straigt lines in the log-log plots of Kd vs acid
concentration correspond to the metal-ion valency, but for some others they are
different [3]. Also different are conclusions as to the reversibility of alkali metal
sorption on various hexacyanoferrates. Two different mechanisms of caesium fixation
on transition metal hexacyanoferrates, depending on their composition and structure,
have been proposed by Loos-Neskovic and Fedoroff [47]: fast ion exchange with no
structural changes on mixed hexacyanoferrates of nickel, zinc, etc., and slow
substitution of zinc ions, involving structural changes, in pure zinc hexacyanoferrates.
Apart from large alkali metal ions, very good sorption of much smaller ions of some
transition metals have been observed on various hexacyanoferrates. However, very
effective fixation of A g \ Pd 2 \ Zr4' etc. is presumedly the effect of formation of strong
«~Jy insoluble hexacyanoferrate or cyanide complexes of these cations, following the
ion exchange, with substitution of the transition metal ions in the sorbents [48-51].
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Our works were mainly focused on the composite metal hexacyanoferrates [21].
These sorbents, originally developed for radiocaesium removal from the primary
coolant of pressurized water reactors WWER-440 [52], have found some other
interesting applications, recently reviewed in detail [53]. The composite transition
metal hexacyanoferrates were used for:
-

l37

Cs and

l34

Cs removal from various liquid wastes and coolants of spent nuclear fuel

of research nuclear reactors;
- removal of

I34

Cs impurities from 86Rb preparations;

- analytical preconcentration of radiocaesium from large volumes of water, milk, etc.
[53].
Slow kinetics of radiocaesium sorption from very concentrated salt solutions [19,52]
limits the applications of the composite transition metal hexacyanoferrates with the
phenolformaldehyde matrix for purifying radioactive waste of this type.
Apart from those described above, the composite hexacyanoferrates have found
other radiochemical applications - as selective sorbents for short lived nuclides of
francium and element 104. On-line column separation of 223Fr from its daughter

223

Ra

made it possible to measure precisely the gamma spectrum of the parent [54]. Thin
layers of potassium-cobalt hexacyanoferrate made it possible to perform very fast
chemical separation and determination of single atoms of the short lived (78 s) nuclide
of element 104 in the experiments on its hydrolysis [51].

CONCLUSIONS
The following

inorganic ion exchangers have been considered:

crystalline

antimonic(V) acid, a-crystalline manganic acid, and hexacyanoferrates(II) of various
transition and alkali metals, which are selective sorbents for metal ions of the following
ranges of ionic radii: 95 - 120 pm, 135 - 155 pm, and over 150 pm, respectively. Each
sorbent has a well defined crystal structure with open vacancies of a given size, capable
of accomodating the ions. The negative charge of the framework is compensated by
exchangeable alkali metal cations or hydrated protons located in the vacancies. The
selectivity of these sorbents towards metal ions of given ionic radii is the result of good
fit of the dehydrated ions to the ion exchange sites. It is assumed that too large ions
meet steric hindrance of the site, while too small ions require very high energy for
dehydration or - if sorbed only partly dehydrated - meet steric hindrance as well. As a
consequence, distinct maxima appear in the plots logKd vs. ionic radius for metal ions
of the same charge; the phenomenon called "ion-size recognition". The ion exchange
takes place with no appreciable changes of the sorbent structure.
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In the case of transition metal hexacyanoferrates, presumedly, another reason of the
observed selectivity for large alkali metal ions also operates - some specific interaction
between the easily polarized ion and the sorbent framework. The cases are also known
of unusually strong sorption of some mono- and multivalent ions of transition metals
by formation of defined chemical compounds with the hexacyanoferrate or cyanide
ions.
The ion-size selectivity of inorganic ion exchangers is of great importance for ion
exchange separations, in particular of alkali and alkaline earth metals, and finds
numerous applications in radiochemistry and nuclear technology.
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Suitability of the supported and emulsion liquid membranes
for trace metals and radionuclides recovery from aqueous
solutions is critically assessed and generalized issuing
particularly from the works which have been done at the
Department of Nuclear Chemistry during the last decade and
published in about 30 papers.
Liquid
membrane
processes
possess
superior
preconcentration and cleaning capability for trace metals and
radionuclides and allow to use even expensive but selective
and resistant extraction reagents (carriers). Kinetic effects
can be used for specific separation with substoichiometric
concentrations of carrier or at another moderate feed
distribution ratios.
Breakdown of membranes, transport of acids, and formation
of surface active radiolysis products, are considered to be
principal source of inconvenience in the liquid membrane
separation systems.

HISTORICAL BACKGROUND

Cussler

demonstrated possibility and high efficiency of liquid

membrane transport of metals activated by complex compound
r 21
and Tien
in

this

outlined a perspective of organized monomolecular layers
respect.

appearance, about
both

formation

supported

During

the

first

decade

seventy works concerning

liquid membrane
119

after

the

the metal

(SLM) and emulsion

first

paper

separation

liquid

in

membranes
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[3]

(ELM) systems have been published (see Misianik et al.

).

Interest

in lanthanides and actinides separation is outlasting (Danesi et al.
[4-6] M
.
. . [7]
, Myasoedov et al.
, Kopunec et al.
obviously due to
diverse

needs

of radioactive

wastes

treatment.

Some

projects on

precious metal recovery from low grade sources (Marr and Kopp,
,
118]
Boyadzhiev and Lazarova
) were brought to more or less successful
pilot-scale process, however they still remain noncompetitive with the
solvent extraction flowsheets. In present survey an attempt is made to
clarify some aspects of the present state-of-art.
In the early period of liquid membrane applications the attention
to the chemistry of the process was not quite sufficient: majority of
existing

on hydrodynamics and
[19]
engineering
problems
(Schlosser
and Kossaczky
,
Wankat
[20,21] _
. [22]r
,
.
_
r
• • i
i * / *. i *
.Teramoto
of membrane transfer of principal solute (metal)
and

models

less

phenomena

and experiments

attention
in

was paid

concentrated

to the complex

the three-phase

of physico-chemical

(three-compartment)

systems.

Even

advanced works (see e.g. Danesi's, Noble's and Teramoto's papers) are
lacking confrontation with actual solvent extraction processes. In our
opinion, many
exception,

growing-pains,

could

the work

have been saved

of our department

by more

rigorous

being not

implementing of

solvent extraction chemistry models and data.

PHENOMENOLOGICAL LINKAGE TO SOLVENT EXTRACTION
What

can be extracted

for membrane

separation

of metals

from

solvent extraction ? A lot - when the dynamic character of membrane
processes is not exaggerated (in vain) as a barrier for such approach.
Solvent extraction (SX) steps are as usual:
extract ion
Feed solution
I

Extraction solvent
S

and

stripping
Extraction solvent Stripping solution

II
Liquid membrane (LM) separation proceeds in one stage:
-»
pertraction -*
Feed solution

Extraction so vent Stripping solution
(membrane
S(M)

II

The question is, how the different arrangement of the same matrices
120
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will change the final result of the separation process.
The driving force of solute transfer from one matrix to another is
always

represented

by

the

difference

of

chemical

potentials

(ji)

between each pair of compartments, regardless their boundaries, and
equilibrium
formalism

corresponds
is

to

essentially

their

the

equality.

same:

each

Therefore,

equilibrium

equilibrium
between

bulk

phases is characterized by distribution ratio D of solute (D ~ c /c
and

D

= c /c
o

XX

material
r

) and

separation

yield

of

solute

issuing

from

its

XX

balance

at

respective

phase

ratios

(r - V /V ,

= V /V ).
II

S

II

Maximal gross yield of SX is limited by the yield
step, R

- D r /(1+D r ), because
bA

ultimate

XX

in extraction

the yield of stripping may

affect

XX

yield

only

in

negative

direction.

Unlikely,

global

equilibrium state in LM systems is predetermined by, usually very low,
chemical

potential

in

stripping

compartment,

the maximal

yield

of

membrane extraction being
p
D r
y
i

R

= —

1

+

P

i

—

D

i

r

(1)

i

[23-25]

where p
y = 1 + 1/D

r
is the pertraction
factor
which is the
K
II II
simplest multiplicator
(p £ 1) which can be easily applied for
comparison of LM equilibria with single solvent extraction step
r 26—301
(Fig.l)
. It is important that this factor derived from
empirical

distribution

ratios

covers the recovery at non-linear
[311
isotherms of distribution as well
and represents a limit value

even for non-equilibrium ELM systems. In this way, the one step of
batch membrane extraction
repeated

solvent

multiplication

(usually ELM) is equivalent

extraction

factor N=

steps yielding

log(l-fl

the

same

to number
recovery,

of
the

)/log(l-/? ). In case of LM higher

MX

SX

yield of separation is achieved at lower volume of final matrix and
the preconcentration by LM technique is also better as compared with
[29]
the same amounts of phases S and II in SX process
, namely by
factor
Q = 1 + (p - 1)/(1 + p D ^ )

(2)

which indicates significantly better performance at lower D

r

and

follows the N value - see Fig.2. This factor is of importance not only
tyc. pi

for analytical purposes
solutions
• ' '

'

ii

'

oo 1

'

but also for e.g. trace uranium

and
radioactive
wastes
preconcentration
. I n latter case, cleaning efficiency of batch LM process
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•

R

—

,

—
—
-~
-

Q
•

it m
Fig.l

Yield of membrane extraction
- Eq.(l)

JfU'

Fig.2 Relative preconcentration efficiency - Eq.(2)

log(Duru)

Fig.3 Minimal relative cleaning
efficiency - Eq.(3)
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Fig.4 Half-time of solute
recovery - Eq.(4)

F.MACA§EK, 6th Conference of Nuclear Sciences and Applications
Cairo,
March
15-20, 1996.

in respect of feed solution (=1-/? ) can be obtained as compared with
relative SX performed with infinite small fractions of solvent and
[25]
then stripping solution
(the best conditions for SX and worst for
LM process) as
E=

il+pDiri){l-[l-exp(-Diri))[l-exp(l-p))}

(3)

The LM efficiency is convincingly better for waste exhaustment at high
D r

and low D

r

values (Fig.3).

The Figs.1-3 illustrate that from the view of separation yields,
economy of solvents and degree of preconcentration the LM technique is
favorable when the parameters of the extraction step (i.e. also at the
feed side of membrane) are somewhere in the region -2 < log(D r ) <1
x l
[27]
Therefore, at given thermodynamic parameters of separation system,
the liquid membrane recovery of solute is advantageous when on the
feed side: (i) activity coefficient of the solute to be pertracted is
low, e.g.

in moderately complexing

(masking) media,

(ii) extraction

distribution ratio of separated solute is low due to small extraction
constants or excess of solute or
caused

by

its

low

solubility

low concentration
or

of

availability,

the

i.e.

carrier

always

at

substoichiometric (subequivalent) amounts of extraction agent, (iii) a
relatively small amount of extraction phase must be applied due to
cost of solvent or large volumes of feed.
Thus,

in

expensive

nuclear

field

taylor-made

LM

but

provides

possibility

selective,

to

chemically

use

and

even

radiation

resistant carriers.

MASS TRANSFER ACCELERATION
If

the

transport

of

a

solute

through

liquid

membrane
-2

Fickanian

law,

J = K* (c - c
boundaries
membrane

then

the

) where

c's

and

(m*s

K

is

solute
are

internal

concentration

) proportional

flux

density

(mol*m

concentrations

mass

transfer

at

obeys
*s

)

is

membrane

coefficient

to diffusion coefficient

a

-1

of solute

in
in

membrane and inversely to the thickness of diffusion layer. From this
oversimplified model, a kinetic law for LM can be derived as
ln(l - R/R ) = kt

or

00

R = R

(1 00

where R is actual yield of pertraction and R
time which

e'kt)

can reach R

value derived
MX

123

is the yield at infinite

from global

equilibrium

in
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three-phase system.
In treatment of experimental results the term 1-R/R

is often

00

replaced by simple ratio of actual concentrations of solute in feed to
its initial value, i.e. c /(c ) , what is however substantiated only
for

the

more

or

less

full

final

pertraction

when

R

si.

Unfortunately, the last condition is often far from reality and both
the

rate

constants

k

are

underestimated

and

data

groundlessly

extrapolated to the area where R would even exceed the theoretical
limit given by the R

value.

HX

When the kinetic curves of membrane extraction are analyzed without
consideration of R

value, the role of stripping agent on the rate of

00

process may be easily overvalued: the slope analysis at short time of
permeation give apparently

lower data for k's obtained at weaker

stripping solution only because of neglecting R <1. The rate constant
[24 29]
°°
k can be considered
'
as a product, k = k k of hydrodynamically
h d
influenced part k = P/V (P is permeability coefficient and S is
h

I

efficient membrane area) and distribution dependent part k . Local
d

equilibria at the membrane interface differs from those in bulk phases
because at least three diffusion layers (one in each phase)
transfer.

Nevertheless,

c =(c D + c D )/2
H

II

the

are

relations

good

c -D c ,

approximations

II II

c =D c
for

mass
and

existing

\OA oci

concentration profiles and k

is obtained

'

as

d

k

- 2pD /R

d

Up-l)

I fix

i.e. the transport is influenced by stripping boundary distribution
mainly in the region of low D

values. For better comparison, the

half-time of recovery, i.e. the time when R reaches 50% (valid for
R

> 0.5) is

MX

T/r

- R
I

which

(l-2p)/2pD r 1M1-0.5/R
1 I

HX

shows

that

low

)

(4)

HA

D r

values

diminish

time

for

recovery

significantly only at low distribution ratios in feed (Fig.4). Thus,
against frequent opinion,

the use of extremely strong stripping agent

is purposeless to speed pertraction: in area of sufficient practical
yields

of

pertraction

(R > 50%)

it

can

at

most

quadruple

the

efficient permeation rate and, naturally, complicate further treatment
rOQ 38]

of stripped metal bound in a resistant complex
'
.
In practice
there is frequently an excess of transported metal in feed, in respect
to the capacity of carrier in membrane solution. In this case, the c
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is controlled

not by constant value of D

but by concentration

of

carrier. Therefore, as a good approximation, Langmuir-type extraction
isotherm

can

be

applied

for

the

feed-membrane

boundary,

c =

k c /{1+k c ). The flux at the beginning is lower and pertraction rate
•
[29]
increases with time, what can be presented by rate equation
A + C
B
L

A + C

- —
A

J

A

R = -J
h

where the terms A,B and C are derived from
metal

and

(trace)

carrier

in

concentration

the

system

of

metal

initial molar

(q), distribution
(D )

and

ratio of

ratio

pertraction

at

zero

factor

p,

A = 2pD Q /(2p-l), fl = DQqQri and C = 2/r i (2p-l).
For separation of two permeants, not programmable exploited enough
till

now,

there

suppressing

is

control

extraction

of

of

kinetic separation factors
[39-43]
impurities
particularly

substoichiometric amounts of carrier. As known, the

by
at

rate-controlled

process can be made more favorable at initial and intermediate time of
[25]
separation than the equilibrium one

MEMBRANE DESIGN AND NON-IDEAL PERMSELECTIVITY
The most valuable property of ideal membranes and their determining
characteristics is their permselectivity, much higher permeability to
one species than to other species and this is the dynamic

function

which is the most important for its identity. The chemical properties
(composition) of ideal membrane influence entirely
not

the final distribution between

the source
I

(stripping)

phase.

The

partial

JH

the dynamics and

(feed) and

receiving

II

(K , tC, K

) and

total

(K)

mass

transfer coefficients are linked as the sum of partial resistances,
1
1
1
D11

Kl

K
The
remains
[44]

only

main

D1 K*
factor

Dl K11

which

thermodynamic

controls

activity

permselectivity

coefficient

of

of permeant

i.e. physico-chemical

composition of membrane

should

membrane

the

suitable

create

a

the

membrane

in

membrane

is crucial. Not

stable

heterogeneous

separation system by dividing miscible phases, but it should prevent
diffusion of those chemical components which are responsible for the
maintenance
solute.

of

thermodynamic

activity

Quite unexpected raav be

gradient

transport

of

of

acids,

the

principal

especially

of
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uni-univalent type. Nitric acid, most common in nuclear technology,
appears

less suitable

not only with

solubilizators

like

TBP and

tertiary amines, but just in the emulsion liquid membranes stabilized
by sorbitol oleates as having high permeation rate from the stripping
to feed solution

'

and destroying chemical potential gradient of

metal; sulfuric or phosphoric acid and polyvalent heteropolyacids are
. . .. .
. [28,34,37,38,46]
preferred in this respect
At high pertraction factor

the partial

resistance

in receiving

phase is negligible and major contribution is connected with the feed
solutuion and "passive" membrane resistance - the more active the
membrane is towards the extraction of solute from feed, the less role
it plays. From other hand, to act as a true separation catalyst, the
membrane should retain a minimal amount of separated

solutes when

compared with the stripping solution. This cause the chemical design
of membrane somehow controversial: the "active" membrane is favorable
in minimizing
substantial

the membrane resistance, but then it can hold on a

part

of

permeant.

Hence,

the volume

of

the

highly

efficient and selective membrane should be minimized to fulfill the
condition.

Unfortunately,

the

chemical

efficiency

and

physical

stability of liquid membranes are intertwined due to the changes of
surface tension and they often put serious practical limits on the
actual issue
SPECIFIC NUCLEAR PHENOMENA (RADIOLYSIS)
Alike

solvent

extraction

supported LM systems

[47]

systems

, both

the

emulsion

a

are rather sensitive to interfacial tension, and

the

latter can be easily disturbed by surface active products of
organic components radiolysis. In double emulsions the optimal HLB [3]
,L L
• «
..
.
[23,26,28,34]
J.jrr..
is often difficult to achieve even in pure systems
and
vice versa some components makes them stable for months and even years
r 321
. Therefore, actual

stability under radiation

is difficult to

predict. Decrease of interfacial tension in presence of surface active
component (concentration c ) is expressed by Szyszkowski equation as
y = y [1-a log(l+bc )]. Considering C -C
0

B

5

fatty acids as the critical
10

radiolytic components (a=0.41, b=10 ), radiation doses about 100 kGy
for alkane solvents may decrease their y for about four times what
means about

twice so high coalescence

velocity.

In case

of SLM,

appearance of capillary-active products will increase dislodgement of
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solvent from porous support
GLOBAL OPTIMIZATION
criterion will depend on particular weight adjudged to either recovery
yield,react ants cost and time of performance. There are not maxima on
r 291
neither partial nor global criterial functions
, just local
minimum (worst performance) should be avoided to make the process
reasonable.
LM PROCESS HEURISTICS
1. Formulate purpose of LM application clearly distinguishing the
goals of selective separation of solute, its preconcentration and/or
cleaning of waste.
2. Prefer the system with moderate mass distribution ratios of
principal solute on feed side to substantiate LM technique.
3. Choice stripping solution better to achieve high recovery than
increase pertraction rate.
4. Consider using of sequence of solvent extraction and stripping
steps with all components equal instead and favor the system with
better relative parameters.
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RADIOCAESIUM REMOVAL FROM SYNTHETIC STEAM-GENERATOR
CLEANING SOLUTIONS
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PL-03I95 Warsaw, Poland

Abstract: Radiocaesium removal from low-level radioactive waste containing chclating agents and
ammonia was studied using transition metal hcxacyanofcrratcs in the form of composite resin. The waste
simulated spent solutions used in the KWU process for chemical cleaning of steam generators of
pressurized water reactors. Optimum ' ^ C s + uptake by the composite potassium cobalt hexacyanoferrate
is observed at elevated pH (9 - 11), when the NH44" ions competing with Cs + for ion-exchange sites have
been converted to ammonia. The composite hcxacyanoferrate is a very effective '-*7Cs sorbent from the
solutions studied (the distribution ratios are in the range 10-* - 10"*), superior to commercial caesiumselective resins, but at the expence of slow surption kinetic

Key words:

137

Cs. radioactive waste, ammonia, sorption. potassium-cobalt hexacyanoferrate.

INTRODUCTION
Hexacyanoferrates of transition metals are known as very selective and effective
sorbents of caesium ions, widely used to remove long-lived 137 Cs and 134 Cs from liquid
nuclear wastes [I]. For example potassium-cobalt hexacyanoferrate has been successfully
applied to remove radiocaesium from alkaline evaporator concentrates in a full-scale
plant process at the Loviisa Nuclear Power Plant [2]. Composite hexacyanoferrates,
consisting of powdered inorganic components firmly incorporated into a matrix of
phenolformaldehyde resin in the form of stable beads [3], were also tested as
radiocaesium sorbents [4,5].

'On leave from Tajoura Nuclear Research Center. Tripoli. Libya
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This paper deals with radiocaesium removal from spent solutions used for chemical
cleaning of steam generators (SG-s) of pressurized water reactors at NPP-s. The problem
of cleaning the secondary side of SG-s from deposited corrosion products and salt
impurities, and some details of the KWU process used have been presented by Riess [6]
and by Odar [7]. The process consists of two single-step procedures for sludge
dissolution by aqueous alkaline solutions containing various complexing agents.
Dissolution of iron oxides occurs in solution of the ammonium salt of nitrilotriacetic acid
(NTA), containing hydrazine to reduce some iron(IIl) compounds, while for dissolution
of copper oxides an ammonia-containing ethylenediamine (EDA) solution is used. Also
ethylenediaminetetraacetic acid (EDTA) solutions were tested for "iron cleaning".
Sometimes, due to the leakages from the primary circuit, the solid deposits and
subsequently the spent cleaning solutions are slightly contaminated with radionuclides,
particularly with

60

Co and

137

Cs. The waste treatment consists in precipitation of

iron(III) hydroxide and copper sulphide; the radioactive contaminants coprecipitate,
apart from radiocaesium [7,8]. Therefore, a procedure for radiocaesium removal from
simulated spent SG-cleaning solutions was tested with the use of composite titanium
hexacyanoferrate [8]. The composite sorbent proved to be superior to the commercially
available caesium-specific

resin Lewatit DN-KR, particularly for copper-cleaning

solutions, but at the expence of slower kinetics of sorption [8]. The main disadvantage of
that composite sorbent consisted in its instability in alkaline solutions. The sorbent could
therefore be used in neutral or acidic solutions where free ammonia present in solution
was converted into ammonium ions. Unfortunately, these ions strongly compete with
caesium ions for the ion exchange sites, which decreases the caesium uptake by the
sorbent. In this work another sorbent - composite potassium cobalt hexacyanoferrrate
was tested, which is stable at higher pH values, up to pH 11-12. For the sake of
comparison some supplementing experiments were carried out with the composite
titanium hexacyanoferrate and also with Lewatit DN-KR - a phenolformaldehyde resin
similar to that forming the matrix.

EXPERIMENTAL
Ion exchangers:
Mixed potassium cobalt hexacyanoferrate were precipitated from dilute solutions of
Co(NO3) 2 and K 4 [Fe(CN) 6 ], according to the procedure described in [9]. Titanium or
rather titanyl hexacyanoferrate was precipitated at pH2.3 from dilute solutions of titanyl
sulphate and K 4 [Fe(CN) 6 ] [10]. Bead shape composite sorbents containing about 20%
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inorganic component have been obtained by adding powdered potassium-cobalt or
titanium hexacyanoferrate to the fluid reaction mixture in the process of pearl
polycondensation of the phenolsulphonic-formaldehyde resin [3,10]. The composite resin
beads of 0.3 - 0.5 mm in diameter were used in the experiments. Commercial
phenolsulphonic-formaldehyde resin, Lewatit DN-KR (Bayer), of the same bead size was
also used. The resins were converted into the NH.4+ form, washed with water and airdried at 60°C. The resins are further referred to as CCF, TCF and DN-KR, respectively.
Synthetic SG-cleaning solutions:
Aqueous solutions of the following original composition were prepared:
- 0.2 M nitrilotriacetic acid (NTA) and 1 M ammonia, pH ~ 9.9;
- 0.2M ethylenediamine (EDA) and 0.2M (NH 4 + ) 2 CO 3 , pH = 9.9;
- 0.2M ethylenediaminetetraacetic acid (EDTA) and 0.46M ammonia, pH = 8.0;
(M denotes mol dm"3). The EDTA solution was also modified by dissolving some ferrous
sulphate to attain 0.2 M Fe 2 + concentration. AJ1 the solutions were made of commercial
pa. reactives and were spiked with carrier-free

l37

Cs radiotracer (about 0.5 kBqcnr 3 ).

The radiotracer purity was checked by high resolution gamma spectrometry. The pH of
the solutions studied were adjusted to the experimental values in the range 4 - 11 by
adding small amounts of concentrated H2SO4 or NaOH solutions.
Measurements:
Specific gamma activities of solution samples (2 cm 3 each) were measured at least 25
min. after the separation, using a counter with a well-type Nal(Tl) detector. The pH
values were determined with the use of a pH-meter (Meratronic, Poland) and a glasscalomel combination electrode calibrated with standard buffer solutions.
Batch studies:
Samples of ion exchangers, 0.05 to 0.2 g each, were stirred with 20 cm 3 of the
studied solution at 24±1 °C. The aliquots of the solution were collected in some time
intervals to measure their specific activities. The distribution ratios of

137

Cs (Kd, cm 3 g' 1 )

were calculated as the ratio of specific activity of the resin to that of solution, the former
being calculated from the difference of the original and present specific activities of the
solution and the ratio of solution volume to the resin mass.
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Column studies:
Dynamic studies on

137

Cs sorption on CCF were carried out using standard glass

columns of internal diameter of 3.6 mm. The bed volume (BV) of CCF was 1 cm 3 , and
the bed height was 100 mm. The SG-cleaning solutions spiked with

137

Cs passed

through the bed gravimetrically at controlled moderate flow rates. The effluent samples
were ocassionally collected, their specific activities were measured and compared with
that of the influent. The decontamination factor (DF), equal to the ratio of specific
activities of the influent and effluent, was then determined as a function of effluent
volume and flow rate.

RESULTS AND DISCUSSION
The effect of pH on radiocaesium sorption
Poor affinity of common sorbents for radiocaesium in the SG-cleaning solutions
results from the solution composition. Strong chelating agents cause some complexation
of caesium ions, while ammonium ions present at relatively high concentrations strongly
compete with caesium ions for the ion exchange sites of the sorbents. Both these effects
decrease the

137

Cs sorption. The increase in pH of the solution shifts the equilibrium of

ammonium ion dissociation towards the neutral, undissociated form NH3.H2O. The
concentration of ammonium ion in solution decreases, which improves the condition for
caesium sorption. In fact, Figs 1 and 2, which illustrate

137

Cs sorption on CCF from

NTA and EDA solutions, respectively, show that Kd increases with increasing pH in the
range 4 - 1 1 . Very good

137

Cs sorption has been observed at the highest pH (II): at

equilibrium Kd = 1.5* 103 and 1.5* 104, respectively. Higher pH values were not studied
because at pH> 11 the matrix itself becomes unstable, and moreover the effect of any
further decrease in ammonium ion concentration on caesium sorption becomes less
pronounced. A drop in Kj observed after prolonged contact of the resin with alkaline
solutions corresponds to that observed for the composite titanium hexacyanoferrate [8]
and can be interpreted in terms of slow decomposition of the sorbent by the chelating
agents. In both cases the radiocaesium adsorption on CCF at every pH studied is much
better than that on DN-KR under the most favourable conditions (pH 11). However, the
kinetics of

I17

Cs sorption on the composite resin is much worse which leads (for the

NTA solution) to comparable Kd values on both resins, observed in a short starting
period. Presumedly, the CCF matrix, being a resin very similar to DN-KR, adsorbs
caesium itself to the same extent as DN-KR On the other hand, caesium sorption from
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the EDA solution is much better on CCF than on DN-KR in the whole time interval
studied (Fig.2).

pH11

3.0
CCF

2.0
DN-KR
(nosorptionon DN-KR at pH7)

1.0
800

400

1200

1600
time.min

Fig. 1. l 3 7 Cs sorption on the CCF (pH range ! - 11) and DN-KR (pH 11) resins from the NTA
solution as a function of time

logK

pH 11

400
Fig.2.

800

l37

1200

1600
time.min

Cs sorption on the CCF (pH range 4 - 11) and DN-KR (pH 11) resins from the EDA
solution as a function of time
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Fig.3 shows the opposite effect of pH on

137

Cs sorption on TCF from NTA solution,

which well corresponds to the earlier results [8]. The best sorption has been observed at
pH4, the Kd values being practically the same as those for CCF at the same pH (Fig.l).
However, further increase in pH causes the significant decrease in Kd, presumedly
because of decomposition of the inorganic component [10], so the sorption observed at
pH 9 is evidently due to the sorption on the matrix alone.

logK(
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1.0

Fig.3.

l37
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C s sorption on TCF (pH range 4 - 9 ) resin from the NTA solution as a function of time

EDTA which forms more stable iron complexes than NTA [11] is preferred as a
component of iron-cleaning solutions.

l37

Cs uptake from EDTA solution (pH8) is much

3

more effective with CCF (Kd = 1.2* 10 c m V 1 ) than with DN-KR (Kd = 18). Dissolved
iron(II) decreases caesium sorption on CCF; at 0 2 M FeSO 4 in the EDTA solution Kd
drops to about 330. This effect is rather unexpected; it can hardly be explained by some
pH drop (by about one unit) caused by FeSO4 dissolution.
The kinetics of radiocaesium sorption from all the SG-cleaning solutions on both
composite hexacyanoferrates is very slow. At room temperature the equilibrium is usually
attained only after 6 h or more (Figs 1-3). This picture is different from that observed for
dilute aqueous solutions where

l37

Cs adsorption equilibrium was attained within 10 to 20

minutes [10], and resembles that observed for concentrated salt solutions - radioactive
waste from NPP [12].
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Column experiments:
Two solutions spiked with

I37

Cs were used in the experiments: the EDA solution

containing no copper ions, of pH 9.6, and the EDTA solution containing Fe 2 + ions (0.2
M), of pH 8.0. Standard columns were used, filled with CCF of the bed height 100 mm.
The experiments were not continuous; solution was passed through the column only
about 7 hours a day - the flow was also stopped for holidays. The EDA solution was
studied at two different flow rates: 4.2 mrr1 (or 52 BVfr 1 ) and 1.8 mh"1 (or 22 BVrr 1 ).
A significant constant-level leakage of

I37

Cs was observed in both cases, depending on

the flow rate. This indicates that in both cases the ion exchange equilibrium was not
attained and the column operated in the steady state. At the higher flow rate the average
DF value quickly fell down: to DF<10 after about 800 BV and DF<5 after 1700 BV.
Much better results have been obtained at the lower flow rate: the DF value fluctuated
between 60 and 80 for over 2400 BV (2.4 dm 3 ) and then rapidly fell down to DF=7.
That was the breakthrough of the CCF bed, which denotes very good bed capacity for
137

Cs. One can expect that the kinetic factors would become much less important with

further decreasing the flow rate or increasing the sorbent bed height. In fact,
unexpectedly big effect of scaling up of a similar process - radiocaesium removal from
alkaline, very concentrated liquid waste on the columns filled with granular potassium
cobalt hexacyanoferrate has been observed [2] Also the increase of temperature would
enhance the kinetics of radiocaesium sorption.
The EDTA solution passed through the sorbent bed at the flow rate of 2.0 m h"1 (or
27 BV h"1). Much lower DF values, fluctuating between 8 and 6 when the effluent
volume increased from 300 to 1400 BV, have been observed, but the column was not yet
broken-through in the thermodynamic sense. Also in this case one can expect a
significant increase in DF with decreasing the flow rate or with increasing the length of
the column and temperature.

CONCLUSIONS
Summing up the above, one can conclude that the optimum radiocaesium sorption on
the composite hexacyanoferrates from ammonia containing solutions studied can be
achieved at moderately high pH, between 9 and 11. The composite potassium cobalt
hexacyanoferrate is recommended for effective radiocaesium removal from spent alkaline
SG-cleaning solutions. The optimum pH range of 9 to 11 encompasses the original pH
values of these solutions, therefore no pH adjusting is necessary. Under these conditions

137

the composite titanium hexacyanoferrate is not the appropriate sorbent because of its
decomposition. The recommended composite potassium cobalt hexacyanoferrate is much
more effective sorbent of radiocaesium than the commercial caesium-selective resin,
Lewatit DN-KR, but at the expence of much slower sorption kinetics. The former
appears to be a significant drawback in prospective technological application of the
composite ion exchanger for radiocaesium removal from spent SG-cleaning solutions.
However, the small-scale experiments show that even short columns operating in the
steady-state at moderate flow rates can assure the decontamination factor of the EDA
solution of several tens within more than 2000 column bed volumes. It is expected that
the scaling up of the process would assure much higher DF values, of the order of
thousands for the EDA and of hundreds for the EDTA solution, at technologically
reasonable flow rates.
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ABSTRACT
This presentation gives an overview of some new trends in the materials used in
various steps of the nuclear fuel cycle. This well cover fuel and cladding materials,
control rod materials, reactor structural materials as well as those used in the back end
of the fuel cycle.
Problems associated with corrosion of fuel cladding materials as well as these in
control rod materials (B4C swelling ...etc.) and approaches for combating these
influences are reviewed.
For the case of reactor pressure vessel steels issues related to the influences of alloy
composition, design approaches including the use of more forged parts and minimizing,
as far as possible, longitudinal welds especially in the central region , are discussed.
Furthermore the application of techniques for the recovery of pre-irradiation mechanical
properties of PVS components is also covered.
New candidate materials for the construction of high- level waste containers
including modified types of stainless steels (high Ni and high Mo), nickel- base alloys
and titanium alloys shall also be detailed.
Finally muclear fuel cycle concepts involving plutonium recycling and actinides
recycling shall be reviewed
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I - INTRODUCTION
m

A Focus on Some Developments in Fuel Cycle Materials
and Concepts.

s

Developments Aiming at Improving
*

Reliability

*

Economic viability

*

S afety

*

Minimizing environmental and health impacts

Of The Fuel Cycle Actyities
m

m

The Role of
*

Increasing accumulated stock of NPP plutonium

*

Weapons plutonium

*

Long- lived actinides

Main Topics Addressed are Advances in :
*

Fuel and cladding materials

*

Control rod materials

*

Reactor structural materials

*

Materials for high-level waste containers

*

Some new fuel cycle concepts

2.

FUEL AND CLADDING MATERIALS

2.1

FUEL

m

Present World Nuclear Electricity Generating Capacity
*

354200 MWe From About 425 Power Reactors

U0

New Reactors(l)
*

Advanced PVVRs, BWRs. PHWRs, FBRs, HTGRs.
e.g. AP- 600, SBWR, SIR, PIUS, ISER)

*

Major trend : MOX fuel
- R & D for MOX to reach burn up of U oxides
- New LWR designs using 100% MOX

Plutonium and FBR Development
*

FBRs in the world

^

(2)

France , Russia, Britain, Japan & Germany (under construction)
*

Western FBR Policy : and the Shutdown of first prototype
FBR in Britain , end of March 1994. (3)

*

The FBR strategy in Japan

(4 }

*

-Nuclear electricity in Japan : 40,000 MWc (20%
of installed, 30% of generated capacity)
-The monju FBR a prototype advanced thermal reactor
(ATR),280 MWe, 5.9 ton MOX, includingl ton Pu
(operational 1995).
- Commercial FBR by 2030

World Plutonium Production: Present & Predicted Inventory
*

(Figs. 1-3)

HTGRs Fuel <9)
*

First Developed and Demonstrated in the USA

*

Germany
- AVR, Juelich, 20 MW (opcralcd for 20 years, shuldown
1988)
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- Scaled up to 300 MWe (THTR 300, Hamm - Uentrop,
operated 16 Nov. 1985).
- Pebble bed system fuel: (Figs. 4,5)
- Fuel elements: Encapsulated ceramic spheres, 6 cm
diameter (about 1.2 million, 80% of which are fuel,
20% graphite). Each fuel

pin contains low enriched

uranium in the form of coated particles = 0.9 mm
diameter, two PyC layers and one SiC layer.

•

Metal - Alloy Fuel: (Fig. 6)
*

90 U - 10 Zr, anticipated to go to about 45 MWd/kg

2.2

CLADDING MATERIALS (IM4)

m

Zircaloys and Zr-Nb A Hoys

m

Zircaloy-4 Vs Zr-Nb
*

Corrosion , hydriding and irradiation effects (Table 1 and Figs 7,8)

*

H2 content can go up to 600 ppm for a 90 ^m thick
oxide (20% of H2 produced by corrosion).

*

Recent french experience on the effect of Sn, (Fig. 9)
low Sn (1.29-1.32%)
high Sn (1.40-1.47%)

*

Russian experience on corrosion and hydriding of Zr-lNb
alloy

•

(13)

Need for a Better Clad to Cope With:
*

High burn up

*

High temperature

*

Improved operational flexibility

U2

m

This Requires:
*

A Zircaloy-4 with
- Low Sn (1.29-1.32%)
- Improved alloy homogeneity
- Good surface finish

*

m

Going for new duplex alloys

Cladding & Structural Materials Performance in Relation
to Reactor

Water Chemistry

(!4)

*

Effect of *A content on Zr O2

*

Addition of H2 (220-2000 ppb) to prevent SCC of
primary circuit components in BWRs.

*

Addition of Zn (5- 15 ppb) to improve the fracture
characteristics of sensitized 304 ss (reduces crack growth by
a factor of 5)

M

Avoid the Use of Cobalt - Base Alloys in Structural Materials to Reduce
Man- Sievert.

3 - CONTROL ROD MATERIALS ASSEMBLIES(15)

•

9

Materials
*

Absorber" materials : (mainly B4C, Ag-In-Cd)

*

Cladding & structural materials (mainly 304 ss)

Main Problems
*

Absorber materials:
Swelling ( n-a reaction) helium leads to absorber -clad
interaction
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*

Cladding & structural materials
- Mechanical mechanisms (fretting & wear)
- Corrosion mechanisms (oxidation & hydriding)
- Radiation damage mechnisms (enhanced creep & growth)
- Irradiation assisted stress corrosion cracking
(IASCC) involving synergism between two or more
mechanisms

u

Improvement of Behavior Through
*

Better materials

*

Better design

*

Clad wear resistant coating
- Chromium carbide coating
- Ion nitriding

*

Better control over microstructure
- Composition of materials at the fabrication stage

*

Absorber Materials Changes
*

Use of Hf instead of Ag-In-Cd

*

Use of compounds based on enriched boron and Hf for reactors using
MOX fuel

*

Use of Dy 2 O 3 - TiO 2

More R&D is needed : especially on hydrogen pick up by hafnium
9

Cladding & Structural Materials Changes
*

To move from 304 to 304 L stainless steel of better resistance to IASCC
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4.

REACTOR STRUCTURAL MATERIALS*

m

En vironmental and Operating Conditions

m

*

Temperature and cycling

*

Pressure and cycling

*

Neutron flux

Consequently: Irradiation-Assisted Degradation:
*

Corrosion , hydriding

*

Mechanical

Other combinations of effects

•

Materials : (16''17)
High toughness low alloy steels, generally cladded with stainless steel

•

Criteria : "6'">
*

American code: impact upper shelf energy (USE) requirement:
> 100 J in the belt region
> 68 J in all other parts

For a maximum allowable neutron fluence at the inner surface of the
pressure vessel of 3 X 1019 n/cm2 (E< 1 MeV)
*

German code
USE > 100 J all over the pressure vessel

For a maximum allowable neutron fluence of « 1 X 1019n/cm (E< 1 MeV)
*

Both the American and German codes require that the ductilebrittle transition temperature (DBTT) at 41J (T4u )£ 0 °C
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•

Development*16'22*
*

Design of PVS(16) welds, forged parts (Fig. 10)

*

The role of impurities(1719) specially Cu and P and their effect
on transition temperature (Table 2 and Fig 11)

*

The impact characteristics of some advanced (low Cu and P)
PVS (Figs 12-14)

*

Steam generator design (Fig. 15)

*

Pressure tube materials for CANDU reactors (Zircaloy-2 Vs Zr-Nb)

*

Pressure vessel thermal annealing (Fig. 16)

5. MATERIALS FOR HIGH WASTE CONTAINERS*23 30)

u

Constructional Materials Used in the Back End of the Fuel
Cycle:
*

Waste processing plants

*

Containers for high level nuclear waste for deep underground burial for
super -long term storage.

m

m

Materials:
*

Stainless steels (passive alloys)

*

R& D on materials

Environments
*

Aqueous electrolytes containing:
- Chlorides: may be high concentrations
- Dissolved oxygen or other oxidizers

U6

*

Exposure to :
- Gamma radiation leading to radiolysis and formation of oxidizing
agents, e.g. H2O2 and CIO'
- High temperature

Major Problem: Corrosion
*

Most common type : localized corrosion

*

Crevice corrosion is the most predominant

Crevice Corrosion
*

Mechanism (Fig. 17)

*

Parameters related to crevice dimensions
- Crevice gap and depth
- Bold/ crevice area ratio

*

Parameters related to bulk environment
- Chloride ion concentration
- Oxygen (H2O2 or other oxidizers) content
- Temperature
-PH
- Agitation

*

Parameters related to crevice environment
- Hydrolysis
- Diffusion & mobility of ions
- Critical crevice solution (dpH)

*

Parameters related to passive metal:
- Alloy composition & metallurgical history
- Minor constituents
- Passive film properties

U7

Materials Development
*

Stainless steels

*

Nickel & copper base alloys

*

Titanium alloys

Candidate Stainless Steels, Nickel, Copper Base Alloys (24'28)
*

Statistical evaluation of the frequency and depth of crevice attack for type
316 Lss, some duplex ss and nickel base (625) alloys in different pH
values up to 1000 hours (Fig. 18 )

*

Evaluation of the susceptibility to crevice corrosion of : 304 ss, nickelbase alloys 625, C-276 and titanium alloys grades 2 and 12 in chloride
environments(25)
- Tests in bulk & crevice environments
- Values of depassivation pH (dpH), passive current (Ip) and
critical crevice temperature (CCT)
- Ranking of alloys

*

Evaluation of the effect of fabrication and welding programmes on some
candidate materials for the proposed high-level waste containers at the
proposed Yucca mountain repository site (26)
- Materials : 304 L ss, 316L ss, nickel-base alloy 825, and
copper-base alloys CDA 102, CDA 613, CDA715
- Studies cover crevice corrosion, stress corrosion cracking (SCC)
and enhancement of corrosion by gamma radiation.

*

Investigations of the pitting, crevice and SCC of Mo bearing nickel-base
alloys (C-276 and 625) as candidate materials for the Canadian nuclear
fuel waste management programme ^several environmental,
electrochemical (pH, temp. Cl',radiolysis...etc.) and materials parameters
were studied.
- Crevice corrosion susceptibility diagrams (Figs. 19,20)
- Dependence of passivation breakdown potentials on
temperature (Fig.21)
- Pitting& crevice corrosion temperatures in various media
(Tables 3 & 4)

*

An extensive programme was carried out on the Ni-base alloy 825, a
candidate material for the Yucca mountain repository site (28).This
involved testing in well water from the vicinity of the site in Nevada. A
pilot facility was designed to examine the interaction of chlorides, sulfates
nitrates, fluorides and temperature.

Candidate Titanium Alloys
*

(29 30)

'

The crevice corrosion initiation time for commercial (gradel) titanium was
found to be remarkably short when the chloride ion concentration(29) is
near to a critical value. Pre-passivation was found to prolong the initiation
time.

*

Review of susceptibility of several titanium alloys (Table 5) to crevice
attack in relation to some environmental, electrochemical and
materials parameters. The resitance of titanium alloys grades 2, 12
and 7 in some salts solutions (30) is shown in Table 6

The critical pH values for crevice corrosion was found to be :(30)
- 9.5 -10 for grade 2 Titanium
- 2 for grade 12 Titanium
- 0.75 for grade 7 Titanium
The temperature- pH limits for titanium alloys in NaCI brines are shown in(Fig 22)

The Crevice Corrosion Susceptibility Diagram for Various Alloys
(Fig. 23)

6. SOME NEW FUEL CYCLE CONCEPTS
m

Factors

Considered

*

Economics

*

Availability of technology

*

The desired level of self sufficiency in nuclear power operation

*

Issues related to waste management and disposal

m

The Uranium - Plutonium Fuel Cycle (Fig. 24)

m

The Thorium - Uranium Fuel Cycle (Fig. 25)

m

Advanced Fuel Recycling (AFR) (31)
*

A new concept of fast reactor fuel cycle comprising
- Simplification of the cycle and improvement of waste generation
- Advancement of the cycle by the application of new fuel types

*

Primary concepts of actinide recycling (Fig. 26)
-Strengthen utilization of fissionable nuclides
- Improvement of generation of alpha- emitting wastes
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- Strengthen recovery of actinides like Pu, and minor actinides
(MAs) including Am, Cm and higher products
- Change the concept of reprocessing into one based on roughpurification, where imperfectly purified Pu with minor actinides
(MAs) is recycled as a fast reactor fuel for burning
- Development of reprocessing technology, primary target being
the recovery of actinides and cost reduction of secondary waste
generation (Fig. 27)
- Fuel development involving less expensive, simple and easy
fabrication processes and modification of MOX fuel design, by
which recycling of all actinides (Pu and MAs) becomes possible (Fig. 28)

Thorium Based Fuel Cycles in CANDU Reactors(32)
*

The driver fuel can be:
- Natural uranium
- U233 in spent thorium fuel " self sufficient thorium cycle, SSTC"

*

Reprocessing LWR fuel, 1.6 % U 235 compared to 0.73 % (direct use of
spent

*

PWR fuel in CANDU, DUPIC)

Plutonium- Thorium cycles
- LWR Pu

- FBR Pu
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- Weapons Pu

REFERENCES
1. The New Reactors, Nuclear News, pp 65-89 ( Sept. 1992.)
2. Senior Expert Symposium on Electricity and the Environment, Helsinki,
Finland, 13-17 May 1991, IAEA, Vienna (1991)
3. Hargreaves, a Brief Report on the IAEA IWGFPT on UK Nuclear Industry,
12* Plenary Meeting of the International Working Group on
Water
Reactor Fuel Performance and Technology (IWGFPT), 9-11 May 1994,
IAEA, Vienna (1994)

4. Sasao, And H. Kashiha Nuclear
Ibid, Vol. I, pp 80-85 (1995)

Fuel Technology Development at PNC,

5. White Paper on Nuclear Energy 1994, Atomic Energy Commission of Japan,
(1994)
6. Michio Ichikawa, Current Status of Water Reactor Fuel Performance and
Technology in Japan, 12* Plenary Meeting of the IWGFPT on Water
Reactor Fuel Performance and Technology, 9-11 May 1994, IAEA, Vienna
(1994)
7. Chantion and M. Pecnik, Actinide Database and Fuel Cycle Balance, A
Paper Presented at the American Nuclear Society (ANS) Summer Meeting,
20-24 June 1993, San Diego, USA (1993)
8. Semenov, Nuclear Fuel Cycles; Current Status and Trends International
Congress on Evaluation of Engineering Nuclear Fuel Cycle Systems,
GLOBAL 1995, 11-14 Sept. 1995, Versaille, France, Vol. I, pp 40-44 (1995)
9. Arndt et al High Temperature Reactor Reaches Threshold of Commercial
Application Nuclear Engineering International, pp 20-26 (Sept. 1988)
10. Lancacster, A Technique for Selection of the Fuel Pin Diameter for a U-Zr
Alloy-fuelled Pressurized Water Reactor Nuclear Technology, 97, 16-25
(1992)
11. Corrosion of Zirconium Alloys in Nuclear Power Plants, IAEA-TECDOC684, IAEA, Vienna, (Jan. 1993)

152

12.

D. Deydier, Corrosion Behaviour of Zircaloy-4 Fuel Rod Cladding in EDF
Power Plants, IAEA Technical Committee Meeting on "Influence of Water
Chemistry on Fuel Cladding Behaviour, 4-8 October 1993, Rez the Czech.
Republic (1993)

13.

Y.K. Biblishvili, Corrosion and Hydriding of Fuel Rod Cladding, Ibid.

14.

H.P. Alder, Advanced Analytical Techniques for Boiling Water Reactor
Chemistry Control, ibid.

15.

Proceedings of the Technical Committee Meeting on Advances in Control
Rod Assembly Materials for Water Cooled Reactors, Vienna, 29 Nov-2Dec.
1993, IAEA- TECDOC 813 (July 1995)

16.

K. Kussmaul, Development of Nuclear Pressure Vessel and Current
Technology of the Federal Republic of Germany, Structural Integrity of
LWR Components (Edited by L.E. Steel et al.,) pp 1-27, Applied Science
Publishers (1982)

17.

International Atomic Energy Agency Analysis of the Behaviour of Advanced
Reactor Pressure Vessel Steels Under Neutron Irradiation IAEA Tech. Rept.
265 (1986)

18.

U.S. Nucl. Reg. Commission (NRC) Reg. Guide 1.99 (1977)

19.

M. Ghoneim D. Pachur and F.H. Hammad Mechanical and Fracture
Toughness Properties of Irradiated Pressure Vessel Steel Weld, J.Nuc. Mat.
149,PP 272-274 (1987)

20.

M. Ghoneim A.M. Nasreldin, A.A. El-Sayed and G.Pott, "Fracture
Mechanics and Mechanical Testing Laboratory at Inshas, Scientific Series
of the Int. Bureau, Forschungszentrurm, Juelich, Germany, Report No.33
(1995)

21.

S. Kawaguchi et al Current Forging Technology for Integrated Type Steel
Forgings for Nuclear Steam Supply Systems, Nucl. Engineering and Design,
81, pp 219-229 (1984)

22.

TJ. Griesbach, Lessons Learned from Soviet Vessel Thermal Annealing
Programme Transactions of the American Nuclear Society, 10-14 Nov. 1991,
San Fransisco, Callifornia, Vol. 64
pp 263-264 (1991)

153

23.

M.G. Fontana, Corrosion Engineering, McGraw Hill, New York (1986)

24.

N. Saito et al, Crevice Corrosion of Stainless Alloys in Liquid Waste
Environment of the Nuclear Power Plant", Corrosion, 45, No.12, pp 962-967
(1989)

25.

M.M A. Gad, Crevice Corrosion of Passive Alloys in Saline Media
Ph.D. Thesis , Faculty of Engineering ,Cairo University (1995)

26.

RD McCright, Container Materials for High - Level Nuclear Waste at the
Proposed Yucca Mountain Site Lawrence Livermore National Laboratory
Conf. on Scientific Basis for Nuclear Waste Management, Boston,
Massachusetts, USA. 25-29 Nov. 1990, pp 246-260, Published by the Mat.
Res. Soc, Pittsburgh, Pensylvania, U.S.A. (1991)

27.

J. Postlethwaite, Localized Corrosion of Alloys C-276 and 625 in Aerated
Sodium Chloride Solutions at 25 to 200°C, AECL Rept. No. 9952 (Nov. 1991)

28.

G.A. Cragnolino and N. Sridhar, Localized Corrosion of a Candidate
Container Material for High - Level Nuclear Waste Disposal, Corrosion, 47,
No. 6, 464-472 (1991)

30. R.W. Schutz, Understanding and Preventing Crevice Corrosion of Titanium
Alloys Paper No. 162, The NACE Annual Conf. and Corrosion Show,
CORROSION 91 (1991)
31. N. Nasao and H. Kashihara, Advanced Fuel Cycle System at PNC, Int.
Congress on Evaluation of Engineering Nuclear Fuel Systems, GLOBAL
1995, 11-14 Sept., 1995 Versaille, France, Vol. 1, pp 132-139 (1995)
32.

A.R. Dastur, D.A.

Meneley and D.B. Buss, Thorium Cycle Options in

CANDU Reactors, ibid, Vol. II, pp 1908-1917 (1995)

154

a

I-

a-

jK^^t^yT-r-T^fr^

155

\<jry\ > -' -

PLUTONIUM (kgHM)

ON
O

••••

ON

9

R

00

o

R

0Q

in

R

I

o

U\

o
o
o

o
o
en

©
©

156

GWd/tHM
o

1955

1960 4

1965

1970

1975 4.

1980

4

to
R

1985

5C

1990 4

1995 4

2000 4

2005 4

2010

157

o

en

o

o

Graytulc sticll
Graphite matrix
Cn?*rd panic's

SiC 'ayer
Kernel: UO;

Figure 4

: HRT Fuel Elements, 60 mm dia. (9)

Coaled particle (0.9 mm

Prcstrcssed concrete
reactor vessel

Fuel e'ement (C- rr.~)

Figure 5
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Figure 6
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Figure 17

: Crevice Corrosion Mechanism (23).
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Table 1

: Zirconium Characteristics Under Irradiation (11).

Oxidation Rate

Hydridine Rat<»

1. Zircaloy-2

Intermediate rates

Intermediate rates

2. Lov Ni Zircaloy-2

Similar to other
Zircaioys

Like Zircaloy-4

3. Zircaloy-4

Like Zircaloy-2 in
PWRs, but higher
oxidation in BWRs

Generally less than
Zircaloy-2

4. Zr-1.2 Cr-O.O8 Fe

Like Zircaioys but
susceptible to alloy
segregation

Similar to
Zircaloy-2 except
when alloy
segregation evident

5. Zr-1.2 Cu-0.28 Fe

Much higher than
Zircaioys

Much higher than
Zircaioys

6. Zr-3 Nb-1 Sn

Mildly lover than
Zircaioys

Mildly lover than
Zircaloy-4

7. Ozhennite-0.5

Similar to ZircaloysC*) Higher than
Zircaloy-2< a )

8. Zr-2.5 Nb

Generally Lover than
Zircaioys

Much lover than
Zircaioys

9. Crystal bar zirconium

Higher than Zircaioys

Much higher than
Zircaioys

(b)

(b)

10. Zr-1 Nb

. Zr-3.5 Sn-0.8 Mo-0.8 Nb Higher than Zircaioys
. Scanuk Alloys
13. Zr-1.0 Nb-1.0 Sn-0.1 Fe

Lover than Zircaloy

Lover than
Zircaloy-4 due to
lover oxidation

(a) Loop Study Reported in Reviews on Coating and Corrosion, voL /, No.4
(1975) pp. 299-366.
(b) Few Direct Comparisons to Zircaioys are Available. Some References Cite
Relatively Higher Corrosion Rates Than Zircaloy - 4. Russian Experience
Shows,(WWER - 440) Low Corrosion and Hydriding Rates.
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Table 2 : Chemical Composition of some advanced PVSs, wt. % (20),

GW

FF

JP

HSST

c
s

0.08

0.15

0.18

0.25

0.17

0.28

0.22

0.25

Mn

1.45

1.3

1.4

1.33

Mo

0.61

0.5

0.58

0.51

Ni

0.93

0.7

0.66

0.65

Cr

0.02

0.24

0.2

0.1

P

0.011

0.009

0.007

0.011

Cu

0.035

0.07

0.015

0.13

S

0.006

0.007

0.004

0.018
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Table 3

: Crevice - Corrosion Temperatures ( °C) in 10 wt% FeCl3(27),
Reference
Streicher a

I neon el - 625
RT-50*

Haste Hoy C-276
65-75* .

Steigerwald b

RT-50*

>50

Tapping c

45

a)

MA. Streicher, " Development of Pitting Resistant Fe- Cr- Mo Alloy ",
Corrosion 30, 77 (1974)

b)

F. R. Sreigerwald, " New Molybdenum Stainless Steel and Alloys for
Corrosion Resistance", Paper presented at NACE, Corrosion/74,
Chicago, 111., 1974, paper No. 44.

c)

R. L. Tapping, Chalk River Nuclear Laboratories, unpublished work
(1981).
*Tj-T2- resistant at Tj but not at T2

RT room temperature.

Table 4 : Pitting and Crevice - Corrosion Temperatures in Oxidizing
NaCl-HCl solutions* (27).

Haste Hoy C-276

150

crevice- corrosion
temperature (°C)
80

Inconel-625

101

25

Pitting temperature

rc)

* 4 wt % NaCl + 0.1 wt % Fe2 (S04) j+ 0.01 mol/L HCL; pH = 2.0
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Table 5 : Industrial Titanium Alloys Used in Chemical Process Industries

UNSNO.
.

ASTM GRADE/ALUOY
DESIGNATION

COMPOSITION

CHARACTERISTICS

R50250

Grade 1 (CJ>.)

Unalloyed Ti

high
formab U ity/ductil iry,
lower strength

R5O4OO

Grade 2 (CP.)

Unalloyed Ti

good balance of
moderate strength and
ductility
(common/workhorse
alloy)

R5055O

Grade 3 (CP.)

Unalloyed Ti

moderate strength

Grade 7 and 11 (Ti-Pd)

Ti-0.15H Pd

improved resistance to
reducing acids and
superior crevice
corrosion resistance

R53400

Grade 12

Ti-0.3HMo-0.iHNi

reasonable strength
and improved crevice
corrosion resistance

R56320

Grade?

Ti-3%A1-2^HV

medium strength and
superior pressure code
design allowables

RS6400

Grade 5

Ti-6%A1-4%V

high strength and
toughness
(common/workhorse
aHoy)

R58640

Beta-C™

Ti-3Al-«V-«Cr-4Zr-4Mo

elevated strength and
improved crevice
corrosion resistance

RS2400/R52250
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Table 6 : Resistance of Titanium Alloys to Crevice Corrosion in Boiling Salt Solutions, Tight metal -to- teflon
crevice were tested (30)r

-

i

'

i

• s o u m o R •:•'.• •- . " pH?:>?:-£!f •ipCRADB 2

GRADE 12

. GRADE 7 V'

Saturated ZnCl 2

3.0

F

R

R

I0%MgCI 2

4.2

F

R

R

10% CaCI2

3.0

F

R

R

3.0

F

R

R

! 10% KQ

CO
CO

Saturated Nad

3.0

P

R

R

Saturated NaCl +
a2

1-2

P

F

R

10%NH 4 a

4.1

F

R

R

10% Fed 3

0.6

F

F

R

10% Na 2 SO 4

2.0

P

R

R

F = failed; R = resistant
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SUMMARY
Natural radioactivity is a well known phenomenon which can be produced by variable
concentrations of uranium and thorium series radionuclides in water, soils, minerals,
etc..
In this paper the following mining and hydrocarbon extraction plants are particularly
taken into account as examples of possible radioactivity accumulation which can cause
radiation protection problems: a) industries using Zircon sands to produce refractory and
ceramic materials (U, Th); b) phosphorites manufactury to prepare phosphoric acid,
phosphogypsum and fertilizers (U, Ra); c) hydrocarbons extraction and treatment
processes where a formation of low specific activity (L.S.A.) scales and sludges can be
produced (U, Th, Ra).
The relevant results and the possible radiation protection risks for the professional
exposed staff are reported. A special emphasis is given to some African phosphorites
(Boucraa, Togo, Morocco) and L.S.A. scales (Tunisia, Congo, Egypt).

Keywords: Natural Radioacivity, Zircon Sands, Phosphorites, L.S.A. scales.

1. INTRODUCTION

Generally speaking the radiological hazard connected to natural radioactivity is not so
important: however some radiation protection problems can occur in particular industrial
processes involving the treatment of large quantities of sligtly radioactive materials. In
these cases a high concentration of radioactive substance (NORM: Naturally Occurring
Radioactive Materials) can be found in special points of the plant, in the manufacture

184

by-products and in the wastes. Sometimes the natural radioactivity concentration can be
so high to rise radiation protection problems which can be assimilated in a sense to the
ones faced in the presence, handling and disposal of non-sealed radioactive sources.

2. EXPERIMENTAL AND RESULTS

2.1. Determination of uranium and thprium in Zircon Sands
Zircon sands, essentially composed of zircon and baddeleyte, are materials used in
Zirconium extraction industry, in foundry sands, in refractories and ceramics. Because of
the high concentration of natural radionuclides these sands may represent a health
problem for the exposed staff. Therefore it is necessary to determine the radioactivity
level due to U and Th isotopes in these materials. An extraction chromatography method
(1) with a column of 50+100 mesh microporous polyethylene (Microlhene-710)
supporting tri-n-octylamine (TNOA) was used to separate uranium and thorium from
Zircon sands (Fig.l). The two elements were determined by fluorimetry and colorimetry
respectively or by alpha spectrometry after electrodeposition.
Table 1 shows that the uranium and thorium percent concentrations, determined by alpha
spectrometry taking into account the peaks of 238TJ and 232jh respectively, are in good
agreement with those obtained by fluorimetric and colorimetric analysis (Arsenazo III).
The alpha spectra showed that 238JJ ^ d 234\j w c r e m secular equilibrium.

Tab. 1: Uranium and thorium percent concentration (vv/w) in Zircon Sands: comparison
between different techniques
Sample
number

(colorimetry)

1
2

0.022
0.021

0.018
0.022

3
4

0.016
0.019

5

0.016
0.022

5

Th
(a spectrometry)

U
(fluorimetry) (a spectrometry)
0.025
0.024

0.016
0.019
0.017

0.021
0.023
0.023
0.020
0.024

0.019

0.029

0.023
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0.025
0.023
0.022

2-2- Determination of uranium.....and radium in Phosphorites an^ their Industrial
Derivatives
Phosphorites consist essentially of calcium phosphate and they are largely used as crude
materials to prepare elemental phosphorus, phosphoric acid, phosphogypsum,
phosphatic fertilizers, etc. Sometimes the uranium concentration in phosphorites is so
high that its recovery is economically worthwhile. Therefore, it is of some interest to
determine alpha emitter radionuclides either in the original material and in the derivatives
(H3PO4 and CaSO4) obtained after treatment with H2SO4. As a matter of fact the
knowledge of the alpha activity in the relevant steps of the industrial process permits to
evaluate the radiation risk to the exposed workers.
An extraction chromatography method (2) based on Microthenc supporting a solution of
tri-n-octylphosphinc oxide (TOPO) was used to separate uranium and radium from
phosphorites and their industrial derivatives (Fig.2). Uranium was then determined by
fluorimetry and by alpha spectrometry after electroplating, and radium by coprecipitation
as Ba(Ra)SO4 and alpha counting with a ZnS(Ag) alpha detector.
Table 2 shows the uranium percent concentration (w/w) obtained by fluorimetry and by
alpha speclrometry. The two results are in good agreement as far as the relevant errors are
taken into account. The activity of the 238TJ isotope is also reported.
Uranium concentration in phosphorites ranged between 0.006% (Giordania) and 0.011%
(Morocco); these results are in good agreement with the ones obtained by gamma
spcctromctry with Gc(Li). The phosphorites alpha spectra showed that uranium isotopes
( 2 3 8 ^ 235y ? 234ij) w e r e j n radioactive equilibrium. Uranium concentration in one
sample of 30% H3PO4 (Boucraa) was about 0.005%: on the contrary it was not possible
to detect uranium in phosphogypsum. This fact is due to the chemical process step with
H2SO4 (precipitation of Ca(Ra)SO4) and to the formation of strong uranium phosphate
complexes in the H3PO4.
Table 3 shows that 2 2 6 R 3 concentration in phosphogypsum is similar to that of
phosphorite. As a matter of fact, after the chemical treatment, radium is present as
Ca(Ra)SO4 in phosphogypsum and in some pipe slimes, and it is absent in H3PO4.
If the results of table 2 and 3 are taken into account, it appears that 2 2 6 R 3 [n phosphorites
was in radioactive equilibrium with 238rj.
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Tab 2: Uranium concentration in phosphorites, H3PO4 and phosphogypsum
Percent Mean Concentration, (w/w)
238

Sample

U activity, kBq/kg

Fluorimetry

Radiometry

Morocco

0.0110±0.0014

0.0106±().()0()9

1.32±().ll

Togo

O.(X)98±O.O()13

0.0110+0.0009

1.37+0.13

Giordania

().()()6O±().()(K)8

O.OO75±().(MM)7

0.94±0.07

Boucraa

O.OO75±O.OO1O

O.OO7O±O.OOO6

O.87±O.()7

H3PO4 30%
(Boucraa)

().()()49±().()(K)6

0.0053±().(MX)4

O.66±().O5

Phosphogypsum
(Boucraa)

N.D.

N.D.

N.D.

Phosphogypsum
(Togo)

N.D.

N.D.

N.D.

N.D. - not detectable

Tab. 3: Radium-226 concentration (3 measures)
Mean Concentration, kBq/kg

Sample
Phosphorite, Togo

1.2710.19

Phosphorite, Boucraa

0.8910.13

Phosphogypsum, Togo

1.2810.19

Phosphogypsum, Boucraa

0.6510.10

H3PO4 30%, Boucraa

N.D.

N.D. - not detectable
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Fig.l: Elution diagram for the separation of uranium and thorium from zirconium by
Microthene-TNOA column

2M HNOj

Q1M

1M (NH4)2CO3

uo 2 /
40
20
20

10
0

0

I

I

20

40

60

80

100 120
Eluent, ml

Fig.2: Elution diagram for the separation of radium and uranium in a phosphorite sample
by Microthene-TOPO column
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2.3. Radium, uranium and thorium determination in Low Specific Activity Scalesof
some oil and gas production plants.
Natural radioactivity due to uranium, thorium and radium compounds can be observed
also in hydrocarbon reservoirs. In this case radioactivity traces are carried together with
different extraction products so causing scales and sludges along the different plant lines
(valves, pipes, separators, etc.). These scales reduce plant efficiency so hindering the
extraction operation; furthermore, the radioactivity sources can cause also some
radioprotection problems (3-6).
Scales production is due to the precipitation of alkaline earth metal sulphates and
carbonates caused by solubility changes in the aqueous solution where they are present.
Besides calcium, strontium and barium sulfates, scales can also contain some
radionuclides, mainly radium, and in this case they are called "Low Specific Activity
Scales" (L.S.A. scales).
Production plants L.S.A. scales present the following two radioprotection problems:
a) a gamma irradiation risk to the staff remaining for a long time in some particular plants
areas;
b) a possible risk of internal radiocontamination to the staff involved in mechanical
removal and disposal of scales. In these processes whisks are generally utilized with a
consequent production of a fine powder, which can be inhaled or ingested. This being
established, a program was started to evaluate the real concentration of uranium, thorium
and 226Ra m scales, sludges and waters of some Agip plants situated in Italy, Northern
Sea and Africa ().
Uranium, thorium and radium were separated by Extraction Chromatography with a
Microthene-TOPO column (Fig.3). Uranium and thorium were determined by alpha
spectrometry after electroplating; 226Ra w a s coprecipitated by Ba(Ra)SO4 and counted
by a ZnS(Ag) detector.
The general survey involved 391 oil wells, 16 oil centers, 157 gas wells, 38 gas centers,
42 platforms and 10 fields used as natural tanks to store gases (6). However L.S.A.
scales were found only in some plants, particularly in phase separators: probably this
phenomenon can be caused by the strong temperature and pressure changes which fluid
undergo when passing in these elements and also by the slow flow-rates which facilitate
the formation of muddy scales; Table 4 shows the gamma dose rate values and the 238TJ J
and 226^ a concentrations measured where the scales have been located.
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Fig.3: Elution diagram of Ra 2+ , Th 4 + and UO2 2 + with a Microthene-TOPO column for
L.S.A. scale sample
Tab.4: 238rj) 232xh and 226Ra concentration in scales and external y dose rate values.
Plant
Features

Extracted
Hydrocarbon

Depth
(km)

Concentration (Bq/kg)
YDoserate
226
238JJ
232jh
R a (jiSv/h)

and Site
Po valley, Italy
Extraction Plant

Liquid

6

<0.9

<0.8

2890+578

0.20

Extraction Plant

Liquid

5

<0.9

<0.8

1126+225

1.00

Extraction Plant

Mixed

5

<0.9

<0.8

120+24

0.10

Colletion Plant

Gaseous

-

23.814.3

18.9+3.8

Collection Plant

Gaseous

53.8110.8

<0.8

Liquid

11.3±2.3

<0.8

110±22

<0.9

<0.8

780±156

30+

6

<2.7

0.10
0.17

Southern Italy

Collection Plant

0.05

Northern Italy

Off Shore Platform

Liquid

Tunisia

Extraction Plant

Liquid

1

1.2+0.2

<0.8

1891238

0.25

Treatment Plant

Liquid

1

<0.9

<0.8

31+ 6

0.05

Phase Separation
Plant

Liquid

1

7.6±1.5

64+ 12

-

Liquid

1

<0.9

97+ 20

0.01

Liquid

1

2.7±0.5

151+ 30

0.04

Congo
Phase Separation
Plant
Oil Storage
Reservoir
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5.1±1.0

<0.8
2.210.4

Taking into account these figures, the following remarks can be done:
1. 2 38ij a m j 2 3 2 j n concentrations were either non detectable or very low (collection and
seperation plants);
2. 2 2 6 Ra concentrations was higher in the oil extraction plant scales (800-3000 Bq kg"1)
than in other plants (300-400 Bq kg"1); for any specific plant the 2 2 6 R a concentration
seemed to be directly correlated to the extraction depth.
As far as the correlation of 22 ^Ra concentration with the relevant external gamma dose
rate is concerned, a fair accordace could be found for the African scales; on the contrary
some discordances were found for the Italian scales. This fact can be due to the following
reasons: a) the gamma dose rate is correlated not only to radium concentration, but also
to the scale total amount; b) the variable deposition and detection geometry; c) the variable
gamma adsorption due to the different materials thickness and density.
In all the analysed samples the principal uranium isotopes (2^8fj and 2 ^ U ) resulted in
radioactive equilibrium; for the majority of samples 2 ^ 2 Th and 2 2 ^Th resulted in
radioactive equilibrium too; however in some African scales the ratio 2 2 ^Th/ 2 ^ 2 Th
reached a value up to 700. This fact is due to the presence of initially high concentrations
of the parent 2 ^ 2 Th from which 2 2 8 R a separated because of the different chemical
behaviour of radium and thorium: in this case the internal radiocontamination risk is due
to 2 2 8 Th and to its daughters ( 2 2 4 Ra, 2 1 2 Bi, 22() Rn, 2 1 6 Po, 2 1 2 Po).
The obtained results clearly show that the L.S.A. scales phenomenon does not present a
heavy radiation protection problem for the plants management; as a matter of fact the staff
presence around these plants is discontinuous (only a few hours per year), the gamma
dose rates are low and only in a few cases the action levels (25 p.Sv h~l; 5 mSv y l )
suggested by national and international radiation protection rules are exceeded (7).
The routine maintenance of plants presenting L.S.A. scales must be done taking into
account the dose values in order to reduce as low as possible the contamination risk for
the staff and the environment.
As far as carbonate L.S.A. scales are present it is sufficient to wash the pipes with
hydrochloric acid; in the other cases (sulphates) a wet mechanical treatment must be done
and the staff has to wear protective masks and clothes, some investigations are now in
progress to correlate the oil fields geochemical features with the L.S.A. scales formation
mechanisms and to set up suitable methods for the solubilization and the prevention of the
scales.
A connected radiation protection problem is tha L.S.A scales disposal: the possibility of
reinjection into the reservoirs will be seriously taken into consideration in the presence of
easily soluble substances.
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2.3.1. Radium, thorium and uranium concentratign in samples Qf four Egyptian oil
extractign Plants
Some water, oil, mud, soil and scale samples coming from Egyptian oil extraction Plants
(Belahim, Ashraf, Aghar and Melliha) were also measured to calculate the 2 38u, 232xh
and 2 2 6 Ra concentration. Table 5 shows the relevant results for the Belahim and Ashrafi
Plants.
Tab. 5: 238IJ, 226Ra ^ d 232-fh concentration in some samples of Belahim and
Ashrafi Plants (Egypt).
Concentration (Bq/kg)

Sample

238y

22

232

*Ra

Th

BEL-1 (soil)

25.512.8

35.017.0

14.711.8

BEL-2 (soil)

26.812.9

160.0132

18.812.1

BEL-3 (sludge)

4.810.8

19,00013,800

N.D.

BEL-4 (scale)

N.D.

10,61812,124

N.D.

BEL-5 (cont. soil)

22.014.2

21,30714,260

N.D

BEL-6 (soil)

22.513.1

24.415.0

12.711.6

BEL-7 (soil)

40.914.6

31.010.6

23.612.8

BEL-8 (water)

N.D.

3.010.6

N.D.

ASH-2 (water)

N.D.

85.0117.0

N.D.

ASH-3 (mud)

N.D.

793.01159.0

N.D.

ASH-6 (mud)

N.D.

2,043.01410

N.D.

ASH-11 (oil)

N.D.

119.012.4

N.D.

ASH-13 (oil)

N.D.

N.D.

N.D.
N.D. - not detectable

Detection limits:
Soils, muds, sludges and scales:
238
U = 0.7 Bq/kg
232
Th = 0.9 Bq/kg

Oil:
= 1.3 E-3 Bq/1
232 Th i= 1.7 E-3 Bq/1
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Water:
8 u = 6.6 E-4 Bq/1
232
Th=4.3 E-4 Bq/kl
23

When 2 2 6 Ra concentration was high (BEL-3, BEL-4, BEL-5) a great quantity of
was found (Fig.4) deriving from
and muds.

228

228

Th

Ra which also accumulates in the scales, sludges

The three radionuclides were measured also in five water samples of the Aghar Plant, but
the concentration resulted to be lower than the relevant detection limits ( 226 Ra = 2.3 E-2
Bq/1; 2 3 8 U = 4.0 E-4 Bq/1; 2 3 2 Th = 2.0 E-4 Bq/1).
Finally three water samples of the Meleiha Plant were measured: only low concentration
of 2 2 6 Ra could be detected (2.1 * 3.4 Bq/kg)

Energy, MeV

Fig.4: Alpha spectrum of thorium separated from a sample (BEL-3); the great
concentration of

228

Th is due to the presence of

228

Ra which concentrates

together with 2 2 6 Ra

3. CONCLUSION
The three examples taken into account in this paper clearly shows that in chemical
industries and in hydrocarbon extraction plants an accumulation of natural radioactive
isotopes can occur. 2 3 8 U , 2 3 4 U , 2 3 2 Th, 2 2 8 Th, 2 2 6 Ra, 2 2 8 Ra, 2 2 4 Ra can concentrate
in particular steps of the industrial process, so causing radiation protection problems
regarding the involved staff and the radioactive disposal.
As far as the radioanalytical method is taken into account, the separation techniques using
extraction chromatography showed to be suitable to solve the problem; on the other and
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alpha spectrometry gives important information about the chemical and radioactive
equilibria or disequilibria.
Finally it has to be said the in some cases the natural radioactivity can be so high to
exclude the use of particular industrial by-products which could cause a non justified
gamma dose to the population.
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Naturally Occurring Radioactive Substances
A.M. Eniara
Atomic Energy Authority

Natural radioactivity originates from extraterrestrial sources as
well as from radioactive elements in the earth's crust. About 340
nuclides have been found in nature, of which about 70 are radioactive
and are found mainly among the heavy elements. All elements having
an atomic number greater than 80 possess radioactive isotopes, and
all isotopes of elements heavier than number 83 are radioactive.
The radioactvity of the earth now includes the

primordial

radionuclides. whose half lives are sufficiently long that they have
survived

the interval since their creation, and

the

secondary

radionuclides which are derived by their radioactive decay. A much
larger number of radioactive isotopes than now exist, were produced
when the matter of which the universe is formed first came into
being several billion years ago, but most of them have decayed out of
existence. The radionuclides which now exist are those that have
half-lives at least comparable to the age of the universe. Radioisotopes
Q

with half-lives of less than about 10 years have become undetectable
in the 30 or so half-lives since their creation, where as radionuclides
with half-lives greater than 1010 years have decayed very little up to
the present time.
In most places on earth the natural radioactivity varies only within
relatively narrow limits, but in some localities there are wide
deviations from normal levels owing to the presence of abnormally
high concentrations of radioactive minerals in the local soils.

Naturally Occurring Radioactive Elements
The naturally ocurring radionuclides can be divided into those
that occur singly (Table

1 and Table 2)

and those that are

components of three chains of radioactive elements: (1) the uranium
series, which originates with
originates with
with

235

232

238

U; (2) the thorium series, which

Th and (3) the actinium series, which originates

u . In addition,

there

are

singly occuring radionuclides

This lecture Is abstracted from a comprehensive treatmet of the subject In Merril
Eisei)bud. "Environmental Radioactivity." Acad. Press 1987.
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Table (1)
Singly Occurring Natural Radionuclides Produced by Cosmic Raysa

Trophospherice
concentration
(pCl/kg air)

Radionuclide

Half-life

3

12 years
53 days
1.6 x 106 years
5730 years
15.0 hr
14 days
24 days
88 days
3.1 x 105 years
2.87 hr
37 min
55 min

H
7
Be
10
Be

22

Na
P
P
S
Cl
38£
S

38
Cl
39
Cl

Principal radiations
and energies (MeV)

-2

Observed
Concentration
rainwater
(pCi/liter)

P-0.0286

3.2x1.0
0.28
-8
3.2 x 1.0
3.4

Y 0.477
P-0.555
P-0.156
P- 1.4. g 1.37, 2.75
P-1.71
P- 0.246
P-0.167
P-0.714
P- 1.1. g 1.88
P-4.91. g 1.60. 2.17
P- 1.91.g0.25. 1.27. 1.52

6.3x1.0,-3
3.4x1.0-3
3.5x1.0-3
6.8 x 1.0 -9

18.0

0.08-0.16
"a few"
" a few"
0.2-2.9
1.8-5.9
4.1-67.6
4.5-22.5

aPerkins and Nielsen (1965). Reproduced from Health Physics, vol. II,
by permission of the Head Physics Society.

of both cosmic and terrestrial origin. The three families of radioactive
heavy elements account for much of the background radiation to
which humans are exposed. A fourth family, the neptunium seires,
which originated in the parent element
Pu, is known to have
existed at one time, but this nuclide has a half-life of only 14 years
and existed only briefly after its formation. Other members of that
series also have relatively short half-lives. The only surviving member
of the neptunium family is the nearly stable nuclide
Bi, which has a
18

half-life estimated to be about 2 x 10
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years.

Table (2)
Singly Occurring Natural Radionuclides of Terrestrial Origin1

Radiomuclide
41

K

V
10

Rb
115
ln
222 T e
223

La

142Ce
144Nd
147Sm
148Sra
166'Sm
132Gd
136b y

174
176

Lu

18O ra
187

Re
190pt

Abundance

Principal radiations: Specific activity
energy (MeV) and
(elemental)
yield (%)
(pCi/g)

Half-Life
(years)

0.012

1.26x10*

0.25

6x10

27.9
95.8
0.87
0.089

4.8x10
6.0 xz 1014
,13
1.2x10
11
1.12x10

15
10

11.07
23.9
15.1
11.27
13.82
0.20
0.052
0.163
2.6

>5xlO 16
2.4 x 10 15
11
1.05x10
>2xlO 1 4
>lxlO 1 5
1.1 xlO 1 4
>lxlO 1 8
2xlO 1 5
2.2xlO 10

0.012
62.9
0.013

>lxlO
4.3x10 10
6.9x10 11

12

P-1.33. 89%
y with EC 1.46. 11%
y with b- 0.78. 30%
Y with EC 1.55.70%
P- 0.28. 100%
P- 0.48. 100%
EC

P-0.21. 80%

855

3.0 x 10-3
2.4x104
4.98
2.11
20.7

ywithEC(0.81. 1.43). 7 0 %

(a)
a 1.83
a 2.23
„
—

a 2.1
(X2.5

P- 0.43
Y 0.089, 0.203, 0.306
—

P- 0.003
a 3.18

5.6x10-3
0.25
3.5x103
1.37
0.33
4.3 x 10-2
1.2 x 10-6
1.68 x 10-3
2.4x103
0.239
2.8 x 104
0.36

aPerkins and Nielsen (1965). Reproduced from Health Physics, vol. II.
by permission of the Head Physics Society.

In nature, 2 3 5 u and a few other nuclides of uranium and thorium
undergo fission spontaneously or as a result of interactions with
neutrons that originate from cosmic rays or other natural sources.
The half-life of 2 3 5 U owing to spontaneous fission is between 10 1 5 and
10 1 6 years, which means that decay by this process proceeds at a
rate less than 10"7 of that due to a emission. Others of the heavy
nuclides undergo spontaneous fission with half-lives that range from
10 1 4 to 10 20 years flRonfcoma, 1954).
Many transuranic elements, such as plutonium, neptunium and
americ^um, which now exist because they have been produced
artificially (Seaborg, 1958), must have existed in nature at one time,
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but their half-lives are so short that they disappeared long ago.
However, some of the transuranic elements are produced in minute
amounts by naturally occurring neutrons that result in fission of
uranium isotopes. Plutonium-239 has been detected in pitchblende
in a ratio to 238 U of 10"11 to 10"13, and 237 Np has been identified in
uranium minerals in a ratio to 238 U of 1.8 m 10"12.
The uranium normally found in nature consists of four isotopes
having mass numbers 230, 234, 235, and 238. Uranium-238 is
present in the amount of 99.28% and is usually in equilibrium with
234

U, which is present in the amount of 0.0058%. Uranium-235, the
parent isotope of the actinium series, is present in the amount of
0.71%. Uranium-230, which is also a member of the
U series, has
a short half-life (20.8 days).
Uranium is found in all rocks and soils. Typical concentrations are
listed in Table 3.
Uranium occurs in traces in many commerical products Pre-World
War II samples of steel analyzed by Welford and Sutton (1957)
contained uranium in the range of 001 to 0.2 ppm. Surprisingly,
photographic emulsions and other photographic materials contain
from 0.2 to 1 ppm of uranium (Smith and dzuiba, 1949).
Because uranium occurs in soils and fertilizers; the element is
present in food and human tissues. On average, the annual intake of
uranium from all dietary sources is about 0.14 mCi. The intake of
uranium from tap water is negligible by comparison, but a few
exceptions have been reported, notably in France, Finland, and the
Soviet Union (Hess, et al., 1985; UNSCEAR, 1982). The skeleton is
estimated to contain about 25 mg of uranium, equivalent to about 8
pCi. The dose to the skeleton, which receives a higher dose from
uranium than any other organ, is about 0.3 mrem/year (USCEAR,
1982; ICRP, 1975; Wrenn, et at, 1985).

Radium-226
Radium-226 and its daughter products are responsible for a major
fraction'of the dose received by humans from the naturally occurring
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226

internal emitters.
1622 years, to

Ra is an a emitter that decays, with a half-life of

999
zzz

Rn, with a half-life of 3.8 days.
Table (3)

Average Uranium Concentration in Various Rocks11

Uranium
concentration
(ppm)
___
3.0
1.5
0.6
0.03
0.003
120
20-30
50-80
4
1.3
1.2

Rock type
Acid igneous
Intermediate igneous
Basic igneous
Ultrabasic igneous
Meteorites
Phosphate rock (Fla.)
phosphate rock (N. Africa)
bituminous shale (Term.)
Normal granite
Limestones
Other sedimentary rocks
a

From Lowder nod Solon, (1956).

The decay of randon is followed by the successive disintegration of a
number of short-lived a- and bemitting progeny. After six decay steps,
in which isotopes are produced that range in half-lives from 1.6 x 10"
see to 36.8 min,

Pb is produced, which has a half-life of 22 years.

This nuclide, decays through

210

Bi to produce

210

Po (half-life 238

9 OR

days), which decays by alpha emission to stable

pb.

Table (4)
Average Radium, Uranium, Thorium and Potassium
Contents in Various Rocks a
40R

(pc^M

Type of rock
Igneous
Sedimentary
Sandstones
Shales
Limestones
a

(pCi/g)

(pCi/g)

(pCi/g)

1.3

1.3

1.3

22

0.71
1.08
0.32

0.4
0.4
0.4

0.65
1.1
0.14

8.8
22
2.2

Adopted from VNSCEAR(1958).
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Table (5)
Average Radium Content of Various Rocks and Sonsa

No. of
specimens
1
1
4
1
2
2
1
5
2

Quartz-miea schist
Quartzite
limestones
Sandstone
Glacial sand and rubble
Gravels
Soils
Kaibab limestone
Granites
Peruvian lavas

23

All specimens

4

a

Specimen,
average
value
(pCi/g)
0.20
020
0.29
0.32
0.38
0.41
0.73
0.97
1.02
2.06
0.70

From Etoans and Raitt (1935).

Radium, being an a emitter, does not add directly to the y activity
of the environment, but does so indirectly through its y-emitting
descendants.

Radium-226 Content of Rocks and Soils
Radium-226 is present in all rocks and soils in variable amounts.
Igneous rocks tend to contain somewhat higher concentrations than
sandstones and limestones. Rankama and Sahcuna(1950) give A mean
concentration of 0.42 pCi/g in liestone and 1.3 pCi/g in igneous rock,
as listed in Table 4. Evans and Raitt (1935), who measured the 226 Ra
content of rock and soil specimens from the sites of cosmic-ray
observations made by Millikan and co-workers, give the values shown
in Table 5, which are somewhat lower than the average values given
by Rankama and Sahama.

Radium-226 in Water
The radium content of public water supplies has been reviewed
comprehensively by Hess et al. (1985), who described the geological
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and geochemical factors that influence the concentration of the two
principal radium isotopes,
Ra and
Ra, which are progeny of
232

23ft

uranium and thorium, respectively. There is more
Th than ^°\j \n
nature on an activity basis, but there are geochemical factors that
cause local concentrations of uranium, which often results in greater
amounts of 226 Ra relative to 238 Ra.
Thus, it is generally assumed that the ratio ^Ra:
Ra is greater
than unity, although until recently most of the reproted
measurements have been of
Ra, with fewer measurements of
218
Ra.
The radium content of surface waters is low (0.1-0.5 pCi/liter)
compared to most ground waters. Dissolved radium sorbs quickly to
solids and does not migrate far from its place of release to groud
water. It has been suggested that radium transport in ground water is
even less than that of

Rn, which has a half-life of only 3.8 days

(King, et al.f 1982; Kirshnas).
Interest in the radium content of water supplies has increased
during the past few years, following the publication in 1979 of a
proposed EPA drinking water standard for total radium of 5 pCi/liter
(Lappenbush

and Cothern, 1985). It has been estimated that an

individual who consumes 2 liters/day of water that contains 5 pCi
Ra/liter would, at the end of a lifetime, be receiving a bone does of
150 mrem/year. The dose would be increased by the presence of
nnn

22fi

Ra. In rare cases where the concentration of
25

Ra is as high as

pCi/liter, the bone dose can approach nearly 1 rem/year.
The EPA regulations, which limit the

226

Ra content of potable

water to 5 pCi/liter, may require that some well water supplies be
treated. A study of the effectiveness of water treatment methods for
the removal of radium was undertaken by Brinck, et al. (1978)

in

areas jof Iowa and Illinois where the EPA limit was exceeded. Four
201

different water treatment methods were studied. Reverse osmosis
and sodium ion exchange process were generally about 92% effective.
The removal efficiency of the lime-soda ash softening process varied
from 75 to 95%. Systems designed to remove iron only were found to
have removal efficiencies from 11 to 53%. A detailed analysis of the
costs and effectiveness of various methods of removing radioativity
from drinking water is given by Reid, et al. (1985).
Little variation is found in the

Ra content of Atlantic Ocean

surface water outside Antarctica (Broecker, et al., 1976).

Eighty

samples analyzed by Broecker and co-workers averaged

0.03

pCi/liter. Deep ocean water contains somewhat greater amounts of
Ra, which were explained by the inflow of O2-deficient bottom
water from the polar regions.

Radium-226 in Food
Radium is chemically similar to calcium and is absorbed from the
soil by plants and passed up the food chain to humans. Because the
radium in food originates from soil and the radium content of soil is
variable, there is considerable variability in the radium content of
foods. In addition, it is reasonable to expect that chemical factors
such as the amount of exchangeable calcium in the soil will
determine the rate at which radium will be absorbed by plants.
One of the earliest attempts to estimate the radium content of
food was undertaken by Mayneord and associates (1958, 1960), who
made ot-radiation measurements of ashed samples of foods and
differentiated the a activities of the thorium and uranium series by
220

counting the double a pulses from the decay of

212

Rn and

Po.

226

Ra and

These early measurements served to approximate the total
228

Ra content of foods(Table 6) and were highlighted by the fact that

Brazil nuts were found to be much more radioactive than other foods.
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This was later investigated by Penna Franca, et al. (1968),

who

showed that the anomaly is due to the tendency of the Brazil nut tree
(Bertholletia excelsa) to concentrate barium, a chemical congener of
radium. Penna Franca found the radium content of Brazil nuts to
range between 273 and 7100 pCi/kg, with only 3 of 15 samples
assaying less than 1000 pCi/kg. The radioactivity was about equally
divided between

226

Ra and

228

Ra and was not related to the radium

or barium content of the soil in which the tree was grown. The
radium concentration of Brazil nuts is on the order of 1000 times
greater the radium concentration of Brazil nuts is on the order of
1000 times greater the radium concentration in the foods that make
up the average diet in the United states.
Fisenne

and Kelle (1970)

estimated

the

226

Ra intake of

inhabitants of New York City and San Francisco to be 1.7 and 0.8
pCi/day, respectively.
Table (6)
Alpha Radioactivity of Foods a
Maximum a activity
observed per 100 g (pCi)
1400
60
40
15
14
12
8
2
1-2
1-2
0.9
0.7
0.5
0-1

Foodstuff
Brazil nuts
Cereals
Teas
Liver and kidney
Flours
Peanuts and peanut butter
Chocolates
Biscuits
Milks (evaporated)
Fish
Cheeses and eggs
Vegetables
Meats
Fruits
___
a

Frorn Mayneord, etaLfl 958).
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However, this twofold difference is not reflected by differences in the
J
Ra content of human bone from the two cities, which were found
(Fisenne, et al, 1981) to be 0.013 pCi 2 2 6 Ra/g of bone ash for both
cities. Studies of this kind involve highly sophisticated and
sometimes uncertain food and bone sampling techniques which may
involve errors that can obscure differences of a factor of 2.

Radium-226 Content of Human Tissues
A number of investigators in various parts of the world have
00P>

provided measurements of the
Ra content of bone, which contains
about 80% of the total body radium. The median body burden is 23
pCi.
00 f\

Estimates of the dose delivered by
Ra and its daughter
products require knowledge of the fraction of radon retained by the
tissue in which the radium is deposited, since most of the dose is
due to alpha emissions from the decay of radon and its daughters.
The dose estimate is also complicated by the fact that the alpha
energy is deposited at loci determined by the pattern of deposition
within the tissue. UNSCEAR has used a radon retention factor of 0.33
and has assumed that the radium is uniformly deposited throughout
the bone. On this basis, the average annual effective dose equivalent
to bone from deposited radium is about 7 mrem, using a quality factor
of 10 for the dose from alpha emissions (UNSCEAR, 1982).

Thorium-232
The thorium content of various rocks, as reported by Foul, (1954),
indicates a range of 8.1 to 33 ppm for igneous rocks, with a mean
value of 12 ppm. Rankama and Sahama(1950)
reported that the
concentration in sandstone is 6 ppm, intermediate between
limestone and the igneous rocks. The thorium content of igneous
rocks is thus about four times the uranium content, but since the
specific activity of 232 Th is 0.11 pCi/g, compared to 0.33 pCi/g 2 3 8 U,
the radioactivity due to the two nuclides is more nearly 1 : 1 . Later it
23

will be. seen that there are areas of the world in which the
contel pf rocks and soils is very much greater than normal.
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The characteristics of the thorium series are different from those
of the uranium series in a number of respects :
1. 2 2 8 Ra has a shorter half-life than 226 Ra (5.8 compared to 1620
years).
2. 2 2 8 Ra is a (3 emitter that decays to a-emitting 228 Th, which has a
half-life of 1.9 years. 228 Th, in turn, decays through a series of aemitters including the noble gas
Rn (thoron), which has a halflife of only 54 see, compared to 3.8 days for
Rn. Because of its
short half-life, thoron has less opportunity than radon to diffuse
from the matrix in which it is found
228

3. The solubility of

22G

Ra in soil is comparable with that of

Ra, but

no

the dose rate to an organism from assmilated Ra, a p emitter, is
time-dependent because the dose depends on ingrowth of a23&TT-V

emitting

^Th and its short-lived descendants.
238

4. In the
Ra chain, there is no long-lived "stopping" nuclide
comparable to wPb (T 1/2 = 22 years). The longest-lived nuclide
beyond 228 Th is 2 1 2 Pb, with a half-life of 10.6 hr. The dosimetry
and radiochemistry of the thorium series tend to be complicated
by these characteristics (Fresco, et al., 1952).
Because of its relative insolubility and low specific activity,
^h
is present in biological materials only in insignifiat amounts. Unsalata,
et al.f (1986a) have reported 3Hfh concentrations in the edible
portions of washed vegetables grown in silty clay and peaty soils of
New York State to range between 0001 pCi/kg (fresh weight) for
carrots and 0.093 pCi/kg for a variety of squash. The mean value for
25 vegetable saples including potatoes, corn kernels, carrots, beans,
and squash was 0.018±0.022 pCi/kg (fresh weight). Wrenn, et al.
(1981) measured 232 Th, 23a Th. 228 Th in the tissues of residents of
New York and Colorado. Thorium was found to be present in the
highest concentrations in pulmonary lymph nodes and lung,
indicating that the principal source of human exposure is inhalation
of suspended soil particles. Because thorium is removed from bone
230

very slowly, the concentrations of both
Th (which is found in the
238
232
U decay series) and Th were found to increase with age.
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Radium-228 (Me so thorium)
228

Although
Ra (referred to as mesothorium in some earlier
writings) frequently ocurs in soil and water in approximately a 1 : 1
ratio to
Ra, there is surprisingly little information about its
occurrence in foods or in human tissues, systematic 228 Ra
measurements in food and water have not been made on a scale
comparable to those of 2 6 Ra, but such data as do exist suggest that
228

under normal circumstances the
Ra content of food, water, and
human tissues is one-half to one-fourth of the 2 2 6 Ra content
(UNSCEAR, 1966).

Radon-222 and Radon-220 (Thoron)
When
Ra decays by a-emission, it transmutes to its daughter
222
Rn, an inert gas with a half-life of 3.8 days. Similarly, 224 Ra, which
is a descendant of HTh, decays by a-emission to 54-sec 220 Rn,
commonly known as thoron.
The 3.8-day radon isotope has a greater opportunity than the
nuclei of shorter-lived thoron to escape to the atmosphere. The
mechanisms by which radon diffuses from soil into the atmosphere
have been discussed by Tanner (1964, 1980).
The average radon concentration in Washington, D.C., has been
shown by Lockhart (1964) to be more than 100 times greater than
the average concentration in ice-covered Little America and more
than 12 times the values observed at Kodiak, Alaska. The same
investigator reported wide variability from day to day. For example,
the mean daily concentrations varied more than a hundredfold in
Washington, D.C., during 1957. (Lockhart, 1958). Gesell, (1983) has
reviewed the reported data from various parts of the United States
and estimates the annual average concentration to range from 0.016
pCi/liter in Kodiak, Alaska, to 0.75 pCi/liter in Grand Junction,
Colorado. The average annual concentrations showed less variation at
four more normal localities (0.22-0.30 pCi/iiter).
Other reports from several countries indicate that the average
concentrations of radon in outdoor air may be taken normally to be in
206

the range 0.1-0.5 pCi/liter. A number of investigators have observed
periodicity in hour-to-hour observations of the radon and thoron
content of outdoor air (UNSCEAR, 1982). Maximum concentrations
are observed in the early hours and the lowest values are found in the
late afternoon, when the conentrations are about one-third the
morning maxima (Gold, et al.f 1964).
It is likely that the variations at any given locality are dependent
on meteorological factors that influence both the rate of emanation of
the gases from the earth and the rate of dilution in the atmosphere
(Wilkening, 1982). Thus, the rate of emanation from soil may
increase during periods of diminishing atmospheric pressure and
decrease during periods of high soil moisture, although the evidence
is not consistent on this point. It is also likely that the history of an
an mass for several days prior to observation influences its radon and
thoron content (Barreira, 1961). Passage of the air over oceans, and
possibly precipitation, would tend to reduce the concentration of
these gases, whereas periods of temperature inversion should cause
the concentrations to increase by limiting the volume of the
atmosphere within which dilution can take place. The gases can be
expected to be present in greater amounts over large masses of
igneous rock than over large bodies of water or over sedimentary
formations
Because the daughter products of radon and thoron are
electrically charged when formed, they tend to attach themselves to
intert dusts, which are normally present in the atmosphere. If the
radioactive gases coexist with the dust in the same air mass for a
sufficiently long time, the parents and their various daughters will
222

achieve radioactive equilibrium. The growth of the
Rn daughters
approaches an equilibrium in about 2 hr and beyond that time further
growth would slow because of the presence of 22-year 2 1 0 Pb. Blifford
and associates (1952) investigated the relationships between the
concentratins of radon and its varius decay products in the normal
atmosphere and found, as would be expected, that the atmospher is
markedly depleted in 210 Pb relative to the precursors of this isotope.
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This is because the inert dust of the atmosphere, the radon, and the
radon daughters coexist long enough under normal circumstanes for
equilibria to be reached between radon and the shorter-lived
daughters. Since the radionuclide with the longest half-life prior to
210
Pb is 26.8-min 2 1 4 Pb, equilibrium is reached in about 2 hr. The
210

pb, which has a 22-year half-life, would take about 100 years to
reach equilibrium. Various mechanisms exist for removing dust from
210

the atmosphere, and the ratio of
Pb to its shorter-lived ancestors
was shown by BlifTord to be indicative of the length of time the dust
resides in the atmosphere. He concluded by this method of analysis
that the mean life of the atmospheric dust to which the radon
daughters are attached is 15 days.
222

Wilkening (1964), found the concentration of
Rn daughters in
the atmosphere to be depleted during passage of a thunderstorm. He
attributed this to the action of electric fields, which changed from a
normal value to about 1.8 to -340 V/cm. Deposition of the daughter
products during rainstorms may teporarily increase the gamma
background.
220

The thorium series below thoron ( Rn) has no long-lived
member. The equilibrium between thoron and its daughters will be
achieved at a rate governed by the tie required for the buildup of
212
PB (half-life 106 hr)
The natural radioactivity of atmospheric dust, owing primarily to
the attached daughters of radon, can be demonstrated readily When
air is drawn through filter media, the radon daughters attached to
the filtered atmospheric dust cause both the a and p activity of the
filter media to rise. Curve A of Fig. 1 (Annex II) illustrates the manner
in which the increase in a radioactivity occurs in the case of normal
air containing 0.05 pCi/liter of radon in equilibrium with its daughter
products. The rise in a activity increases for about 2 hr, at the end of
which time the accumulated daughters decay at a rate copensated by
the newly deposited daughters. The radioactivity of the filter media
will not increase beyond this equilibrium unless the rate of air flow or
the concentration of radon is208
increased. When air flow ceases, the a

radioactivity of the filter will diminish, as shown in curve B of fig. 7-3,
with an effective half-life of about 40 min.

Indoor Radon
One of the most surprising developments during the past decade
has been the finding that in many homes the concentration of 2 2 2 Rn
(and radon daughter products) is so high as to involve risks far
greater than those from many other pollution hazards that have
attracted attention The problem exists mainly in residential
dwellings because the radon originates from the soil and ground
water, which have their greatest effets on one or two-story buildings.
The building materials themselves are a minor source of radon
compared to soil and ground water, except where the materials
contain relatively high concentraations of radium. This is true, for
example, where gypsum board has been manufactured as a by-product
of phosphate mining.
Interest in indoor radon developed worldwide in the mid-1970s,
when convenient instrumentation became available. This happened to
coincide with the emphasis placed on the need to conserve energy by
weatherproofing homes, thereby reducing the rate of infiltration of
outside air. It was widely believed that the high radon concentrations
found were the result of the energy coservation programs, since the
radon concentrations would be expected to be inversely proportional
to the rate of ventilation which, in the U.S. homes, ranges from 0.5 to
1.5 air changes per hour. However, recent studies have shown that
the ventilation rate does not have a major influence on the radon
concentration in homes because the rate varies only within a factor of
about 3, whereas other variables can have a more pronounced effect.
Steinhausler, (1975) has shown that meterological factors in articular
can influence that indoor concentrations of radon and its daughters.
Radon can enter the indoor atmosphere in a number of ways,
including diffusion for materials of construction or diffusion from soil
through breaches in the foundation. However, there is evidence that
diffusion of radon from soil is a minor source compared to the
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movement of soil gases directly through the foundation as a result of
slight pressure differentials that can result from barometric changes,
temperature differentials, or wind velocity. Water supplies ordinarily
make a small contribution to the indoor radon concentration, but can
be the predominant source in areas where the radon content of
ground water is unusually high. The approximate contributions of
various sources to the indoor radon concentrations are given in Table
7 (Nero, 1985).
Table (7)
Approximate Contribution of Various Sources to
Indoor Radon Concentrationsa
Single-famil

Apartments

1.5

<1

0.01 a
0.05

0.01 b

Source
Soil (estimates based on
flux measurements
Public water supplies
Building materials
Outdoor air

0.2

0.1
0.2

a From Nero (1985).
~"~"
b Applies to 80% of the population t h a t are served by public supplies. The
contributions may average about 0.4 pCi/liter in homes using private wells, with
higher concentrations in some areas.

Radon in Natural Gas
A radioactive gas that had properties similar to those of the
"radium emanation" was first separated from petrolium in 1904
(Burton, 1904).
Thus, it is not surprising that radon is also present in natural gas It is
found at the wellhead in concentrations that average about 40
pCi/liter, but samples from some fields contain more than 1000
pCi/liter (Johnson, et al.f 1973; Gesell, 1975). Natural gas at the
wells contains from 55 to 98% methane and a much smaller
percentage of other heavy hydrocarbons (ethane, propane, butane) as
well as^arbon dioxide, nitrogen, helium and water vapor The gas is
blende^ and processed to produce liquefied petroleum gas (LPG), a
210

product that consists mainly of propane with lesser amount of ethane.
The boiling point of radon is close to that of propane and ethane,
which has the effect of increasing the radon concentration in LPG
while reducing the concentration in the methane-rich gas pumped
into the pipelines. The long-lived daughters of 222 Rn (210Pb and
210

Po) tend to accumulate on the interior surfaces of the LPG plant
machinery and constitute a potential source of exposure of
maintenance personnel (Gesell, et al, 1975; Summerlin and
Prichard, 1985).
Since radon has a half-life of only 4.8 days, exposure of the
consumers is influenced by storage time of LPG as well as the
pipeline transit time. In 1977 it was estimated that radon from
natural gas results in an average does of about 5 mrem to about 125
million persons living in homes in which natural gas is used (NCRP,
1977c).
Lead-210 and Polonium-210
Lead-210 (sometimes called by its historic designation, radium D)
222

is a 22-year p emitter separated from its antecedent
Rn by six
short-lived a and (3 emitters. The longest-lived radionuclide between
222
Rn and 210 Pb is 2 1 4 Pb, which has a half-life of only 26.8 min. The
210
Pb is produced rapidly, but its long half-life allows very little to
decay in the atmosphere before it precipitates to the earth's surface,
mainly in rain or snow
The 2 1 0 Pb content of the atmosphere has been found to vary from
4.8 x 10' 3 to 26 x 10"3 pCi/m 3 .
Radioactive disequilibria are found in the upper profiles of rocks
and soils from which
Rn diffuses. Atmospheric transport and
210
210
deposition of Pb cause
Pb to be distributed in a more uniform
226
pattern than the Ra from which it is derived. It would also be
210

expected that broad-leaved plants on which
Pb is deposited would
be enriched in this radionuclide.
The 2 1 0 Pb/ 2 l 0 Po ratio depends on the length of time 2 1 0 Pb exists
within a matrix and whether the polonium is selectively removed
211

from its site of prodution by chemical or biological mechanisms.
210

Since
Po has a half-life of only 138 days, appreciable ingrowth in
vegetation can take place during a single growing season, and
additional buildup can occur during food storage, with equilibriu
210

being reached in about 1 year. When
210

Pb is absorbed into the body,
210

ingrowth of
Po can occur because
Pb has deposited in the
skeleton, from which it leaves slowly, with a half-life of about 10 4
days.
Jaworowski, (1967) reported that rainwater contains from 1 to
210

10 pCi/liter of
Pb with a mean of about 2 pCi/liter. In an area
having 1 m of rainfall per annum, this would indicate a fallout of about
2 mCi/km 2 per year. UNSCEAR (1982) estiates that the average daily
210

intake of
Pb from dietary sources is about 3 pCi under normal
circumstances. Holtzman (1980) found lower values for U.S.
residents, a mean of 1.4 pCi, with a relatively narrow range of 1.3-1.6
pCi/day.
The concentration of
Pb in a "standard" diet was found by
Magno, et al. (1970) to be not significantly different between
locations in the United States and averaged 0.80 pCi/kg. His values
were in good agreement with those reported by Morse and Welford
(1971), which ranged from 0.70 to 1.0 pCi 21O Pb/kg in eight U.S.
cites. Using the ICRP model for lead transfer from the
gastrointestinal tract to blood, it can be estimated that about 0.2
pCi/day of 210 Pb reaches the bloodstream of average inhabitants of
the United States According to Morse and Welford, air and food
210

210

contributed about equally to the blood level. The
Po and
Pb
contents of the stadard diet are equal, indicating that in most foods
there has been sufficient time for this nuclide to reach equilibrium
with 2 l 0 Pb.
210

There are two notable groups in which the dose from
Po is apt
to be exceptionally high: cigarette smokers and residents of the
northlands who subsist on reindeer that consume lichens.
Marsden and Collins (1963) 212originally noted the presence of
alpha acitivty in tobacco, following which Radford and Hunt (1974)

210

measured the concentrations of
Po in cigarettes, and Little, et al.
(1965)
demonstrated that
Po was present in the lungs of
cigarette smokers. Subsequent investigators have studied this
phenomenon (Cohen, et al., 1980) and concluded that the dose to
the basal cells or the bronchial epithelium in cigarette smokers is
increased by 2-12 mrem/year. Autoradiogrpahs of the bronchial
210

epithelium from one smoker showed the

Po to be highly localized.

210

If the
Po remained fixed in position, the dose to the tissue
surrounding the "hot spot" would be much higher than the average
dose to the basal cells of the bronchial epithelium. Based on a-track
measurements of autoradiographs of the lung tissue of 13 smokers,
Rajewsky and Stahlhqfen, (1966) had previously estimaled that the
basal cells of the subsegmental bronchi of cigarette smokers may
receive as much as 86 mrem/year and the basal cells of the terminal
bronchi may receive as much as 150 mrem/year. These values are
higher than those reported by Cohen, et al. (1980).
210

210

Compared to nonsmokers, about twice as much
Pb and
Po
are found in the ribs (Holtzman and Ilcewicz, 1966). Ribs from
smokers contained 0.28 pCi 2 1 0 Pb/g ash and 0.25 pCi 21O Po/g ash
2 10

The lungs contained5.9 pCi
Po/kg wet. From these data, holtzman
estimated that the dose to the total skeleton is elevated by about 30%
in cigarette smokers and the dose to the cells of the bone surface is
increased by about 8%.
210

Polonium-210 is believed to enter tobacco by ingrowth of
Pb
deposited on tobacco leaves from the atmosphere (Martell, 1974).
Direct uptake of
Po from soil is probably not significnt. The
transfer coefficient to vegetables grown in 210 Po-contaminated
alkaline soil has been found to range from about 6 x 10" to 10"
(Watters and Hansen, 1970). Hill (1966) found a close correlation
between the 210 Po and 137 Cs contents of human tissues from
Canadian subjects, thus strengthening the suggestion that dietary
habits that tend to favor broad-leaved vegetables or other foods
210

subject to surface deposition may influence the
Po content of the
213
tissues Cesium-137 is known to be absorbed by humans mainly from

surface deposition on plants. Others have noted that pipe tobacco
210

contains less
Po than cigarettes, apparently because the tobacco
used for smoking pipes is not aged as long as cigarette tobacco
(Harley and Cohen, 1980).

Potassium-40
Of the three naturally occurring potassium isotopes, only ^ K is
unstable, having half-life of 1.3 * 10 years. It decays by (3 emission to
Ca, followed by K capture to an excited state of A and y-ray
60

emission to the

A ground state. Potassium-40 occurs to an extent of

0.01% in natural potassium, thereby imparting a specific activity of
approximately 800 pCi/g potassium. Representative values of the
potassium content of rocks, as summaried by Kohman and Saito
(1954), indicate a wide range of values, from 0.1% for limestones
through 1% for sandstones and 3.5% for granite.
The potassium content of soils of arable lands is controlled by the
use of fertiliers. It is estimated that about 3000 Ci of ^ K is added
annually to the soils of the United States in the form of fertilizer
(Guimond, 1978).
A person who weighs 70 kg contains about 140 g of potassium,
most of which is located in muscle. From the specific activity of
potassium, it follows that the K content of the human body is of the
order of 0.1 jiCi. This isotope delivers a dose of about 20 mrem/year
to the gonads and other soft tissues and about 15 mrem/year to bone.
Because of its relative abundance and its energetic P emission (1.3
MeV), ^ K is easily the prodominant radioactive component in
normal foods and human tissues. It is important to recognize that the
potassium content of the body is under strict homeostatic control
and is not influenced by variations in environmental levels. For this
reason the dose from ^ K within the body is constant.

2U

Seawater contains 40K in a concentration of about 300 pCi/liter.
Rubidium-87
Of the two rubidium isotopes found in nature, 85Rb and 87Rb, only
the latter is radioactive, with a half-life of 4.8 * 1010 years. Rubidium87 is a pure p emitter, and it is present in elemental rubidium in the
amount of 27.8%, which endows this element with a specific activity
of 0.02 pCi/g. Pertsov (1964)

quotes Vinogradov in listing the

rubidium content of all but highly humic soils as about 0.01%. The
Rb content of ocean water has been reported to be 2.8 pCi/liter,
with marine fish and invertebrates ranging from 0.008 to 0.08 pCi/g
wet weight (Mauchlie and Templeton, 1964).
It is estimated (UNSCEAR, 1982) that the whole-body dose from
fi7

Rb is 0.6 mrem/year on average.
Natural Radioactivity in Phosphate Fertilizers
Phosphate fertilizers are used in huge amounts everywhere in the
world and are essential for food production. The natural resource
from which agricultural phosphorus is obtained is phosphate rock,
found in sedimentary formations, usually interbedded with marine
shales or lmestones.
It has been known since early in this century that the phosphate
rocks contain relatively high concentrations of uranium. The
concentration of uranium in U.S. phosphate ores ranges from 8 to
400 ppm. The phosphate rocks from the important Florida deposits
average 41 ppm, with 226Ra in secular equilibrium. Phosphate rock is
mined in huge quantities: it is reported that in 1974 about 26 million
tons of ore were sold for fertilizer production in the United States,
and that the ore contained about 1000 Ci of 226 Ra in equilibrium with
238

U (Guimond, 1978).
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Several types of phosphate fertilizers are produced, and these are
usually blended for application in the field. The radium and uranium
tend to separate in the process of producing phosphoric acid, an
important step in fertilizer manufacture (Roessler, et at., 1979). The
radium passes to the gypsum produced as a by-product. A smaller
fraction of the radioactivity is rejected in the process and ends up in
the mounds of stored waste products.
Elevated concentrtions of radon are found within structures
located on land reclaimed from phosphate mines (Guimond and
Windham, 1980; Roessler, et at., 1983). A survey of indoor radon and
radon decay product exposures in buildings on or near the Florida
phosphate deposits was conducted by Guimond and windham, who
found that 71% of homes built on reclaimed land contained more
than 0.01 WL and 23% contained more than 0.05 WL. High levels
were also found in structures built over mineral deposits that had not
been mined, but relatively few measurements were made. Although
these radon concentrtions are above the average concentrations
found in U.S. homes, it is noteworthy that many homes in areas of the
United States contained higher concentrations than are found in the
phosphate regions.
The high concentrations of
Ra also result in incresed gammaradiation exposure in homes built on reclaimed land. Johnson and
Bailey (1983) found excess gamma dose to average 17 mrem/year,
with value ranging as high as 166 mrem/year.
The radioactivity associated with land relaimed prior to the 1940s
tends to be higher than that in land reclaimed more recently,
because methods have been developed for separating the phosphaterich clay fraction of the deposit. A major fraction of the radium and
uranium associated with the phosphate minerals was formerly
returned to reclaimed land (Roessler, et al.f 1980).
The contribution of uranium and radium to agricultural lands due
to the application of phosphate fertilizers does not significantly affect
the dose received from the general population (Kirchmann, et at.,
1980; My an, 1981). However, phosphorus, in the form of mineral
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phosphate rock, is sometimes added to cattle feed, and this practice
can result in increased levels of uranium and radium in cows milk
(Reid, et al., 1977). However, continued application of phosphate
fertilizers to soil over a period of many years could eventually double
the radium and uranium content of the soil, which would result in a
corresponding doubling of the dose to bone.

Natural Radioactivity in Building Materials
Two important by-products from the processing of phosphate
rock are gypsum nd calcium silicate slag, both of which are used in
the building industry. Use of these products in buildings may increase
the gamma radiation exposure.
The Federal Republic of Germany conducted a survey of 30.000
dwellings and found that, on average, the external radiation exposure
was 33% higher within the dwellings than outdoors. Thus, although
the building materials absorb the radiation that originates outside the
building, exposure within the building is more than compensated by
the present of radionuclide in the materials of construction (Kolb and
Schmier, 1978).
Since most people spend 90% of their time
indoors, the dose they receive from external natural radiation is
incresed somewhat. According to Kolb nd Schmier, the absorbed
dose to the population of the Federal Republic of Germany ranges
from 40 to 80 mrad/year indoors (for continuous exposure)
compared to 30-60 mrad/year for continuous outdoor exposure.
Building materials en also be a source of radon, as was discussed
earlier.

Natural Radioactivity in Fossil Fuels
coal contains radionuclides of the uranium and thorium series, as
well as ^ K . The quantity of radionuclides discharged to the
atmosphere per ton of coal consumed depends on the concentration
of radionuclides in the coal, the method of combustion, and the
efficiency of fly ash recovery. The uranium and thorium
concentrations in mined coal have been assembled from various
sources-by Beck, et al. (1980).
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The mean value for all coals sampled is 1.7 p.g/g for uranium, and
4.5 \ig/g for natural thorium, which is similar to the average
concenrations found in soils and rocks. Most investigators have found
that the various radionuclides of the uranium and thorium series are
in secular equilibrium. Beck, et al. (1980) noted that there have been
exceptions, but did not consider the evidence for disequilibria to be
conclusive.
Because enrichment of some radionculides occurs in th stack, the
210

concentrations of

210

Pb and

Po in the fly ash are 5-10 times

greater than in the original coal (Beck, et al., 1980). The emissions
of radionuclides from a typical 1000-MW electric power plant in
1972 are given in Table 8.
Table (8)
Estimated does Equivalents to Lung of Maximum Exposed Individuals
from Model Coal-Fired Power Plant Releases a
Nuclide
238 U
230Th
226
210

Ra
Pb

210 p o
232Th

234 U

Does equivalent (mrem/year)
1972 reference plant
Modern plant
0.009
0.46
0.015
1.55
0.23
0.003
0.22
0.005
3.10
0.075
0.93
0.009
0.018
0.004
0.14

228

Ra
Total

1.85
0.38
8.7

a From Beck, et al. (1980).

The normal levels of uranium and thorium in the environs are
sufficiently high that changes due to the emissions from coal-fired
power stations are barely detectable: some investigators (Bedrosian,
et al., 1970) found no changes in the vicinity of an old, relatively
poorly controlled plant, and Beck, et al. (1980) could find only slight
changes in a carefully designed survey of several plants. It has been
found, Jiowever, that the

Ra content of snow downwind of coal-
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fired power plants is higher than the concentration in rainwater
(Jaworowski, et al., 1975). The concentrations of naturlly occurring
radionuclides in airborne particles collected in the vicinity are
elevated above background, and increase the dose to the lung, as
shown in Table 7-14. It is seen that there has been major reduction
in the dose equivalent received from a modern plant compared to the
1972 plant, which operated without stringent fly ash control.
The first report on radioactive emissions from coal-burning power
plants (Eisenbud and Petrow, 1964) concluded that when the data
were normalized for their radiotoxicity relative to the emissions from
the first commercially operated pressurized water reactors, which
had just begun operation, the dose from the fossil fuel emissions was
greater than that from the nuclear reactors. However, the stringent
reuquirements of the Federal Clean Air Act have since resulted in
substantial reductions in the lung dose from the fly ash emissions, as
shown in Table 7-14.

Induced Radionuclides
A number of radionuclides that exist on the surface of the earth
and in the atmosphere have been produced by the interaction of
cosmic rays with atmospheric nuclei. The most important of these
are tritium (3H), 14C, and Be, and of lesser important are Be, Na,
32 p 33 p 35g a n d 39 C1 T h e p r o p e r t i e s o f these isotopes and the
extent to which they have been reported in various media are listed
in Table.
Carbon-14 is formed by l4 N capture of neutrons produced in the
upper atmosphere by cosmic-ray interactions. The incident cosmicray neutron flux is approximately 1 neutron/sec per square centieter
of the earth's surface, and essentially all these neutrons disappear by
14
N capture (Anderson, 1953). The incident neutron flux integrated
over the surface of the earth yields the natural rate of production of
14
C atoms, which has been estimated to be 0.038 MCi/year
(UNSCEAR, 1977) and is believed to have been unchanged for at least
15,000 years prior to 1954, when nuclear weapons testing began to
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alter the normal C inventory to a noticeable extent (NCRP, 1985b).
Carbon-14 of natural origin is present in the carbon of all biota at
the historically constant amount of 6 pCi/g C. After death of an
organism, the C equilibrium is no longer maintained, and the ratio
of 14C to 12C diminishes at a rate of 50% every 5600 years, which
makes it possible to use the C content of organic materials for the
purpose of measuring age (Libby, 1952).
The total carbon content of the body is approximately 18%, or
12.6 kg for a 70-kg man, and the C body burden from natural
sources is thus of the order of 0.1 piCi, but the dose is small owing to
the soft quality of the 14C P particles (0.01 MeV). It is estimated that
the dose from 14C is 2.4 mrem/year to the skeletal tissues of the body
and 0.5 mrem/year to the gonads (UNSCEiAR, 1982).
Tritium ( H), a radioactive isotope of hydrogen, is formed from
several anteractions of cosmic rays with gases of the upper
atmosphere (Suess, 1968). Existing in the atmosphere principally in
the form of water vapour, tritium precipitates in rain and snow. Like
C, it is produced in termonuclear explosions. The natural
production rate of H is estimated to be about 0.19 atom/cm sec,
corresponding to steady-state global inventory of about 26 MCi
(NCRP, 1979).
The natural concentration of tritium in lakes, rivers, and potable
waters was reproted to have been 5-25 pCi/liter prior to the advent
of weapons testing (UNSCEAR, 1982). The annual absorbed dose
from tritium of natural origin is estimated to be about 0.001
mrem/year, uniformly distributed in all tissues.
The other nuclides formed from cosmic-ray interactions with the
atmosphere my be potentially useful as tracers for studying
atmospheric transport mechanisms, but relatively few observations
have been reported.

Ureas Having Unusually High Natural Rdioactivity
00'fi

Except for brief mention of the occurrences of high levels of
Ra
in well water, the discussion of natural radioactivity has thus far been
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limited with levels to which people are normally exposed. There are.
in addition, places in the world where the levels of natural radiation
exposure are abnormally high.

The Mineral Springs
It has long been known that many mineral springs contain
relatively high concentrtions of radium and radon, and in may places
in the world the radioactivity of the springs has been exploited for its
alleged curative powers.
Published values of
Ra in mineral waters ranged to more than
100 pCi/liter (United Nations, 1958), which is several thousnd
times greater than the values normally reported for public water
supplies. However, to illustrate the fact that the values reported for
spring waters are not typicl of the drinking water of the region, the
99(3

Ra concentration in tap water of Bad Gastein is reported to be
0.62 pCi/liter, compared to 100 pCi/ml for some of the local springs
(Muth, et at, 1957).
About 5 million liters of water that contain high concentrations of
radon are discharged daily from hot springs in Bad Gastein. The
water is conveyed to hotels and bathouses, where 58 Ci/year are
released to the atmosphere. Uinov, et al. (1981) have described the
manner in which radon emanations from this water result in
exposure to the city residents, tourists who visit the spas, and
employees of the many bathhouses. They estimate that exposure of
some of the attendants is as high as 40 WLM/year.

Monazite Sands and Other Radioactive Mineral Deposits
Major anomalies in the concentrations of radioactive minerals in
soil have been reported in two countries, Brail and India.
In Brazil, the radioactive deposits are of two distinct types: the
monazite sand deposits along certain beaches in the states of Espirito
Santos and Eo de Janeiro and the regions of alkaline intrusives in the
state of Minas Gerais (Roser, et al., 1964; Brazilian Academy of
Sciences, 1977).
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Monazite is a highly insoluble rare earth mineral that occurs in
some beach sand togehter with the mineral ilmenite, which gives
those sands a characteristic black color. The black sands are
advertised for their radioactivity and are much sought by some
Brazilian tourists for their perceived benefits to health. The external
radiation levels on these black sands range up to 5 mR/hr, and
people come from long distances to relax on the sands and enoy the
many hotels that have been constructed to care for their needs. The
most active of these Brazilian vacation towns is Guarapari, which has a
stable population of about 7000 people and an annual influx of 10,000
vacationers. Some of the major streets of Guarapari have radiation
levels as high as 0.13 mR/h, which is more than 10 times the normal
background. Similar radiation levels are found inside some of the
buildings in Guarapari, many of which in parts of the village that are
not built on monazite sand, are nevertheless elevated in radioactivity
because the beach sands were incorporated into the building
materials. Roser and Cullen (1964) undertook extensive external
radiation measurements throughout the black sands region and
concluded that almost all the appproximately 60000 inhabitants of
the region were exposed to abnormally high radiation levels, but that
only small number (about 6600) were exposed to more than 0.5
rem/year. The population is too small to permit meaningful
epidemiologic investigations to be conducted, but cytogenetic studies
have shown a higher than normal frequency of a bnormalities in blood
chromosomes (Bardnski, et al. 1975).
The principal radionuclides in monazite are from the
^h
series, but there is also some uranium present and, therefore, some
opportunity for 226 Ra uptake. However, very little food is grown in
the monazite areas of Brazil, and the diets of the local inhabitants are
derived principally from outside sources. The exposures in the
monazite areas are due primarily to external radiation, and the
internal dose is not believed to be significant (Eisenbud, et al., 1964;
Penna Franca, et al., 1970).
In t^he state of Kerala, on the southwest coast of India, the
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monazite deposits are more extensive than those in Brazil, and about
100,000 persons inhabit the area. The dose from externl radiation is,
on average, similar to the exposures reported in Brazil (500-600
mR/year), but individual exposures up to 3260 mR/year have been
reported (Sunta, et at, 1982). The epidemiologic studies that might
be possible with a population of this size have not as yet been
undertaken, but some reports have been published. A higher than
normal incidence of mongolism (Down's syndrome) has been
reported in the high-background area (Kochupillai, et al., 1976), but
this has been refuted (Sundaram, 1977). In contrast to Brail, there
have as yet been no reports of cytogenetic studies in humans. Mistry,
et al. (1970) reported that uptake of 228 Ra by food grown in the
monazite area is greater than the uptake reported from Brazil.
A unique anomaly located near Pocos de Caldos, also in the state of
Minas Gerais, is the Morro do Ferro, a hill that rises about 250 m
above the surrounding plateau. Near the summit of the hill is a nearsurface ore body that contains about 30,000 tonnes of thorium and an
estimated 100,000 tonnes of rare earth elements. The ambient
gamma-radiation levels near the summit of the hill range from 1 to 2
mR/hr over an area of about 30,000 m 2 (Eisenbud, et al., 1984). The
flora from this hill have absorbed so much
Ra that they can readily
be autoradiogrpahed.
Studies have been undertaken of the exposures of rats living
underground on the Morro de Ferro. Of particular interest is the dose
220

to these rodents due to inhalation of
Rn, which was found by Drew
and Eisenbud (1966)
to be present in the rat burrows in
concentrtions up to 100 pCi/ml. The dose to basal cells of the rat
bronchila epithelium was estimated to be in the range of 3000 to
30.000 rem/year. Of 14 rats trapped and sacrificed for pathologial
study, none was observed to show any radiation effects. This is of
little significance, since the Morro do Ferro is a relatively small area,
and if rats were affected by this exposure they could be replenished
rapidly from the surrounding normal areas. By using
thermojuminescent dosimeters implanted in trapped rats that were
223
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CURRENT TRENDS IN RADIATION PROTECTION
IN EGYPT
MOHAMMAD A. GOMAA
ATOMIC ENERGY AUTHORITY
CAIRO, EGYPT.

ABSTRACT
This treatise presents the development of Radiation Protection in
Egypt over the past four decades. The contents will include a historical
synopsis, and the current state of art regarding competent authorities, the
hierarchy involved, and the respective responsibilities.
The recent publications of the international trends in Radiation
Protection are also mentioned. The efforts made towards the
implementation of the new recommendations on Radiation protection, and
updating of the Radiation Protection Legislations are also discussed. The
1994 International Safety standards, and the collective opinion of the
committee on Radiation Protection and Public Health (CRPPH) of the
Orgznization for Economic Co-operation and Development of the Nuclear
Energy Agency OECD/NEA are also summarized.
HISTORICAL
In Egypt, radiation protection awareness was recognised as early
as the mid fifties at the time when Peaceful Uses of Atomic Energy were
introduced as the main goal of the Egyptian Atomic Energy programme.
Radiation protection practices were implemented in all facilities
where radiation sources existed through basic radiation protection
measures, namely, operator distance from ionizing radiation sources,
minimizing exposure time, and shielding.
The Radiation Protection Activities in Egypt were and still remain
among the duties and responsibilities of the Atomic Energy Authority
according to Act 288. The regulations controlling the use of Ionizing
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Radiation and Protection against their Hazards were specified in
Governmental Decree No. 59, which mandated that both Ministry of
Health (MOH), and the Atomic Energy Authority (AEA) were the competent
authorities, with specific jurisdictions for each. All Radiation Protection
matters related to Sealed Sources, X-Ray Machines, and Accelerators, are
the responsibility of the Ministry of Public Health; and matters related to
Open
Sources, Nuclear Reactors, Radwaste, and Nuclear and
Radiological Accidents are the responsibility of the Atomic Energy
Authority.
During the mid seventies, and the early eighties, the need for
updating the Radiation Protection Regulations in Egypt appeared an
urgent issue to both competent authorities. The reasons behind this
urgency were the expanding application of radiation sources in medicine,
industry, and other fields; the increase in number of occupational
radiation workers; and the drafting of a new Act in 1983 pertaining to the
Nuclear Control and Safety of Nuclear Installations.
In 1982, the International Atomic Energy Agency (IAEA) introduced
Safety Series 9 as Basic Safety standards for Radiation Protection. This
document was essentially based on the International Commission on
Radiological Protection publication 26, 1997 introducing the System of
Dose Limitation, the source related principal of Justification of Practice,
and the individual related prinicipal of Optimization of Protection, and the
Annual Dose Limits.
The period that followed witnessed increased activity and efforts
on the part of scientists from the Atomic Energy Authority, and
responsible persons from the Ministry of Public Health. These efforts
were mainly directed towards the formulation of a scientific and
administrative structural hierarchy to promote Radiation Protection
Activities in Egypt. In 1988, both competent authorities MOH and AEA
sanctioned the recognition and adoption of IAEA, SS, 9, 1982 "Basic
Safety Standards" as the fundamental conceptual criteria for Radiation
Protection Regulation in Egypt. An Arabic translation was made at the
time by AEA staff. Training programmes in Radiation Protection were
intensely promoted.
COMPETENT AUTHORITIES
THE MINISTRY OF HEALTH [MOH]
The general layout of the current organizational structrure of the
Radiation Protection Activities of MOH is shown.
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Ministery of Health

Chairs

Central Committee Radiation
Protection (CCRP)

Vice Minister for Medical
Practice

Technical
Committee for
Ionizing Radation (TCIR)

General
Director
for
Radiological Practice and
EBRP

Executive
Bureau
for
Radiation Protection (EBRP)

For

Comptent Authority

X-Ray Machines,
Accelerators,
Sealed Sources.

The MOH issued the Ministerial order No.265 which stipulated the
"Radiation Protection Procedures for Industrial Radiography". This
ordinance was essentially based on ICRP publication 26,1977, and IAEA,
SS 9,1982; applying the System of Dose Limitation.
THE ATOMIC ENERGY AUTHORITY [AEA]
The new hierarchical organization of the AEA in Egypt was instituted
according to the following structure by Presidential Decree - 47,1991.
I

AEA chairman

|

Board of Directors.

Nuclear Research Center (NRC)
National Center for Radiation Research and Technology (NCRRT)
Hot Laboratories and Waste Mangement Center (HLWMC)
National Center for Nuclear Safety and Radiation Control (NCNSRC)
Comptent
Authority

for

Reactors, Unsealed Sources,
Waste Management

The Radioactive Waste Disposal Regulations was adopted in 1994
by the Board of Directors of AEA.
•Several Committees were formed at the AEA in order to formulate and
stipulate Radiological Protection and Nuclear Safety regulations, and
authorize their implementation. The following are the name of these
Committees:
• The Nuclear Regulatory and Safety Central Committee as the
Competent Authority for Nuclear Installations . (1995)

232

NAD-3

• The Consultative Committee on Radiological Protection and Nuclear
Safety.
• The Committee for Licencing Unsealed Sources.
• The Committee for Transport of Radioactive Materials.
• The Committee for Medical Response in Nuclear and Radiological
Accident.
• The Consultative Committee for detection of Radioactivity in Foodstuff
• The The Safety Analysis Report Committee for the Second Egyptian
Research Reactor.
IN 1995, the International Atomic Energy Agency published more
detailed information on: Operational radiation protection programme (SS101); Use of ionizing radiation and radiation protection (SS-102), and
Application of the system of dose limitation to potential exposures (SS104).
The consensus on the main elements of effective radiation
protection programme based on these publications include Organization
of Radiation Protection, Proper Selection and Training of personnel,
Occupational Radiation Control, Environmental Control, Emergency
Planning, and Quality Assurance of the Radiation Protection Programmes.
RADIATION PROTECTION GROUP
The Radiation Protection Group of the [Egyptian Society of Nuclear
Sciences and Applications (ESNSA), is the Affiliate society of IRPA in
Egypt. This group although small in number of its members, is very
active in promoting Radiation Protection concepts. This activity comes
under Radiation Protection Culture. Besides that, satellite meetings and
discussions are always held with other concerned groups from the
Ministry of Health, the Nuclear Materials Authority, the Nuclear Power
Plants Authority, and scientists from Universities and public sector; to
consider issues related to updating Radiation Protection Regulations in
Egypt. Other activities of this group include the participation in lecturing
at training programmes in Radiation Protection. Also authorship of a
comprehensive Radiation Protection Manuscript for teaching purposes,
and other publications on Radiation Protection of a general nature. This
Radiation Protection Group is intimately related with the National Network
of Radiation Physics, and other related groups, and the activities are
either incorporate or run in parallel.
THE INTERNATIONAL SAFETY STANDARDS.
In 1994, the IAEA introduced (SS-115 I) as the International Safety
Standards for Protection Against Ionizing Radiations and for the Safety of
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Radiation sources. This document has been adopted by all international
organizations involved. This document marks the culmination of efforts
that have continued over the past several decades towards the
harmonization
of
radiation
protection and safety
standards
internationally.
These standards are based primarily on the new recommendations
of the ICRP publication 60, 1990; and take account of the principals
recommended by the International Nuclear Safety Advisory Group
(INSAG), which under the auspices of IAEA, have been elaborating nuclear
safety concepts for nuclear plants and other radiation sources. The
Quantities and Units used in the standards are primarily recommended by
the International Commission on Radiation Units and Measurements
(ICRU).
The purpose of the standards is to establish the basic requirements
for protection against the risks associated with exposure to ionizing
radiations, and for the safety of radiation sources that may deliver such
exposure. For large and more complex radiation sources such as nuclear
reactors and radioactive waste management facilities, more specific
standards are issued by the IAEA which are typically needed to achieve
acceptable levels of safety.
The standards do not entail any obligation for states to bring their
legislation into conformity with them, nor are they intended to replace the
provisions of national laws or regulations. The standards are aimed to
serve as practical guide for authorities, employers, workers, and
specialized radiation protection bodies.
The basic principles are
indicated, and the various aspects necessary to implement an effective
radiation protection programme. The scope of the standards is limited to
the protection of human beings from ionizing radiation.
The structure of the standards comprises the aims and bases,
explains the underlying philosophy, and the governmental arrangements
for implementation of the standards. The requirements as defined by the
standards include general requirements, and requirements for practices,
and the indications, obligations, and requirements for intervention.
The document presents six appendices dealing comprehensively
with Occupational Exposure, Medical Exposure, Public Exposure,
Potential Exposures, Emergency Exposures, and situations of Chronic
Exposure. Six schedules are also presented for Exemptions; Dose Limits;
Guidance Levels of dose, dose rate and activity; Dose Levels for
Intervention; Guide Lines for Intervention in Emergencies; and Guidelines
for Action Levels in Chronic Exposure situations.
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Several important recommendations and issues related to updating
of Radiation Protection Regulations in Egypt should be considered. The
adoption of ICRP New Recomendations, publication - 60, (1991); and the
IAEA SS 115-1
"International Basic Safety Standards for Protection
Against lonzing Radiation, and the Safety of Radiation Sources (1994)"; as
the basis for Radiation Protection Practices in Egypt, and for the
reformulation and updating Radiation Protection Regulations.
COLLECTIVE OPINION OF THE CRPPH OF THE OECD/NEA
In 1994, the OECD issued important document entaitled Radiation
protection to day and tomorrow. The document represnts the collective
opinion of the Committee on Radiation Protection and Public Health
CRPPH of the Organization for Economic Co-operation and Development
of the Nuclear Energy Agency OECD/NEA.
The main contents of the document are an introductory note,
followed by scientific foundation, and conceptual frame work. The
Radiation Protection Infrastructure and Applications to practices and
intervention philosophy are indicated. Attention is given to the important
aspect of Radiation Protection Technology. A fundamental component of
operational
radiation
protection is the availability of adeqate
measurement equipment and techniqes, as well as modelling and
assessment methods and software. These are well developed for most
sitations. These new instruments should make it possible to determine
the type, the energy distribution, and the direction of the incoming
radiation in complex mixed fields with sufficiently high sensitivity.
The present passive personal monitors will be replaced by real-time
individual dosimeters, in which the radiation sensor and microelectronic
circuit are derived by a single piece of semiconductor material (typically
silicium). Both, hand-held instrumentation and individual monitors will
achieve characteristics typical of consumer-type products, such as low
cost, ruggedness, high reliability and long battery life. In general, these
improvements can be characterized as increased "convenience of use".
Radiation protection for accelerator operations requires specialised
instrumentation to measure high energy and high pulse-rate radiation.
Technology enhancement in this area should be pursued.
The importance of rapid monitoring systems to measure things
such as large stocks of food-stuffs, live animals, people, building
materials, import and/or export products, vast surfaces of land and high
altitude clouds will likely increase; the demand for a new generation of
instruments to meet these various needs is to be foreseen.
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In the area of worker protection, various techniques have been
introduced to reduce occupational exposure. However, to implement the
new ICRP recommendations, further improvement such as increased
radiation shielding and use of remote handling techniques for radioactive
sources, improved decontamination techniques and chemical removal of
corrosion products may be required. Robotics technology may be
necessary in some instances to achieve dose reduction objectives.
Sophisticated confinement techniques may also be required in certain
applications depending on the physical and chemical forms of radiation
sources.

NEEDS AND PROBLEMS RECOGNISED
*The Need for unification of the comptent authorities.
*The Need to update Ionizing Radiation Law, and Radiation Protection
Legislation.
*The Need to qualify more Health Physicists and Radiation Protection
Experts.
^Promotion of Radiation Protection Culture at all levels of administration.
^Training, of Radiation workers licencing of all facilities where radiation
sources are used.
* The Need for national inventory of radiation sources.
* The Need for new radioactive storage facilities for spent sources.
*The Need for Qualified accredited Dosimetric Laboratories, and promote
intercomparison dosimetric programmes.
*The Need to consider the implementation of the 1990 ICRP
recommendations, and the adoption of IAEA SS, 115-1 standards as
the Legislation basic criteria for updating the Radiation Protection
Legislation and Code of Practice.
GENERAL REFERENCES
1. Presidential Decree No. 288, Egypt (1957).
2. Presidential Decree No. 188, Egypt (1960).
3. Arab Republic of Egypt, Ionizing Radiation Law No. 59,1960.
4. Ministry of Health, Regulation of Ionizing Radiation 1962.
5. ICRP publication No. 26,1977.
6. IAEA, Safety Series No. 9,1982.
7. Draft Law on Nuclear Control and Safety and Civil Responsibility on
Nuclear Damage, and the Peaceful Uses of Nuclear Energy, Ministry of
Foreign Affairs, Egypt, 63-48 (1984).
8. Atomic Energy Authority Order No. 413,1986.

236
NAD-3

9. Ministry of Health, Industrial Radiography Regulations, 1989.
lO.Ministry of Health Order No. 265, Egypt (1989).
11.IAEA, Safety Series No. 101,1990.
12.IAEA, Safety Series No. 102,1990.
13.IAEA, Safety Series No. 104, 1990.
14.ICRP publication No. 60,1991.
15.IAEA, Safety Series No. 115-1 (1994).
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MONITORING NETWORK IN EGYPT
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ABSTRACT
Post accident environmental pollution with radionuclides occurs at accident
site, and can also cross borders to affect distant localities. The situation in Egypt
presents special importance regarding its position near Asian and Europian
nuclear sites. Also, the present and future nuclear installations in Egypt.
Environmental base line monitoring data

is essential knowledge in nuclear

practices.

For these reasons, the Egyptian government took steps to set up a national
response plan for dealing with inside and outside accidents. The key elements of
the plan is the establishment of a National Environmental Monitoring Network
(NERMN) and a Nuclear Emergency Response System (NERS).

The NERMN will detect radioactivity resulting from any accident affecting
the Egyptian territory even if it is not formally reported under international
agreements or if there are delays in notification.

Therefore, the system provides the means of assembling and analyzing the
radiological monitoring data related to the accident, and allowing information for
the authorities.

This trealiste presents the instrumental structure of the network,

and the various aspects dealing with its overall function .
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INTRODUCTION
The establishment and implementation of NERMN in Egypt are essentially
for two purposes, to detect radioactivity resulting from any accident affecting the
Egyptian territory even if it is not reported under International Agreements, or if
there are delays in notification; and to provide information which makes it possible
to evaluate and assess the accident situation. This will enhance introducing the
necessary countermeasures to keep the radiation doses to the public as low as
reasonably achievable.

The above objectives are met with through the use of a fully automatic
system

for gamma radiation monitoring, and a semiautomatic system for air

activity monitoring (aerosol), and a network of liquid monitors.

The fully automatic system makes use of gamma detection units equipped
with connections and interfaces for remote indication and alarm within 1000 Km
as an automatic processor-controlled system which sends the data to a central
control room, at the National Center for Nuclear Safety and Radiation Control,
Nasr City, Cairo.

The central control room contains data telecommunication facilities with
the monitoring stations via public telephone network. The semiautomatic system
for activity monitoring (aerosol) makes use of detection units for air activity
monitoring by measuring independently the gross beta activity and the alpha
activity both compensated for gamma emission. The system can be operated from
the central control room but the data are locally stored on a microprocessor and
can be collected periodically.

The central control facility contains the hardware

and software to process the data stored on the microprocessor in the monitoring
stations.

The proposed Environmental Monitoring System consists of a network of
forty two (42) Model ERM-2 (Eberline Instrument Corporation) environmental
monitoring stations, fourteen (14) beta aerosol monitors, and eleven (11) aquatic
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stations modem-linked to a Central Computer. The Central Computer contains
hadware and sofwnre support for collection of environmental data from all
monitors in the

system.

The various stations where the monitoring system

detectors are installed at various locations covers all the Egyptian territories from
East, North Coast, West, South, the Delta, and Upper Egypt. This distribution is
shown in the table.

ERM-2 ENVIRONMENTAL RADIATION MONITOR.
The model ERM-2 Environmental Radiation Monitor is a self-contained
radiation

measurement

system

designed

to

provide

continuous, on-line

quantitative assessments of environmental gamma radiation level. Each ERM-2
monitor is comprised of a Mode HP-270 energy compensated GM type detector
coupled to a single board data acquisition microcomputer with built-in computer controlled high voltage supply.

These components are protected by a sealed and

insulated weather proof enclosure. Battery back-up of the ERM-2 computer and
detector is provided for approximately 40 hours should AC power interruptions be
encountered. The ERM-2 is a data logging microcomputer based instrument which
has the capability to store up to several weeks of data for down-loading to a central
computer via a standard RS-232 serial communication port.

The

ERM-2 continuously stores approximately 1500 data points in its

internal battery-backed memory. When operating in a 10% fixed percision mode
at normal background levels, this corresponds to approximately 3 weeks worth of
storage.

In the event, the Central Computer is inactive for an extended period,

data is not lost. When this storage area is full, the ERM-2 discards the oldest point
and installs the new point at any time new log data is available while still
maintaining the latest 1500 data points.

The ERM-2 can be operated either as an integrating sealer with an operator
selected integration time or in a unique fixed precision mode w hereby the ERM-2
automatically varies the integration period with exposure rate to maintain a fixed
data precision of 2, 5, 8 or 10 percent. In either mode, the ERM-2 automatically
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stores an exposure rate average at the completion of the integration period which is
transferred to the Central Computer for storage the next time communication
between the two is established. When operated in the fixed integration time mode,
the operator and/or Central Computer is presented with a new reading on fixed
time intervals. The precision of the data varies with the exposure rate.

When operated in the fixed precision mode (the recommended mode of
operation for this system), the operator and/or Central Computer is presented with
new readings very frequently when the background is high and less frequently
when the background is low. With the HP-270 detector, which has a sensitivity of
approximately 2 cps/uSv/h and when operating in the 10% fixed precision mode,
the ERM-2 presents new data approximately every 17 minutes at 0.2 uSv/h and
every second at 1 mSv/h all with the same operator selected precision.

1. Gamma Radiation Monitor Detector.

The ERM-2 and Eberline model HP-270 consists of energy compensated
Geiger-Muller detector. The detector is mounted safely inside the low atomic
number ERM-2 case.

The reduction in detector photon response as a result of

being housed within the enclosure is less than 10% at 60 KeV and less than 4% at
1 Mev. The protection from vandalism, weather changes, and direct sunshine
afforded by placing the detector internal to the enclosure more than offsets the
minor loss in sensitivity.

A simple coax cable connects the detector to the ERM-2 electronics. The
detector can be removed in a few seconds for calibration or replacement. The
detector is very expensive to replace and should have a service life of several years.

The fact that the counting pulses from the detector are not affected by the
installed cabling allows the detector to be removed from the ERM-2 for calibration
on

an

Eberline

sealer or spare counting computer. The calibration constant

(count / Sv) is entered into the system parameter file of the ERM-Tcomputer either
locally or remotely at the central Computer. The calibration constant, detector
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dead time, and high voltage can all be viewed / adjusted remotely at the Central
Computer under password control.

Dead time compensation algorithms in the ERIM-2 automatically correct for
dead time counting losses. The linearity of the system is within ± 2% up to 10,000
uSv/h with a maximum deviation from linearity of less than 25% at the maximum
range of the detector (30,000uSv/h).

The energy response of the model HP-270

detector is + 17% from 60 KeV to 1.25 MeV. The linearity and energy response
are illustrated in figures 1,2 and 3.

The shield assembly, detectors and counting computers are housed within a
weather-proof electronics housing and mounted to a frame assembly with integral
shaded enclosure. The sample pump is a high temperature, totally enclosed, pump
is fitted with an Eberline air pump regulator to provide automatic flow control of
the sample stream.

A computer actuated relay control internal to the electronics

housing provides remote control of the sample pump allowing its actuation from
the remote central computer.

BETA AEROSOL MONITOR.
The beta aerosol monitor station block diagram is given in Fig. 4
1. Beta Aerosol Monitor Communications.
At each beta aerosol monitor the three ERM-2 counting servicing the three
detector channels are connected to a modem splitter which is then connected to the
station telephone modem.

The modem is housed within the electronics enclosure

on the beta aerosol monitor. This configuration gives the central computer a single
telephone line interface to all three counting computers at the station. Each
counting computer at the station has a unique hardware address enabling the
central computer to communicate with each computer independently. A failure of
any counting computer does not affect the ability of the Central Computer to
communicate with the remaining computers.
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2. Beta Aerosol Monitor Detectors.

Three active monitoring channels are used for data collection at each of the
monitoring stations equipped with a beta aerosol monitor.

The data from the

station gamma, beta particulate and alpha participate channels are all collected
and used by central computer in reporting the beta particulate activity. Data files
are created on the central computer hard disk for each monitoring channel.

The primary detector for the beta aerosol monitor is an Eberline model
RDA-3A beta scintillation detector which consists of a 2 inch diameter photo
multiplier tube.
The

The crystal is covered by a very thin (1.6 nig/cm) mylar window.

RDA-3A detector provides extremely good beta efficiency with very low

efficiency to interfering gamma radiation.

The secondary detector for beta aerosol monitor is an Eberline model RDS1 solid state alpha detector which is used to compensate the beta measurement for
naturally occurring daughters of radon.

The RDS-1 uses a 490 mm diffused

junction detector which has essentially no effeciency to radiation other than alpha.
The alpha activity measurement performed by the RDS-1 detector is a direct
indication of the beta emissions of radon daughters since the equilibrium ratio of
beta to alpha is very nearly a factor of 2.

3. Beta Aerosol Monitor Activity Determination.

The

beta particulate airborn concentration in units of activity per unit

volume of air (e.g.u Ci/cm3) cannot simply be measured directly from the filter.
Instead, the airborne concentration must be derived by the central computer by
determining the activity deposition rate on the fixed sample filter and taking into
account the total volume of air which has passed through the filter during the
deposition interval.

The activity deposition rate is determined by comparing the

average activity on the filter for two consecutive and equal time periods.

The sensitivity of the beta aerosol monitor is determined by taking into
account the sensitivity of the beta scintillation detector, the detector background,
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the monitoring period used to determine the concentration and the sample flow
through the filter for the monitoring period.

LIQUID MONITOR
The Liquid Monitor Station block diagram is shown is figure 5.

1. Liquid Monitor Communications.

At each liquid monitor the ERiM-2 counting computer servicing the
detector channel is connected to the station teleophone modem. The modem is
housed within the electronics enclosure.

2. Liquid Monitor Detector.

The detector for the liquid monitor is an Eberline model RDA-5A Nai
gamma scintillation detector which consists of a 2 inch diameter by 2 inch thick
Nai crystal coupled to a 2 inch diameter photo multiplier tube. The detector is
installed inside a 2.8 liter sample vessel through which the liquid sample flows.
The detector and sample vessel are shielded by 3 inches of lead shielding to
improve sensitivity and reject ambient background.

3. Liquid Monitor Activity Determination.

The liquid monitor is calibrated by removing the sampler assembly and
temporarily replacing it with a sealed calibration vessel containing a NBS traceable
solution of Cs-137 suspended in a liquid epoxy matrix. The solidified liquid epoxy
bonding reduces the possibility of leaking from the calibration source vessel.

Once this calibration is performed, the detector net count rate is a direct
indication

of the activity concentration of the liquid allowing the monitor to

directly measure the liquid concentration in unit of Bq/L.

The sensitivtiy of the liquid monitor is determined by taking into account
the sensitivity of the scintillation detector, the detector background and the
monitoring used to determine the concentration.

2UU

The top range of the monitor

106 cmp corresponds to a maximum

measurable concentration of 6.63 cpm/Bq/L or approximately lxlO5 Bq/L.

CENTRAL COMPUTER.
The proposed Central Computer consists of a U.S. manufactured 1MB
Model 80 386 computer with 2 Mbytes of random access memory, a high speed 80
Mbyte hard disk drive, a 20 Mbyte removable cartridge disk drive, a high density
(1.44 Mbyte) micro-floppy disk drive, a 1.2 Mbyte floppy disk drive, a serial RS232 interface, 80387 math co-processor, a parallel interface, a 250 cps NEC 5200
dot matrix printer, a mouse and a Virtual Graphics Array (VGA), color monitor
and video card.

An entire years worth of data for the proposed system can be

stored on a single removable cartridge.

5. Central Computer Communications.

All

communications between the ERM-2 monitor and the Central

Computer is error-checked via high reliability cyclic redundancy check (CRC-16)
algorithms thus assuring that all data transferred from the remote monitor has
retained its integrity.

Erroneous data transfers are re-requested by the Central

computer as needed.

The communication protocol is a high speed binary protocol utilizing IEEE
4 byte single precision floating point format for the transmitted data.
A 1200 band modem is connected to the Central Computer which enables it
automatically to call up and communicate with every monitor in the system.

2. Central Computer Software.

The programming in the Central Computer is written in comiled Pascal.
The graphics supported by the software is the fastest available on any system
running on a comparable computer, the current size of the program is less than
250K allowing ample room for future software expansion if needed. The following
tasks are supported by the Central Computer programming:
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LOGGING.
The Central Computer automatically polls all active environs monitors in
the system for stored log data. This data is stored to hard disk and used for report
generation. While logging is being performred, a system specific high resolution
color map display is constantly updated with the status and current reading of all
monitors. Status changes are constantly logged to the attached printer with data
and time stamps.

On one

hour intercals, the time clock in each counting computer is

synchronized with the central computer. At the same time, the disk stored channel
parameter Hie is compared with that stored in the counting computer for
automatic

verification of system calibration, detector high voltage, and other

operational parameters.

REPORTING.
Daily System Summary and Daily Monitor Specific reports are generated
both automatically and upon

manual command. Monthly System Summary

reports are generated when requested by the operator. A manually initited report
can be selected for any current or past archive period (day or month).

CHANNEL FILES.
A disk based library of channel parameter files is maintained on the Central
Computer disk drive. Files may be viewed, edited and/or printed at any time. All
changes to the operating parameters are protected by password control. The
operator has the option of manually requesting a monitor specific channel
parameter file download to intially start
parameters

up the system or verify that the

in the monitors are identical to those maintained by the Central

Computer.

GRAPHING.
The operator is able to request a screen graph generation of all the data
points logged for a specific monitor on any day down to a five minute detail. The
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operator can move a screen pointer to any point during the day and display the
digital reading associated with the selected time period. The minimum, maximum,
and average reading for the day is calculated and displayed along with a dashed
line plotted two standard deviations above and below the daily average.
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Beta Aerosol Monitor

The beta aerosol monitor consists of the following standard Eberline sub-assemblies:
•
•
•
•
•
•
•

Model SA-2A tead shielded sampler assembly (7.6 cm lead, 4rr)
Model RDA-3A beta scintillation detector
Model RDS-1 alpha diffused junction detector
Model IB-3C detector electronics for RDS-1
Regulated, 60 liter/mia sample pump
Three ERM-2 counting computers
Model HP-270 Energy Compensated Gamma Detector

OUTLET

INLET

IB-3C

RDS-1
ALPHA DETECTOR

PUMP
SAMPLE
PRESSURE

FILTER
FLOW
METER

SA-2A
HP-270
GAMMA DETECTOR

RDA-3A
BETA
DETECTOR

PUMP
CONTROL
220 Voc, 5 0 - 6 0 H i
15 A

COUNTING
COMPUTER

COUNTING
COMPUTER

COUNTING
COMPUTER

TELEPHONE
LINE
-MODEM SPUTTER

MODEM

F igure

L

&eta Aerosol Monitoring Station Block Diagram
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DistribuHon of Stations
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

City

Gamma

AerosoU

Water

Rafah
El-Arish
Damietta
Gamasa
Rosetta
Alexandria
FJ-Daba
Matruh
Salum
Kasima
El-Kantilla
Taba
Nuweiba
Sharm El-Sheikh
El-Tor
St. Catherine
Hurghada
El-Zagazig
El-Mansura
Tanta
Cairo
Beni suef
El- Minya
Asyut
Sohag
Qena
Aswan
Sewa
El-Dakhla
Port Said
Ismalia
Suez
Inshas
El-Faiyum

1*
1»
!•
1
1#
1*
1*
1*
!•
1
1
\*
\*
\*
1*
1
\*
\*
1*
!•
2*
\*
1*
I*
!•
1#
1#
I
1*
1»
1*
1*
7*
1*

1
•
1
•
1
1
1
1
2
1
1
1
1
2
-

1
-

1
1
2
2
1
-

1
1
2
1
5
1
2
1
1
1
3
1
1
1
2
1
1
1
2
5
1
1
1
1
1
2
1
1
4
4
3
9
1

Total

42

14

11

67

* Operating Stations
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2
1
-

Total

EG9601840
QUALIFICATION AND CERTIFICATION OF
NONDESTRUCTIVE TESTING PERSONNEL
ATEF E. ALY*
NATIONAL CENTRE FOR NUCLEAR SAFETY AND RADIATION CONTROL
ATOMIC ENERGY AUTHORITY
CAIRO, EGYPT
ABSTRACT
Nondestructive
testing
and
inspection
are
important
functions in achieving the goals of quality and efficiency
at an acceptable cost. All quality assurance systems
necessitate
that engineers, technicians and
craftsmen
are able to demonstrate that they have the required level
of knowledge and skill.
This applies particularly to Nondestructive Testing (NDT)
and inspection for two reasons. First, NDT and inspection
activities
are
very
operator-dependent
and
those
in
authority have to place great reliance on the skill,
experience and judgement of the people who perform them.
Secondly, in fabrication companies, inspection provides
the last line of defence before the product goes into
service. During service NDT and inspection provide the
only line of defence.
Once
the
inspection
programs
qualification and certification
the personnel responsible for
in order to ensure that these
required level of quality.

have been developed
a
system is required for
performing inspections,
are carried out to the

All national and international standardsand
guidelines
require that all personnel performing activities affecting
quality, specifically NDT personnel, shall be qualified
on
the
basis
of general
education, experience
and
proficiency required for performing the specific assigned
tasks (1). The presented paper shall highlight the most
important
national
and
international
standards
and
guidelines
addressing
training,
qualification
and
certification of NDT personnel.
1.0. CATEGORIZATION OF INSPECTION AND TEST PERSONNEL
Inspection consists of quality control (QC) actions which
by means
of examination, observation
or measurement
determine
the conformance of items and/or activities
with predetermined quality requirements. Testing is the
verification of the capability of an item to meet specified
requirements by subjecting the item to a set of physical,
chemical, environmental or operational conditions.
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National and international practices and qualification
standards distinguish two groups of inspection and test
personnel.
Firstly,
personnel
performing
NDT
(NDT
inspectors) and
secondly, personnel
performing
other
types of inspection and testing (QC-inspectors). NDT
personnel
perform
inspections
using
NDT methods
as
Radiographic
Examination
(RT),
Magnetic
Particle
Examination
(MT), Liquid
Penetrant
Examination (PT),
Ultrasonic Examination
(UT), Eddy Current Examination
(ET), Leak Testing (LT),and Visual Examination (VT) require
specific technical knowledge and respective qualification.
The qualification requirements may be classified into
a number of levels according to the capabilities and
the nature of the responsibilities of the personnel level
(level 1,2 and 3) (2). An individual certified to NDT
level 1 is qualified to carry out NDT operations according
to written inspections and under the supervision of level
2 or level 3 personnel. An individual certified to level
2 is qualified to perform and direct NDT according to
established
or
recognized
techniques.
He
shall
be
competent to develop NDT procedures, to interpret and
evaluate results according to applicable codes, standards
and specifications.
An individual certified to level 3 shall be competent
to carry out all duties for which a level 1 and level
2 individuals are qualified. In addition level 3 is capable
for designating the particular test method and establishing
acceptance criteria where none are otherwise available.
NDT level 3 is also able to qualify level 1,2 and 3
personnel.
Personnel performing direct inspections and test except
NDT may be classified on the basis of the technical
disciplines in which they perform their activities. There
may be many options for specialization, depending on
the type of industry and testing are, Mechanical Equipment
Inspections, Electrical Inspections, Civil Construction
Inspections, Welding Inspections, and Equipment Performance
Tests (2).
2.0. NDT PERSONNEL CERTIFICATION, THE OPTIONS
There are two main international systems for qualification
and certification of NDT personnel, namely, in-company
certification system and independent certification system.
In-company
certification
scheme the qualification and
certification of NDT personnel is controlled by the company
procedure (standard practice). This procedure is produced
and operated by the independently qualified person who
may be employed by the company's level 3 or be an outside
agency. In independent certification system the inspection
personnel are required to attend an external, independent
test centers to site an examination relevant to their
work. Such test centers are licensed by a national
certifying body which has the overall control of the
certification scheme it operates.
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The main advantage of the in-company certification system
is that companies with unusual inspection requirements
can ensure that their people are qualified in areas
specific to the inspection task and not compelled to
take examinations that are not relevant to the company's
product.
With respect to the independent certification
system
the main advantage of this approach is that independently
verifiable
and
recognized
qualifications
relieve
the
company
of
having
to
devise
and
demonstrate
the
infallibility of an in-house scheme.
2.1. In-company certification system
This system is applied
and other countries.

in

the United

States of America

One of the basic points of the philosophy of the in-company
certification
system
is to place responsibility
for
certification for the above mentioned three levels on
the employer. One of the most widely used documents in
this
respect
is
the
ASNT
(American
Society
for
Nondestructive
Testing) Recommended
practice
"SNT-TC™
1A. The latest edition of which dates from December,
1992(3). Placing the full responsibility for certification
on the employer has led to certain abuses which in some
cases, have bordered on a complete lack of professional
ethic.
In order to avoid such abuses and improve the overall
characteristics of the qualification and certification
system, ASNT has recent published a standard as the "ASNT
Standard
for
qualification
and
certification
of
Nondestructive Testing personnel". On Mar.15, 1991, The
board of Standards Review (BSR) of the American National
Standards Institute (ANSI) approved the ASNT Standard.
The standard, bearing the ANSI prefix, is now designated
ANSI/ASNT CP-189-1991, "Qualification and certification
of Nondestructive Testing personnel" (4). ANSI/ASNT CP189
details
the
minimum
training,
and
experience
requirements for NDT personnel and provides
criteria
for documenting qualification and certification.
These minimum requirements are more stringent than the
recommendation of ASNT Recommended practice No. SNT-TC1A.
The standard requires central certification plus
employer certification of level 3 personnel. It requires
level 3 responsibility for all phases of NDT operations
and
contains
sanctions
for
improper
performance.
Requirements for NDT instructors are also included.
2.2. Independent certification system
In this system the certification activity that includes
all procedures adapted to demonstrate the qualification
of an individual to carry out tasks in specific NDT method
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and leads to a written testimony of this competentence,
shall be administered by a national certifying body,
with the assistance, where necessary, of dully authorized
qualifying
bodies. This philosophy
has received
the
majority acceptance and support from all the European
nations
within
the
scope
of
the
committee
CEN-I38
"Nondestructive Testing".
The objective of this committee, which first met in January
1989, is to standardize NDT and more especially, the
qualification and certification of personnel. As a result
of these efforts the International Standard ISO 9712
has been issued. This international and European Standard
establishes the rules for an independent certification
syetem via the creation of three organizautions, namely,
an "Independent Certification Body", a series of "Authority
Bodies" and the "Examination Centers"(5).
The "Independent Certifying Body" is responsible for
administrating NDT personnel certification in accordance
with the applied standard. The "Authorized Bodies" are
employer independent bodies authorized by the "Independent
Certifying Body" for the preparation and administration
of examinations for level 1,2
and 3» Finally, the
"Examination
Centers" are
recognized
either
directly
by the "Independent Certifying Body" or indirectly via
one of the "Authorized Bodies".
These three levels of organizations provide a sufficiently
ample and flexible system that may adapted to the needs
of the different European nations, since it is not
necessary for all three to coexist in any one country.
This philosophy of independent system for certification
of NDT personnel has been implemented in United Kingdom
(UK) since 1989 as described by CSWIP "Certification
Scheme for Weldment Inspection Personnel" (6). This scheme
originally
covered
ultrasonic and radiography
testers
and was later extended to include magnetic particle and
penetrant
testers, welding
inspectors
and
underwater
inspectors.
In recent
years
the national PCN scheme
"Personnel
Certification in Nondestructive Testing", having boarder
coverage for NDT applications, has been introduced.
Management of the PCN scheme is by an independently
constituted
Central
Certification
Board,
CCB,
representative
of trade associations, associations of
insurance bodies, major sectors, Government Departments
and other interested
parties with fabrication, user,
inspection and insurance interests (7).
The PCN scheme is designed to set and maintain standards
for the proficiency of NDT Personnel through independent
examination and assessment. It is also designed to meet
as a minimum the international requirements laid down
in ISO-9712.
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3.0. QUALITY ENGINEERING PROCEDURES (QEP-001)
OP THE EGYPTIAN ATOMIC ENERGY AUTHORITY
The Egyptian Atomic Energy Authority (AEA) has established
since
1990,an
independent
certification
scheme
for
qualification and certification of NDT personnel. The
Quality
Engineering
Procedure
(QEP-001)
of
the
AEA
establishes the minimum requirements for qualification
and certification of NDT Personnel.
These requirements are based on the ISO-9712 Standard,
SNTTC-1A Recommended Rules and the International Atomic
Energy Agency (IAEA) Technical Document IAEA-TECDOC-^07.
QEP-001 is considered
the first National Scheme for
qualification and certification of NDT personnel in Egypt.
The procedure is implemented the by AEA and have been
used since 1990 in certification of NDT personnel of
some
Egyptian
Industry
and
Arab
Organization
for
Industrialization (A.O.I).
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EG9601852
MEDITERRANEAN FRUITFLY, CERATITIS CAPITATA
(WIED.) USING THE STERILE INSECT
TECHNIQUE (SIT).
A. M. WAKID
Biological applications Dept., NRC. Atomic Energy Authority
Cairo, fcf

ABSTRACT
The present note presents the importance of the Medfly, Ceratitis
capitate (Wied.) in the world especially in the medeast region including
Egypt, evaluation of the control methods used and the application of the
sterile insect technique (SIT) as a successful and safe method for the fly
eradication or control in many countries. Moreover, the important
requirements for the successful SIT programme and the trials for
improvement of this technique are discussed including the improvement
of the larval rearing media, male-only release , trapping and attracting
systems of the adult fly and the current research on genetic sexing for
elimination of females that cause great losses to fruit after release.
INTRODUCTION
The Mediterranean fruit fly, Ceratitis capitate Wied. (Medfly) is a
quarantine pest in a number of countries which import fresh fruit. It
occurs in many tropic and subtropic countries especially the
Mediteranean region, including all Eastmed entities. If not effectively
controlled, the medfly will cause great losses to these countries.
Currently, aerial or ground insecticide sprays are used for its control. As
a result of the continuous use of insecticide treatments, at least two
problems are faced ; that related to public perception of pesticide
residues in orchards and to increase secondary pest out break, beside the
high insecticide costs' 0 . The sterile insect technique (SIT) has been used
successfully against this pest in some countries, and a large number of
mass rearing facitities are already built. However, one of the obstacles
which has hindered a faster and wider adoption of (SIT) against the
medfly particularly in citrus, is the damage of fruit due to sterile female
stings . To overcome this problem, many trials have been done to
develop medfly genetic sexing strains in which large scale separation of
sexes is possible, to allow male-only sterile fly release*2"3"4*.
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This presentation will inform on the last and present status of the
use of the (SIT) for controlling the medfly will special stress on the
Medeast region including Egypt.

The Medfly is one of the primary " parasites of fruits and
vegetables. Its wide host range of over 200 species includes many
commercialy important crops. These include :
Sweet Orange
Bitter orange
Mandarin
Grape fruit
Apricot
Plum
Peach
Apple
Pear
,
Quince
Mango
Guava
Papaya
Fig
and other potential hosts
Laquat
Beside its cosmopolitical distrubution, the fly is the most
significant problem in fruit production in the eastern part of the
Mediterranean. It causes enormous damage or costs large sums of money
to control in entities of the region , namely Cyprus , Egypt, Israel ,
Jordan , Lebanon , Syria and Territory under the jurisdiction of the
palistinian Authority.
The total area involved in the Eastmed entities is about 1,309,3000
km , of this, 9,652,000 hectares are cultivated. Fruit production areas
total about 530,000 hectares in the area. Citrus is produced in slightly
less than one half of this area. If not effectively controlled, the medlly
will cause losses of from 20 to 100 % of the tropical and subtropical fruit
in the area. The costs of medfly control throughout the region varied
from approximately US $ 40 per hectar per year to over US $ 100 per
hectar per year, depending upon the host and the political entity
involved. An average of US $ 60 per hectar per year was established for
effective medfly control throughout the region.
2

In Egypt, the medfly infests citrus and stone fruit in all agricultural
areas and severely restricts the expansion of this portion of agricultural
sector. It not only reduces the quality of these commidities but also limits
their production to levels insufficient to supply national needs.
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The control methods used are insecticide applications, frequently
from 10 to 12 per year. The annual amount of insecticide used for
controlling the medfly in the Eastmed entities is in the hundreds of
tonnes.
Egypt has more than 7 millions acres of arable land, of which 1.3
million acres are used to produce crops susceptible to medfly attack
amount to more than 0.5 million tons annually, much of which must be
sprayed periodically with pesticides to establish some degree of medfly
control. Costs per application may reach more than US $ 70 per acre for
imported pesticides alone. Pesticide residue problems for harvesters and
consumers have also raised some concern as to the total dependence on
this measure alone as a means of controlling this pest. Despite these
pesticide treatment, a significant portion of the fruits on the market are
found to be infested when harvested at maturity.
Producers are therefore forced to rely on insecticide-bait sprays to
protect commercial fruit from fruitflies. Such sprays offset otherwise
viable integrated pest management (IPM) schemes, often including
augmenative release of natural enemis, that are in place against a number
of other fruit pests. As a result of this continuous use of insecticide
treatments growers face increasing environmental problems related not
only to public perception of pesticide residues in orchards and their
products, but particularly to increasing secondary pest outbreak*h. More
environment-friendly and target specific techniques, such as the SIT as
well as more sophisticated genetic control methods and / or augmenative
release of natural enemies, are therefore receiving renewed attention.

Research on the use of the Sterile Insect Technique against tropical
and subtropical fruit Hies, including the Mediterranean fruit fly began in
the med 1950'\ Since then the technology has matured enormously,
culminating in a number of important successes in controlling or
eradicating fruit fly pests, particularly in the western Hemisphere ,Japan
and Australia. SIT has been successfully used to control or eradicate the
medfly from Mexico, part of Guatimala. accidental introduction into the
USA , and is currently being used in Argentina and Chile. The SIT also is
used against a significant number of insect pests including the New
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World Serewworm , pink bollworm, codling moth, Mexican fruit fly,
Caribbean frui fly, gypsy moth, oriental fruit fly, etc.
Factories to produce sterile medflies exist in Hawaii, Mexico
Guatimala , Chile and Argentina. These factories currently produce more
than 1,5()(),()()(),()()() sterile medflies per week. There is need for
approximately 500 million more sterile medflies / week in the New
World. There are no medfly factories in other regions of the world. This
large number of already operating tephritid mass rearing facilities in the
world, and in particular the number of recently built or planned facilities
is in itself an indication of the progress made in the development of this
technology.
Sterile Insect Technique in Middle East and North Africa :
The project "Eradication of the Medfly from Egypt utilizing the
sterile insect Technique (MISR-MED)" was a co-operative undertaking
by the government of Egypt and the Inernational Atomic Energy Agency.
In 1982, a formal agreement was signed between the IAEA and Egypt to
eradicate this pest from Egypt. The project proposal arose from the need
to eradicate the medfly from Egypt in order to save annual losses to the
fruit industry due to medfly infestation. In 1983 a team of entomologists
undertook a survey of crop losses and estimated these to be between US
$ 20 and 40 millions annually. The team recommended that the
eradication project should be implemented without delay. However,
unfortunately MISR-MED was suspended by the Ministery of
Agriculture in 1986.
In 1986 , the government of Algeria, Tunisia , Lybia and Morocco
submitted requests to IAEA for assistance in developing national
capabilities to apply the SIT against the medfly. To satisfy these requests
the joints FOA / IAEA Divisionhas establprojects for these countries.
The purpose is to assist the countries in investigating the possibility of
applying SIT for medfly control and eradication. The economic
importance of medfly infestation has been assessed by the four countries.
Using the information available in the countries, the agro-economists
involved have evaluated under appropriate hypothesis the direct costs
and identified related indirect costs. The annual direct costs are estimated
to amount to not less than US $ 5,567,000 for Algeria, 7,484,000 for
Libya, 9,229,000 for Morocco and 7.436,000 for Tunisia.
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Consultants from Cyprus , Egypt, Esrael , Jordan , Lebanon , Syria
and the Territory under the Jurisdiction of Palestinean Authority were
invited to meet together in Vienna , Austria 24-27 May 1994 to discuss
the oportunities for medfly control on a regional basis using the SIT.

One of the obstacles . however, which has hindered a faster and
wider adoption of the Sterile Insect Technique against the Mediterranean
fruitfly , particularly in commercial citrus producing regions , is the
damage fruit suffers due to sterile female stings. These females ,
although not able to lay fertile egg , still have the drive to bore into fruit
thereby injuring it (at least commercially) and as a result reducing its
market value(5). Therefore , medfly genetic sexing strains in which large
scale separation of sexes is possible throug genetic manipulation ,
allowing male-only sterile fly releases. Since the early 198O's,when
genetic sexing work has initiated for medfly , important advances have
been made in medfly mass rearing systems.
The "first generation" genetic sexing strains based mainly on
pupal color mutation(2) were developed at various laboratories*3*
However, these strains never reached the stage of practical application in
field programmes due to rapid strain breakdown , late separation of sexes
at the pupal stage and the need for expensive sex storing machines.
Recently , genetic sexing strains based on a temerature sensitive lethal
(tsl) mutation have been developed at the FAO / IAEA laboratories at
Seibersdoef*4'. Unlike previous pupal color sexing strains , these "second
generation" sexing strains allow female killing at an early (embroynal)
stage , in addition , they are essentially stable under mass rearing
conditions. Rearing these strains requires adequate temperature control
systems especially in the larval rearing area producing males and females
for colony maintenance. In addition , egg production has to be
approximately three-fold if the male production of a given facility is to
be doubled.
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ABSTRACT
Exposure to high doses of ionizing radiation results in clinical manifestations of
several disease entities that may be fatal.

The onset and severity of these acute

radiation syndromes are deterministic in relation to dose magnitude.
Exposure to ionizing radiation at low doses and low dose rates could initiate
certain damage in critical molecules of cells that may develop in time into serious health
effects.

The incidence of such delayed effects is low and is only detectable through

sophisticated epidemiological models carried out on large populations. The radiation
damage induced in critical molecules of cells may develop by stochastic biochemical
mechanisms affecting cellular proliferation and differentiation, repair, residual damage,
adaptive responses, cellular transformations, promotion, and progresses into delayed
health effects; the most important of which are carcinogenesis and hereditary effects.
The dose response relationship for probabilistic stochastic delayed effects of
radiation at low doses and low dose rates Is very complex indeed. The purpose of this
review is to provide a comprehensive understanding of the underlying mechanisms, the
factors involved, and the uncertainties encountered.

Contrary to acute deterministic

effects, the occurrence of probabilistic delayed stochastic effects of radiation remains to
be enigmatic.
PREAMBLE
The continuous proliferation and development of nuclear and atomic energy and
their widespread applications for various purposes of human life have resulted in
advanced progress in this field of science and technology. The concomitant health
impacts that may be associated with atomic and nuclear practices have become an
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issue of concern, anxiety, phobia, and even fear among the various fractions of global
population groups.
For several decades, highly professional authorities have worked at formulating
scientific criteria of fundamental concepts founded on the most rigorous studies based
on epidemiological, dosimetric, statistical,

and modelling research on the health

hazards associated with practices involving nuclear and atomic technology.
In this treatise, the basic concepts of the health hazards induced by ionizing
radiation have been dealt with in a candid manner. Emphasis is given to the Delayed
Stochastic Effects whose probability of occurrence is related to radiation exposure of
Low Dose and Low Dose Rate. This modality of exposure is the one which by far the
greater fractions of the world population could be associated with during the various
nuclear applications, or involved In during abnormal events of radiation sources.
The dose response relationship and modelling of probabilistic stochastic effects
induced by low dose and low dose rate of radiation is very intricate and multifactorial.
Provisions to the comprehensive understanding of the underlying basic mechanisms
and essentials involved are given in this monograph.

1- RADIATION DOSES
The term Radiation means energy transmission in the form of electromagnetic
waves (or photons), or in the form of subatomic particles. Ionizing Radiation is that
which possesses sufficiently high energy to produce ion pairs in the medium through
which it passes. In biological material, the medium in which the ion pairs are produced
is specifically the multitudes of biomolecules constituting the cellular material.
The unit of radiation Absorbed Dose is defined as the amount of Energy
absorbed from ionizing radiation by Unit Mass of material. The quantity is expressed as
Joule per Kilogram; it takes the special name Gray (Gy).

For radiation protection

purposes, this absorbed dose is doubly weighted to take account of the effectiveness of
the different radiation types and energies, and also the differential radiosensitivities of
the various body organs and tissues.

The resulting quantity is termed the Effective

Dose in unit of Sievert (Sv).
The term Low Radiation Dose, as defined by UNSCEAR (1993,1994) refers to a
total dose of less than 200 mSv, and dose

rates below 0.1 mSv per minute.

Radiobiologically, low radiation dose and dose rate refers to exposures for which it is
very unlikely that more than one event of energy absorption will occur in the critical
molecules of a cell to cause damage within the time during which repair mechanisms in
the cell can operate.
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It has long been known that high doses of ionizing radiation produce clinically
detectable harm in the exposed Individual that can be serious enough to be fatal. The
kinetics of radiation response of cells and tissues to high doses are determined by the
cell type of the organ system (stable or renewal), and the magnitude of the radiation
dose to reach a certain threshold.

This results in development of disease entities of

Acute Radiation Injury whose severity and type depends on the magnitude of radiation
dose and the organ system mostly involved in the exposure.

These Deterministic

Effects result from cell depletion of renewal cell systems, and sufficient impairment of
cellular function in stable cell systems. Hie probability of occurrence of Deterministic
Non-Stochastic Effects is zero at low doses, and develop only after threshold dose of
about One Gy, and at higher doses present more severe manifestations and various
disease entities involving various organ systems.
Exposures to low radiation doses could also induce serious health effects of low
incidence and with certain probability, and which may appear after a latent period of
years.

These Probabilistic Stochastic Delayed Effects are only recognized through

sophisticated epidemiological studies of large populations. The risk estimates for the
various types of these effects are assessed with assumptions by multifactorial
modelling studies. Because of the efforts of professional scientific organizations, these
effects are more understood and better quantified.

2- CELL BIOLOGY
2.1 CELL ORGANIZATION

The cell is the smallest unit of living matter capable of independent existence. It
is a sack of cytoplasm enclosed in a membrane which embeds a nucleus containing the
chromosomes which are threads

of complex biomolecules constituting the more

essential compounds of life which is the Deoxyribonucleic Acid (DNA). The DNA carries
life sustaining information. The chromosomes hold the Genes, which are segments of
DNA that codes the information and allows
descendants.

its transmission from a cell to its

The cytoplasm also embeds the organelles which govern important

metabolic functions of the cell, and the generation of vital energy.
The human adult body contains about one hundred trillion (1014) cells which are
variable in shape size and function and average less than 10 microns in diameter. The
cells which make up the greater bulk of the body are the Somatic cells. A much smaller
number of cells called the Germ cells (Gonads) present in male testis and female ovary
are responsible for organism reproduction. From the large number of human cells, only
a fraction has Stem cell properties, ie they are capable of producing cell progeny. The
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human body contains a total of about 1010 stem cells, this population is distributed
among tissues and varies with age of individual.
The human cell contains 46 chromosomes in the cell nucleus (23 pairs -22
autosomes, and one sex chromosome). These carry a very large number of Genes that
determine the characteristics of the individual. Genes exist in alternative forms called
Alleles (one from each parent) which occupy the same position in chromosomes having
the same structural feature. The substance of the chromosomes is the DNA which is a
pair of linear long chain - like molecules called polynucleotides wrapped around one
another in a spiral ladder shaped double helix complex molecule composed of two
chains or strands curled around each other. This complex highly organized molecule
comprises numerous individual units - the Nucleotides. These are made of four types of
complementary

nitrogen bases that pair together on opposite strands of the DNA

molecule with definite specificity of pairing - Adenine pairs with Thymine, and Guanine
pairs with Cytosine.
code.

The sequence of bases along the strand determines the genetic

Each nitrogen base is attached to a sugar phosphate group to form a unit called

Nucleotide. (Figure 1 - a,b,c,d ).

2.2 CELL PROLIFERATION
Cellular proliferation is achieved by two types of cell division Mitosis and
Meiosis. Mitosis occurs in somatic stem cells, and is characterised by the production of
two daughter cells which are identical in all features and chromosome number as the
parent cell.

The process of mitosis necessitates the performance and organization of

very complex mechanisms of transcription of genetic information, replication of DNA
strands, and duplication of chromosome number (46x2) just prior to the onset of
division, so that each daughter cell will have a complete set of chromosomes of 46.
Meiosis on the other hand is a process of reduction division in which each daughter cell
receives half the chromosome complex haploid number of

the parent cell, ie the

daughter cell receives after meiotic division 23 single chromosomes only. This type of
division occurs only in the Germ cells of the Gonads.

When fertilization of ova by

sperm takes place, the diploid number of 46 is restored in the fertilized ovum.

2.3 CELL DIFFERENTIATION.
The control mechanisms involved in the appearance of many highly distinctive
cell types which become blended to form the functioning tissues has been for centuries
and remains today one of the central problems in biology. Differences between fully
differentiated cells in terms of their size shape and function

are evident, no

intermediaries exist, and there is no known experimental situation in which one form
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changes into another. However, cells of the early embryo are pluripotent capable of
ultimately forming any one of many various cell types. As development proceeds, there
occurs a step by step reduction in their potential for forming a variety of cells, and
finally, the fate of most cells becomes limited to fully differentiated cells only. The form
taken by the differentiation process stands a long dated debate.
The modern view of differentiation is defined as the emergence of irreversible
inheritable differences between somatic cells depending on the cell genome structure
which

controls the chemical messengers within the cell.

This is associated with

cessation of the need for cell replication and cellular proliferation.

2.4 CELLULAR APOPTOSIS

This is an orderly systematic and programmed process of self destructive death
of the cell.

This is probably the result of genetic alterations by which the cell enters a

period of cytoplasmic basophiiia and nuclear condensation, followed by eosinophilia
and cytoplasmic condensation, cell fragmentation, dissolution, and phagocytosis by the
neighbouring cells.

Apoptosis is an orderly cellular process of self destruction which

can be initiated by any cause (even by radiation) at any moment in the cell life.
Apoptpsis is different to cell terminal differentiation, which is the cessation of cell
replication; and is also different to cell senescence (death) which is manifested only at
the end of the cell life span. Apoptosis is also different to disorganised cell death by
necrosis.

3- CELL RADIOBIOLOGY
3.1 BASIC CONCEPTS

The radiation effects on the cell in a biological system are originally derived
from the damage caused to the chemical molecules constituting the cell. In case of
exposure to low radiation doses, damage to the Deoxyribonucleic Acid (DNA) present in
the cell nucleus is of great concern. This radiation induced DNA damage is expressed
as DNA mutation occurring in genes of chromosomes of dividing cells, which can alter
the genetic information that is transmitted from the cell to its progeny. While the DNA
molecule is known to possess an efficient potential for repair mechanisms, this repair is
not error free.

Most damage is repaired, however, some damage remains or is badly

repaired. This intitial DNA damage has consequences on the cell and its progeny.
Directly or indirectly by the action of chemical radicals, radiation can induce
changes in the base sequence, and can therefore alter the genetic code. This is referred
to as Mutation - a sudden permanent random change in the nucleotide sequence of the
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DNA molecule (figure - 5), resulting in alterations in the genetic code that, as a
consequence, may cause the cell and all cells derived from it to differ in appearance and
/ or behaviour • referred to as change in phenotype.
Possible mutations are Gene mutations (damage of nucleotide, or replacement
of one nucleotide by another); Clastogenic mutations including Insertion or Deletion
(the addition or removal of any DNA segment), Inversion (excision of a portion of the
double helix and its insertion in same position but in reverse orientation). Several other
forms of mutations are known. Mutations occurring in Germ cells are transmitted from
an individual to his or her progeny- (Hereditary Effects).
Ionizing Radiation can ionize any atom or molecule in the cell components
provided sufficient radiation energy is absorbed in the physical bonds of the atoms.
The outcome is the production of extremely active chemical radicals which promote
chemical changes in the cell. These changes may either damage essential biochemical
cellular

functions,

potentially

disturbing

cellular

physiology,

preventing

or

disorganizing cellular reproduction, or altering the genetic information. The Target
critical molecule in the cell is the DNA, however, other biomolecules as those of the cell
membrane system are disturbed by radiation injury to a lesser extent than DNA.
Interactions of ionizing radiation energy with the cell material is highly random and
complicated process involving
mechanisms.

interamolecular and intermolecular energy transfer

The most radiosensitive phase of cell life is during the complex dynamic

processes of cellular division, and differentiation. This makes stem cells attain a high
degree of radiosensitivity, and fully differentiated cells are radioresistant.
The sequential development of radiation injury to mammalian system is a highly
complex process involving several stages, and depending on many variables. The
temporal steps of the mechanisms involved are illustrated in figure - 6.
3.2 CELL ADAPTIVE RESPONSE

This is the process by which DNA mutations can be reduced by a small prior
conditioning dose of radiation.

It has been postulated on experimental evidence that

this conditioning dose probably causes stimulation of the repair mechanisms in the cell.
Such process of Adaptive Response have been demonstrated in human lymphocytes
and in certain

mammalian cells.

Adaptation is likely to occur together with the

processes of DNA mutation and its subsequent effects.

The balance between the

stimulated cellular repair and residual damage is not yet clear.

In vitro adaptive

response of lymphocytes takes place between 4 and 6 hours after a Conditioning Dose
in the range between 5 mGy to 200 mGy, and remains effective for about three cell
cycles.

Following a Challenge Dose after a Conditioning Dose, stimulation of repair is

z/ji

Radiation Exposure
int.
Ext.

Radiation Energy Absorption""]
Photons
Charged Particles
Neutrons

linear Energy Tranalar

Qndirect eiiecti
10-13

,-10

Excited ano
ionized molecules

Excited and
ionized molecules

Primary lesions •

-Diffusible radicals

"T
T

siaoe

Biorajicais
Blochamlcsl
Physiological
Functional
Molecular alterations

[Genetic alterations |

Hours

-

Alleralions of cell structures

| Helabolic'altef aligns
Froliferalive alterations
of cells Humors)

Degenerative alterations

ol cells (cell death)

f Oelaved somatic effects f—(-Acute radiation sickness
Hereditary alleralions
imutanisi

Death ot oroanism

The temporal stages of radiation action. (The reaction st<ps represented by
broken lines are affected br metabolic processes.)

Figure 2

274

manifested as reduction below the expected frequency of chromosomal aberrations,
sister chromosome exchanges, induced micronuclei, and specific locus mutations - as
compared to cells exposed to Challenge Dose alone. The exact mechanisms involved in
the cell adaptive response remain not clear and the phendmenon is still questionable.
4. CLASSIFICATION OF RADIATION EFFECTS.
The recent and

realistic classification of radiation effects depends on the

concept of the Threshold Dose to produce an effective response.

This means the

presence or absence of a threshold dose of radiation to produce an effect. Radiation
effects that result after a certain threshold dose of radiation are called Deterministic
Non-Stochastic Effects.

Those effects that may occur without evidence of a threshold

dose are called Probabilistic (Stochastic) Effects. This classification was adopted by
the International Commission on Radiological
elaborated upon to gain its present

Protection (ICRP) since 1977, and was

dimensions in 1991.

scientifically accepted by all organizations concerned.

This classification is

Stochastic Probabilistic, and

Non-Stochastic Deterministic Effects include all types of radiation effects that may be
induced in the biological organism after radiation exposure to any radiation dose level
from any type of radaition.

The main characteristics of each of these effects are

summarized.
4.1 NON STOCHASTIC DETERMINISTIC EFFECTS.

These effects occur only after relatively high doses of radiation. They have a
threshold dose for induction of each effect, below which that particular effect does not
occur.

The effect occurs when the radiation dose reaches the threshold for that effect.

The occurrence and severity of effect produced is a function of the magnitude of dose,
dose - rate, and dose fractionation. The pathogenesis of induction and mechanisms of
development are non-stochastic and deterministic in nature . These effects appear
within hours or days after exposure without the presence of a latent period.
Major examples of Non-Stochastic Deterministic Effects are:
* All forms of Acute Radiation Injury to tissues or organs depending on magnitude of
dose, type of tissue involved, and volume of body irradiated.
* All forms of Acute Radiation Syndromes.
- Central nervous system syndrome.
- Oro - respiratory syndrome.
- Cardio vascular syndrome.
- Gastro - intestinal syndrome.
- Haemopoietic "Bone Marrow" syndrome.
- Acute skin lesions.
- Depression of Body Immune Mechanisms.
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The ICRP adopted the philosophy of the Stochastic, Non - Stochastic concept
depending on the absence

or presence of an effect inducing threshold dose of

radiation, mainly as a criterion to differentiate between low level radiation dose, In the
sublethal range, and high radiation dose inducing massive cellular lethality, severe
physiological

and functional

impairment and death of the Individual organism Is

expected.

4.1.1 QUANTITATIVE CONSIDERATIONS OF THRESHOLD DOSE.

The level of exposure dose can provide an indication of the predicted biological
response. Such Indication is obtained from the "Threshold", "No-Threshold" Concept
which determines the expression of radiation damage whether "Deterministic" having a
Threshold Dose, or "Probabilistic" having No-Threshold Dose.
The curve

shown In Figure (3) illustrates a typical type of dose response

relationship after exposure to a certain threshold dose. No effect is assumed below the
threshold for a particular response.

The severity of the response increases with

increase of radiation dose above the threshold required for inducing the response.
Deterministic Effects result from cell depletion, or sufficient impairment of tissue
function after exposure to high doses.

The probability of such harm is zero at low

doses. However, above some level of dose (the threshold for a particular clinical effect),
the probability and the severity of effect Increases with dose. The threshold for these
effects is about 1.5 Gy.

ll\c Threshold Dose Concept

Deterministic
Effects

Threshold Dose

Figure 3

high

low

Rndinlion Dose Level
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4.2 STOCHASTIC PROBABILISTIC EFFECTS.

These effects have probability to occur after exposure to high subtethal dos?s,
and low level doses of radiation. There Is no evidence of causative threshold dose
accordong to popular concensus. The dose Response Relationship is complicated, and
the dose response curves for stochastic effects are either Linear, Quadratic, or Linear
Quadratic.

The basic mechanisms of induction and progression are stochastic. The

chance of occurrence is purely probabilistic. These effects have a latent period in years
to develop, and become apparent as a disease entity with certain probability. The
severity of the effect produced is not a function of the maganitude of dose, dose
fractionation, or dose rate. The probability of occurrence is a function of the magnitude
of

radiation dose, and the number of individuals exposed. When quantitative risk

estimates for a population is considered, epidemiological studies on large cohorts is
necessary.
Major examples of Stochastic Probabilistic Effects are and Hereditary Effects.
Radiation Induced Carcinogenesis.

5. HEALTH HAZARDS OF LOW DOSES
5.1 INTRODUCTION
The main health

effects that may occur in exposed populations following

exposure to low doses of ionizing radiation are increases in Cancer incidence, and
Hereditary disease in their descendants.

For both of these effects, the probability of

their occurrence, but not their severity is a function of radiation dose. These effects are
known as Stochastic effects because of their aleatory circumstantial random nature.
Estimates of risk for cancer types and hereditary effects have been made in recent years
by national and international organizations, based on the Life Span Study (LSS) of
Japanese

atomic bomb survivors, patients treated medically, and the various

occupationally exposed populations (uranium miners, radium dial painters, etc

).

For these stochastic effects, there is always a minimum time between radiation
exposure and the appearance of the delayed effect (radiation induced tumour). This
period is termed the Latent Period whose length in years varies with age and tumour
type. Hereditary effects appear in subsequent generations.
5.2 HEREDITARY EFFECTS
These effects occur when the radiation induced damage takes place in the
genetic code of the germ cell (sperm or ovum), whose function is to transmit genetic
information to later generations.

When this damage occurs, the effect is transmitted
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and may become manifested as hereditary disorders in the descendants of the exposed
individuals.
In principle any unrepaired ONA mutations in germinal cells that are non-lethal
for the cell could be transmitted to subsequent generations and become manifest as
hereditary disorders in the descendants of the exposed individual. Epidemiological
studies have not, with a statistically
hereditary

singificant degree of confidence, detected

effects of radiation in humans. However, on the basis of genetic

experimentation with a wide range of organisms and cellular studies, and taking
account of the statistical limitations of the negative human findings, it is conservatively
assumed that there can indeed be induction of hereditary effects in humans following
radiation exposure.

The potential hereditary effects may be the result of dominant

mutations, recessive mutations, and multifacorial disorders in human populations.
• Dominant Mutations are changes in the genetic code that produce a clinical effect
when inherited from only one parent.
generation progeny.

These lead to genetic disorders in the first

Traditional genetic theory presumes that dominant mutations

manifest themselves in the first generation after radiation exposure. Evidence now
indicates, however, that even a dominant mutation can pass silently through several
generations before it suddenly expresses itself. This occurs if the expression of the
defective gene is dependent on the sex of the parent from whom the gene was
inherited, or if it is moderated by other genes.
• Recessive Mutations are changes in the genetic code that produce a clinical effect
only when two copies of the defective gene have been inherited one from each
parent. Recessive mutations express little effect in the first few generations, because
most offsprings will inherit the defective gene from only one parent, and carriers are
not affected.

However, recessive mutations may accumulate in the Genetic Pool of

the Population as each carrier passes the mutation on many offsprings. As the
probability that both parents carry the mutation increases, so does the risk that a
child will inherit two copies of the defective gene. Hereditary effects of radiation
have not yet been epidemiologically identified in humans, but there can be no doubt
about their existence.

It has been possible to establish only an upper limit to the

frequency of radiation induced hereditary conditions.
• Multifactorial disorders due to mutations resulting from the interaction of various
genetic environmental factors, and several mutagens affecting human populations.
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The process of generation of hereditary disorders from radiation Is less well
understood than that of carcinogenesis but
Stochastic

the assumptions made are similar.

single cell origin of the disorder with any radiation interaction is fully

capable of being an initiator. Therefore, the dose response at low radiation doses for
occurrence of Hereditary Effects (stochastic response) is also presumed to be linear
with dose, with no dose threshold.
In view of the lack of direct epidemiological evidence, incidences of radiation
induced hereditary effects in humans are estimated through models of two indirect
methods which use data from animal experiments.

The doubling dose (or relative

mutation) method provide the estimate in terms of the additional number of cases of
hereditary

disease attributed to radiation, using the natural prevelence (of such a

disease) as a reference frame.

It aims at expressing the likelihood of a hereditary

disease being induced by radiation in relation to its natural general occurrence in the
propulation.

Therefore the doubling dose is the dose expected to produce as many

mutations as those that occur spontaneously in a generation and it is obtained by
dividing the spontaneous mutation rate in a locus • or position - of a relevant gene in a
chromosome by the expected rate of induction of mutations per unit dose. The direct (or
absolute mutation)

method directly assesses the expected incidence of hereditary

diseases by combining the number of genes at which mutations can occur with the
expected number of mutations per unit dose and the dose itself. It is therefore aimed at
expressing the likelihood of hereditary diseases absolutely in terms of the expected
increase in the prevalence of the disease. The estimates of risk do not usually include
the many hereditary diseases and disorders of complex, multifactorial aetiology, in view
of the fact that any effect of radiation upon the incidence of multifactorial disorders
should be only slight and is highly speculative.

5.3 EFFECTS ON EMBRYONIC AND FOETAL DEVELOPMENT.
5.3.1 BASIC CONSIDERATIONS

Prenatal irradiation of a pregnant female over the region of the abdomen from
zygote to the full term developed foetus results in radiation induced effects. Because of
the dynamic nature of the embryo, irradiation studies cannot be quantitated or
reproduced exactly.

Nevertheless, there is a stage in early development, when the

embryo is more radiosensitive than is the organism at any other time as measured either
by survival or by the production of anomalies. It must be emphasized that the embryo is
a mosaic of innumerable developmental potencies, each of which has a period of
extreme radiosensitivity.

The differentiating cells of the embryo and foetus are the most radiosensitive.
Therefore there are particularly sensitive stages in the derivation or every embryonic
tissue and organ.

Since it is agreed that the differentiating cell in the embryo is more

radiosensitive than is the resting or even the mitotic cell, it follows that the embryo will
exhibit more radiosensitivities than at any subsequent stage in the genesis of the
species.
Abnormalities, deficiencies, and teratologies can be produced by exposing the
embryo or foetus to relatively low levels of ionising radiation; but such conditions can
never be reproduced by exposing the adult no matter what level of irradiation is used. It
is justified, therefore, to consider the embryo and/or foetus as the most radiosensitive
stage in the entire life history of any organism. The pattern of malformations resulting
from irradiation of the foetus will depend on the time of exposure, so that particular
areas are insulted when they are most radiosensitive. The severity of damage however
is still related to dose.
It is important to emphasize to the medical and biology profession that this
particular domain [The Embryo] is extremely radiosensitive, and that its exposure to any
radiation dose level however low can have far reaching conseqences upon the human
race.
5.3.2 RADIATION EFFECTS ON PRENATAL DEVELOPMENT.

The principal events in embryonic and foetal development, namely fertilization,
clavage, implantation, placentation, organogensis, organ differentiation and foetal
growth, occur in all mammals in roughly the same sequence, only the time scale which
differs.

Precise mapping of developmental events is still a major unresolved issue in

human embryology. Gross measurements, histological and biochemical techniques on
autopsy material has been employed to this end. Recently, direct in vivo measurements
have been possible (UNSCEAR, 1986, Annex C). New ultrasonic techniques allow the
measurement of in vivo embryonic development as a function of prenatal age; and to
score for any congenital malformations.

The development of the central nervous

system (CNS) and particularly the brain appears to be the most complicated of all foetal
organs.

The cellular kinetics of the developing structures and the overall biochemical

maturation of the various structures as a function of time is very precise.
The radiation effects on embryonic and foetal development are presented as a
consensus view combining conclusions from animal experiments.

The stages of

preimplantation, organogenesis, and foetal growth are characterized by differences in
the radiation effects produced subject to the differential cellular and tissue response of
every particular stage.
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3

- Foetal Growth is the period during which organ growth takes place till It

assumes full term.

This period takes from day 71 to day 270. Irradiation during this

period leads to far fewer obvious structural anomalies.

Nevertheless, functional

disabilities can occur as a result of Irradiation during this period, which are difficult to
identify.
It has been suggested that growth disorders, and lowering of some behavioural
peculiarities, low IQ tests, decreased visual acuity, Immature EEG recordings may
occur.

The foetus at birth appears normal, and such changes appear later as the child

grows.
Animal studies report inactivation of gonadal cells and subsequent loss of
reproductive capacity when animals reach sexual maturity. Other effects occur in the
blood forming organs. Acute doses of few tenths of Gy result in consistent changes in
the blood forming organs and peripheral blood of foetus. Kindney lesions may also be
induced by irradiation during the foetal stage, the damage affects the capillaries and is
mostly manifested by glomerulosclerosis resulting in chronic kindney failure in extra
uterine life ( UNSCAR 1986, Annex C ).

5.3.3 GENERALIZATIONS.

It is unlikely that a threshold dose for any human congenital anomaly can ever
be established.

Therefore, we only speak of probabilities and possibilities. However,

most authors agree that a dose of 0.25 Gy to the human embryo during the period of
organ differentiation (1st 10 weeks) would produce anomalous development. Some
authors believe that 0.1 Gy and more to the human foetus during the first six weeks
warrants therapeutic abortion, to avoid possibility of anomalous child. Doses above
0.05

Gy may result in gross congenital malformations depending on the stage of

gestation.
Development of the central nervous system in the embryo and foetus is very
sensitive to ionizing radiation.

Doses above 0.05

Gy will result in detectable

abnormalities. Doses of 0.01 to 0.03 Gy may result in post natally increased frequency
of tumours of either benign or malignant nature. There is no evidence that doses below
0.01 Gy, will cause injury to embryo or foetus. Radioactive isotopes administered to the
mother can cross the placental barrier and cause radiation injury to foetus.
Dr. Roberts Rugh, an eminent authority on the subject states "it is inconceivable
that ionizing radiations at any level is without some effect. There is no developmental
stage which is safe, in the sense of being entirely immune to the effects of ionizing
radiations.

1. Preimplantation extends from fertilization to the time when the embryo
attaches to uterine wall. Implantation of the embryo into the uterine wall constitutes the
initial contact of blastocyst with the uterine wall, its firm attachement by the rooting of
trophoblasts into uterine epithelium, and establishment of placental flow. Implantation
process takes about few days in man. The preimplantation period In man takes 8 days.
During this stage, the principal effect of irradiation is the high incidence of prenatal
death.

Few abnormalities are produced if any.

Animal experiments indicate that

preimplantation embryonic death can occur after doses in the order of 0.05 Gy.
2

- Orqanoqenesis is the period during which the major organs are developed.

This stage ends at the phase of transition when organ differentiation is complete, and
the foetus has attained the

characteristic morphological features of its species.

Organogenesis in man takes from the 9th day to day 70. Some organogenesis of the
central nervous system, the special scences and behavioural peculiarities continues to
develop and organize during the foetal growth period and up to full term.
Radiation exposure during this stage results in far fewer prenatal deaths, and a
great variety of congenital anomalies of structural nature. During this stage (35 days
post conception in man), most of the embryonic cells

are in their "blast" or

differentiating stage and are directly sensitive to any form of physical, chemical, or toxix
agent.
time

It was shown that the production of specific defect is associated with a definite
during

organogensis.

The

time of the first morphological evidence of

differentiation in the organ involved.
Some authors reported after animal studies on mice that 0.25 Gy resulted in
marked increase of abnormalities of the axial skeleton, and that a dose of 0.2 Gy during
organogenesis resulted in other malformations.

Neonatal deaths also occur after

irradiation during organogenesis, rising to a peak of 70% for mice receiving 2 Gy on the
10th day. These deaths occur because some foetuses are grossly abnormal and unable
to develop to term.
In humans, microcephaly is the major anomaly. Embryos exposed during early
organogenesis exhibit greatest intrauterine growth retardation. This is expressed as
weight

reduction at term due to cell depletion.

Human data from Hiroshima and

Nagasaki survivors, shows that a dose of 1 Gy and above produced decrease in head
diameter.

The morphological abnormalities occur

cardiovascular tissue.

mainly in CNS, skeletal, and

The latest human data show that mental retardation is the most

common developmental abnormality to appear in the human species. The association
between mental deficit and small head size is very close. Mental retardation is a brain
cortical lesion occurring after radiation exposure at the time of the most active division
of precursor cells of the cortical neurons.
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Radiation protection includes

the recommendation that pelvic radiographs

should be done to married women during the first 10 days of the last menesturual
period, and not after. In this way, unrecognized pregnancies will not be involved. In the
normal 28 day cycle, ovulation occurs between 13 and 15 days, or two weeks before the
onset of the next expected menstruation.
5.4 CARCINOGENESIS
5.4.1 NATURE OF CARCINOGENIC PROCESS

Carcinogenesis
irradiation.

is

the major Stochastic Probabilistic Delayed effect of

Cancer transformation of mammalian cells is considered a multistage

process in which a normally growing and quiescent cell is transformed into one with a
hyperplastic phenotype which progresses into a fully neopiastic metastatizing growth.
Compelling evidence exists that most cancers originate from damage to single
cell.

This damage involves loss of control over processes of cell proliferation and

differentiation.

Gene mutations and chromosomal damage play a definite role in the

initiation of cancer transformation. This initiation may result from several agents, and
the most popular are chemical and physical carcinogens, stress, and several other
causes.

The most accepted theories for radiation induced cancer are Cell Mutation

Theory, Viral Activation, Depression of Cellular Immune Response, Disturbances of
Membrane Transport Mechanisms, and the Oncogene Theory. Oncongenes are genes
on the chromosomes that are normally have no expression (suppressed). When the
chromosome is damaged, possible expression of these oncogenes takes place. The
expression of onocgenes is intimately linked with initiating the conversion of a normal
cell into a cancer cell.

Tha types of chromosome damage that results in oncogene

expression are Translocations, Inversions, Deletions, Point Mutations, Base Mutations,
and other chromosomal abnormalities.
It is possible that radiation acts at the several stages of cancer progression,
however, its principal role appears to be the initiation change of normal stem cell to a
pre - cancerous stage. The development of the cancerous process provides the target
cell with some degree of proliferative capacity which is expressed after adequate
promotion of the transformation process, by aquiring a higher reproductive activity
(than the normal cell), or by blocking of normal cell differentiation. The transformation
process at this stage attains the ability for progression.

The process of cancer

transformation may be aborted due to multifactorial intrinsic and extrinsic constraints,
and neighbouring normal cells interfering mechanisms. The more advanced stages of
transformation once reached will terminate into an overt cancer.

2b3

Epidemiological and

experimental studies have been developed to provide

quantitative information on radiation dose - response relationship for cancer induction.

5.4.2 TARGETS FOR DNA DAMAGE AND REPAIR

An important issue in Judging radiation induced carcinogenesis at low doses of
radiation is the number of cells required to sustain specific mutations in order to
develop the potential for neoplastic development. In this respect, there is compelling
evidence from biochemical, cytogenetic and molecular studies on haemopoietic and
solid tumours that each tumour is monoclonal (ie single cell origin), and by implication,
arises from gene specific mutation in a single cell in host tissue. However, this concept
may be questioned for some tissues, and for mutagens other than radiation.
Ionizing radiation induces a broad range

of cellular DNA damage which

contributes to the various forms of gene and chromosomal mutation. However, the
mammalian cells have efficient biochemical pathways to identify and repair this damage,
thereby potentially reducing mutational risk.
It is accepted that in absence of exogenous mutagens, each cell in the human
average of 104 damage events per hour, as a consequence of

body sustains an
thermodynamic

instability,

and

chemical radicals produced via

endogenous

biochemical reactions; this damage contributes to the cancer risk. However, for this
spontaneously

arising DNA damage, the

error free repair capacity of the cell is

exceedingly high. The vast majority of endogenous DNA lesions takes the form of DNA
base damage, base losses, and breaks to one of the sugar phosphate backbone. Such
single strand DNA damage may be

repaired quickly in an error - free form by

biochemical processes of enzyme systems which will use the undamaged strand as a
template on which to recopy the damaged code.
contains about

Given that the human genome

9

10 DNA base pairs, the frequency of single strand damage from

endogenous factors will be very low.
In contrast, although a single ionizing track of radiation will induce single strand
damage when energy absorption event takes place in close proximity to one DNA
strand, a cluster of energy absorption events within the 2 nm diameter of the DNA
duplex will have significant probability of inducing coincident damage to both strands.
In support of this, an approximately linear dose response for double strand break
induction by Low LET radiation is observed.

This confirms that breakage of both

strands of the duplex may be achieved by the traversal of a single ionizing track, and
does not demand multiple track action.

Also, the radiation induced double strand

breaks are complex, and involve local multiply damaged sites (LMDS). Experimental
data indicates that the ratio of Low

LET radiation induced single strand DNA breaks

base damages to double strand breaks is about 50:1, with a probability of double strand
break induction of 4 per cell per 100 m Gy.
The repair of double strand damage is not error - free, and will result in loss of
DNA coding from both strands, which
aberrations, gene mutations,

is crucial for induction of chromosomal

and deletions.

Double strand DNA damage may in

principle be repaired by DNA recombination, however, this is subject to error prone
illegitimate DNA recombination which may result in forms of mutations that are known
to characterise malignant development.

DNA double strand damage and repair as

related to radiation response of cells is important for several aspects. Firstly., the repair
of such damage is the principal determinant of dose and dose - rate effects after Low
LET radiation.

Secondly, the genetically determined

cellular radiosensitivity is

intimately associated with deficiencies of repair of double strand damage. Thirdly, the
quality and not the quantity of induced DNA double strand lesions is the principal factor
that provides the increased biological effectiveness of High LET compared to Low LET
radiation.

The damage induced by High

LET radiation in the DNA double strand is

much less likely to be correctly repaired due to its complexity as compared to that
induced by Low LET radiation.
In Summary, the coherent facts, are that at low doses and low dose rates of Low
LET radiation, single strand DNA damage is either repaired in an error - free fashion, or
is an insignificant component of carcinogenic risk. For double strand DNA damage, the
repair process is very complex and is not error - free, but has an error - prone mutagenic
component irrespective of damage abundance. This by implication will even at very low
doses contribute to tumour risk.

The existing data support a linear (rather than a

threshold) response for neopiasia initiating gene mutations. Supporting evidence is
given by the data on the linear kinetics of induction of chromosome mutations in human
lymphocytes at doses of as low as 20 m Gy; leukaemia and lymphomas tend to have
specific chromosomal mutations as early events in their genesis.

5.4.3 DEVELOPMENT OF NEOPLASTIC PROCESS.

The neoplastic process remains one of the enigmas of cellular and molecular
biology.

Several

endogenous

carcinogens

are considered as exogenous agents, however,

biochemical and cellular factors

are involved, and also the cellular

environment. Radiation induction of the neoplastic process is the main issue discussed
in this monograph.
There is evidence that non - mutational (epigenetic) changes in cells also
influence tumour transformation and

development.

Mutations are not unique to

radiation, and will simply add to the cellular mutation pool which arises spontaneously
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(ideopathic), or as a consequence of exposure to the several mutagenic agents other
than radiation.
The original concept that neoplastic development in tissues is a complex multi aetiological, multifactorial, and multistage process has been confirmed. On this basis,
carcinogenesis may be subdivided into four phases, namely,

neoplastic Initiation.

Prom o t i on. Conversion. and Proqression. These stages appear as simplification of the
overall process which is very variable between different tumour types, however, they
provide an interpretation of the fundamental molecular and cellular changes that are
involved in the overall process of carcinogenesis.
• Neoplastic Intitiation
This comprises the irreversible cellular damage which formulates the potential
for neoplastic development.

This initiation process results from DNA injury leading to

gene mutation in tissue target cells.

This process involves loss of control over both

processes of cellular proliferation and differentiation. This is postulated to start as a
result of :1- Deactiyation of Tumour Suppressor Genes. These are genes crucially responsible for
regulating cellular proliferation. The deactivation of these genes through DNA mutation
may proceed to uncontrolled cell growth. Tumour suppressor genes act as negative
regulators of processes such as signal transduction and cell cycle progression which
mediate cellular proliferation and development.
contributes

The loss of function of these genes

to neoplastic development. Gene deactivation results from changes in

single DNA base, small DNA deletions, or loss of whole chromosome segments. Fora
complete phenotypic effect, it is necessary for both autosomal copies of a given tumour
suppressor gene to be inactivated, however, sometimes single gene mutations may be
sufficient for partial effects.
There is a growing
associated neoplasms.

list of Tumour Suppressor Genes and their principal

This includes [P53] common to many tumours, [APC] for

colorectal carcinoma, [NF1] for neuroblastoma and tumours of the central nervous
system, [RB1J for retinoblastoma and osteosarcoma, and [WT1J for nephroblastoma.
The relative target sizes for the induction of these events indicates that tumour
suppressor genes are the most radiosensitive targets in the DNA molecule. It is believed
that the initiating event centers on single gene deactivation in a number of possible
genes, and that the initiation process is irreversible, and is not necessarily expressed
immediately.

2

" Re verse Fun cti on of Pro to - Oncog en es. These are crucially involved in regulating

processes of cellular proliferation and differentiation.

These proto - oncogenes can

potentially become oncogenes and transform the cell into the malignant process.
Mutation of proto - oncogenes results in overexpression of cellular growth and
development. The gene mutations involved range from single DNA base pair changes
(eg RAS in many tumour types), chromosomal juxtaposition of the gene with active
immune gene sequence (eg H0X11 with TCR in some lymphocytic leukaemias), or the
formation of a new hybrid "fusion" gene (eg ABL with BCR in myeloid leukaemia, or FL1
with EW5 in Ewing Sarcoma).
• Neoplastic Promotion.
The neoplastic promotion process is viewed as the process whereby the tumour
initiated cell receives a supra - normal growth stimulus and begins to proliferate in a
semi autonomous manner. The net outcome of this stimulus is the clonal accumulation
of pre - neoplastic cells in tissues which when clinically recognisable, may, for example
take the form of benign papillomas, adenomas, or haemopoietic dysplasias.
The expression of the initial gene - specific mutation is dependent upon intra
and extracellular environment which may include promotional agents that affect gene
expression.

These agents are cellular growth factors,

dietary factors as lipid

metabolites, low molecular mass compounds, and hormones.
Therefore, the promotion stage involves the clonal expansion of an initiated
stem cell by agents that greatly enhance the yield of neoplastic growth of previously
initiated cell . These agents have a low carcinogenic potential. Ionizing radiation have
the potential to act as an initiator and promotor.
The neoplastic properties of a transformed cell are constrained by surrounding
normal cells. These contraints decrease as the number of transformed cells increases
and proliferate in a semi independent manner. This stage of promotion is potentially
interruptible and reversible.
• Neoplastic Conversion.
This is a critical stage during which pre - neoplastic cells become converted into
a stage of commitment to follow the pathway to the full malignant process. These
changes are believed to be driven by further gene mutations accumulating within the
expanding pre - neoplastic cell clone. This leads to a condition of genomic instability,
and a dynamic cellular heterogeneity that is a feature of neoplastic development; and
the acquisition of gene specific mutations that destabilise the genome. Examples of
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genome destabilizing mutations in neoplastic development is the P53 gene which is
mutated in about 50% of human neoplasms, and one of the four known DNA mismatch
repair genes.
Therefore a converted neoplastic clone of cells provides a generation of cells
with preneoplastic characteristics of commitment, and gains the capacity to evade and
overcome the intracellular and intercellular constraints that act to restrict tumour cell
proliferation.
• Neoplastic Progression.
Once the potential for full malignancy is established in a primary malignant
committed tumour, the progression of the disease depends upon further cellular
changes that facilitate the invasion and direct spread into local normal tissues, the entry
and transit of neoplastic cells in blood and lymphatic systems, and the subsequent
establishment of secondary tumour growths at distant sites (ie. metastasis).

This

metastatic process is principally responsible for the lethal effects of most common
human neoplasms.
The cellular properties of progression
chromosomal mutations.

have their origin in the gene and

The nature of these properties are not well understood,

however, they appear to involve changes to genes influencing surface proteins as
integrins and proteases,

other proteins that allow tumour cells to gain a mobile

behaviour, and proteins that promote interaction of tumour cells with normal stromal
tissues, eg microcirculation and growth factor response.
This progression stage involves processes

as angiogenesis, detachment,

invasion, release, survival and host interaction, extravasation, and new growth
mechanisms.

How radiation exposure influences the complex

mechanisms of

progression is not yet known.
5.4.4 RADIATION INDUCED MUTAGENESIS

Induction of Mutations is not unique to radiation damage, however, radiation
mutagenesis will add to the pool of mutations in target cells arising spontaneously or as
a

consequence of other mutagens.

In priniciple, radiation induced mutation may

influence all stages of the neoplastic process, however, the argument stands that the
stage of initiation is the primary target of low doses of radiation.
Biochemical cytogenetic and molecular studies on both haemopoietic and solid
tumours indicate that with very few exceptions, tumours arise from single cell, and by
implication develop from a gene - specific mutation in a single cell. Therefore, for the
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majority of tumour types, a single mutational event in a critical gene in a single target
cell in vivo can form the potential for neoplastic development.
On this basis, a single radiation track (low dose and low dose rate) traversing
the nucleus of an appropriate target cell has a finite probability, no matter how low, of
generating the specific damage that

may result in a tumour initiating mutation.

Therefore, at the level of DNA damage, there is no ground to assume a dose threshold
below which the risk of cancer induction is zero.
Ionizing radiation can cause a broad range of DNA damage through which
various forms of gene and chromosomal mutations may contribute to cancer risk.
Radiation induced single strand DNA damage is repaired error - free, and does not make
significant

contribution to cancer risk.

Coincident double strand DNA damage is

efficiently induced by radiation, and the repair is not error - free even at low doses. It
follows that radiation induced DNA

damage at low doses will be a singnificant

component of cancer risk, since spontaneous single strand DNA damage is represented
by error - free repair. Therefore, the dose - response for mutation induction, and hence
carcinogenesis will not show a repair related threshold. Recent studies on specific
deletion type mutation, and on chromosomal aberrations have shown linearity down to
radiation doses as low as 50 and 20 m Gy respectively.
The claim that low dose radiation may induce or activate cellular DNA repair
functions and other stress proteins, what is known as Adaptive Response, is opposed
by current consensus.
neoplastic

The data relating to these responses and their relevance to

processes, are

insufficiently developed and understood to influence a

judgement.
The present accepted consensus from the data relating to the role of gene
mutations in carcinogenesis, the monoclonal

origin of tumours, the relationship

between DNA damage and repair, gene and chromosomal mutation, and neoplasia are
well established and broadly consistent with the thesis that at low doses and low dose
rates, the risk of induced neoplasia rises as a simple function of dose, and does not
have a threshold component related to DNA damage or DNA repair. The broad body of
relevant cellular and molecular data concludes that the weight of evidence in respect to
the induction of the majority of common human malignancies falls in favour of the
thesis that at low doses and low dose rates, carcinogenic risk rises as a simple function
of dose without threshold, or an interval within which the risk is discounted.

5.4.5 ASPECTS OF DOSE RESPONSE RELATIONSHIP FOR STOCHASVC

This

MECHANISMS.

issue of Dose Response Curves for cancer induction cannot be

statisfactorily answered with more certainty until there is greater understanding of the

2S1

exact mechanisms of carcinogenesis.

Nevertheless, certain speculative assumptions

about the shape of the dose response curve have been postulated and can be used
according to basic radiobiological concepts. These curves can then be compared with
the experimental data from animal studies, and with human epidemiological data to
verify which if any of the shapes of curves is consistent with the empirical evidence.
• The Linear Relationship between radiation dose and incidence of induced cancer
was adopted as the simplest working hypothesis for radiation protection purposes.
It is still accepted to be consistent with much of the experimental and human
epidemiological data.

It is a linear proportionality relationship indicating that the

probability of increased cancer incidence increases with increase of dose without the
presence of a threshold dose. The Linear function of that relationship is given by
I I = C + a p ] . where ( I ) is cancer incidence after radiation dose ( D), ( C) is the
spontaneous cancer incidence of the unirradiated control population, and ( a ) is the
coefficient that determines the slope of the linear curve (Figure 4).
• The Q u a d ra t i c R e I a t i o n s h i p b e t w e e n radiation dose and incidence of induced cancer
signifies that two independent initiating events are required to transform a normal
cell into a cancer cell.
quadratic.

Therefore, the form of the dose response curve would be

This quadratic relationship is given by the function f I = C n- op 2 ], where

the cancer incidence ( I ) varies with the square of dose ( D2), (C) is the spontaneous
incidence, and (b) is the coefficient that determines the quadratic shape of the curve.
The quadratic relationship is shown in (figure 5).

Linear Quadratic Relationship between radiation dose and incidence of induced
cancer expresses an intermediate dose response relationship. This is expressed by
the function [ I = C + aP + bP2]. where ( I ) is the probability of cancer incidence, (C)
is the sportaneous cancer incidence of the unirradiated control, ( D ) Radiation dose,
( a ) the coefficient that determines the slope of the linear segment of the curve, and
( b ) the coefficient that determines the quadratic segment of the curve. In this
relationship, it appears that the response is linear at low doses, but becomes
quadratic at higher doses. The Linear Quadratic relationship is shown in Figure (6).
The application of these curves to the biological effects produced after radiation
exposure conform with the existence of a threshold dose for Deterministic Effects, and
an increased probability of Stochastic Effects with increase of dose. These latter occur
without a threshold dose, and follow either linear proportionality, a quadratic, or a linear
quadratic relationship.
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The fact that the dose response relationship is assumed to be without threshold
for

stochastic response, has important implications for risk assessments and

formulation of public policy.

The absence of threshold dose implies that there is no

absolutely safe level of radiation exposure.

Every small increment of dose (above

natural background radiation) results in a corresponding increment of risk. However,
the individual risk is small, but the collective risk can be significant.
When assessing exposure to populations, it is necessary to carry out some
totalling or averaging

procedures.

In priniciple, these may be expressed as the

distribution of individual doses among the population number.

The issue of dose

response relationship is not completely resolved by these curves presented; other
curves are postulated which are less popular.

The matter is very problematic and

involves several undetermined uncertainties concerning the biological system with all
its complexities and variables, and also the radiation in question with all the multitude
of factors characterising it including the LET, the dose, the dose rate, the quality and
type of radiation, and the modality of exposure. Together with all this is the potential
ability

of the biological system to repair or promote injury, and how much these

opposing mechanisms and processes are impaired or enhanced by the radiation insult.
Several other intrinsic and extrinsic factors are also involved.

Certainly much

knowledge is required to further our understanding of what really happens inside the
vast intricate cosmos of the biological system, at the stages of radiation energy
absorption, the physico-chemical stage, and the stage of biomolecular change.
Inspite of the extensive knoweldge at hand and the sufficient data available on
the effects of exposures to high doses of ionizing radiation; indeed relatively little direct
information is known or available concerning the effects associated with radiation
exposures to low doses and low dose rates. It is necessary to determine such effects
by extrapolation from long term observations of human populations of large numbers
and by animal experiments.

Although many research group are involved in such

investigations, complexities and uncertainties regarding the biological effects of low
level radiation will remain to present as a problematic issue in this branch of biological
sciences.

5.4.6 RISK OF RADIATION AT LOW DOSES

Even without analyzing the different components of the concept of "Risk", it is
recognized that to be exposed to Risk is not necessarily bad. The achievements of
humanity imply the exposure to several sources of risk. The health threats due to low
level radiation dose3 is very difficult to analyze because exposed groups manifest slight
increase in the spontaneous frequency of such effects. Such increase in frequency is

not ascertained except

after epidemiological studies of large cohorts of exposed

population groups. While the relationship between radiation and cancer is quite clear, it
is not possible to state with certainty if a given individual will be affected, or if a given
case of cancer is the result of the exposure.

At low doses, the relation between

radiation and cancer blurs due to increasing uncertainties, reaching a point where an
effect, if it exists, cannot be detected.
Assuming a non threshold linear relation

between cancer induction and

radiation dose, the required number of individuals ( N ), incurring ft dose ( D ) , to
achieve detectability will increase steadily with a reduction of dose. If all factors are
kept constant, the statistical detectability of the excess number of cancers attributable
to radiation and its standard deviation are give by :Excess = rDN
Where

,

o «=

N-

number of individuals required to achieve detectability

Q.

Radiation dose

D-

Natural risk of cancer - (spontaneous Incidence) appropriate to the group under study

f.

Risk per unit dose in the group.

For the excess to be detectable, it must be larger than a stipulated number of
standard deviations ( usually 2, for a level of significance of 95%)
Therefore
In

rDN > 2 J 2bN + rDN

most cases, the spontaneous cancer risk ( b ) is substantially larger than

( rD ), and therefore (2b + rD ) is practically constant. It follows after simple algebraic
manipulation that for the stipulated level of significance,

D2N > Constant.

This relation indicates that for the statistical detectability of radiation induced
cancer after low dose exposures, a very large population is required. For example, if a
given type of cancer is related to radiation in a group of few thousands who incurred a
dose in the order of 1 Gy; then to show the same relation with a dose in the order of 100
m Gy, one would require groups of a few hundred thousand individuals.
This argument is simplistic as it ignores most of the complicated factors
involved in epidemiological studies.

However, it is sufficient to dismiss the efforts to

prove thresholds for cancer induction after radiation exposures at low doses.

5.4.7 RISK PROBABILITIES

FOR CANCER AND HEREDITARY EFFECTS

To calculate the overall cancer risk for an exposed population, it is necessary to
use models that extrapolate over time, the data based on limited period of the lives of
the individuals.

Two

such projection models are generally used.
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The Additive

(Absolute) Risk model

postulates that radiation will induce cancer after a period of

latency independently of the spontaneous rate. Variations in risk may occur due to sex,
age and other variables at time of exposure. The Multiplicative (Relative) Risk model
postulates that the excess (after latent period) is given by a factor applied to the age dependent incidence of natural cancers in the population, this factor may be constant or
time varying.
In 1980, information on the LSS population of more than 90000 persons
necessitated revision of pervious risk estimates. This revision included the use of the
dosimetry (DS 86) instead of the (I 65) by the introduction of certain correction factors
to allow for humidity, the yield of Hiroshima bomb, and the shielding provided by
buildings.

Also, the use of the Multiplicative risk model appears to provide a better

basis for assessing the lifetime risk of most solid cancer. The UNSCEAR and BEIR
estimated the life time cancer risk by considering all the accumulated data of the Atomic
bomb survivors up to 1985. The methodologies used were:1) New Dosirneteric techniques (DS 86).
2) Lifetime projections using multiplicative and additive models for high-dose and highdose rate exposures to indicate the form of dose response relationship, which was
found to be Linear Quadratic for Low LET radiation.
3) The linear coefficient at low doses and low dose rates was obtained from the high
dose, high dose rate estimates of risk by dividing by the Dose and Dose Rate
Effectiveness Factor (DDREF) of ( 2 ) .
4) Based on this data, the ICRP estimated the Nominal Probability Coefficients for
Stochastic Effects (Cancer and Hereditary Effects) for working groups and general
population of all age groups.

• The Multiplicative risk projection model is too simple, and does not necessarily imply
multiplicative biological processes.

It is a convenient description of the manner in

which the probability of an attributable cancer varies with time.
• The Additive risk projection model

postulates that the excess mortality would be

broadly independent of the natural mortality.

This model is not consistent with

epidemiological observations.

Both models have several drawbacks that undermine their efficiency in defining
the relation of natural

(spontaneous) cancer mortality, and the excess of cancer

incidence due to radiation after human exposures including all age groups. All these
difficulties introduce uncertainties into the estimation of the cancer risk from exposure
to radiation.

For this reason, and because the ICRP
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estimates the risks for

representative populations with defined exposure patterns, the ICRP calls the estimated
probability of stochastic effects per unit effective dose, the Nominal Probability
Coeficients.
5.4.8 DOSE AND DOSE RATE EFFECTIVENESS FACTOR, (DDREF).

Experimental evidence, and human epidemiological studies suggest that cancer
induction at low doses and low dose rates is less than that observed at high doses and
high dose rates. Since most available epidemiological data are for high doses only, the
approach used for assessing the risk at low doses is to fit an ideal linear dose response
relationship to the data for high doses in order to project it for low doses for which the
data are lacking, since the dose response curve is assumed to follow a linear quadiatic
relation, with the linear term occupying the low dose.
Dose

Rate Effectiveness factor (DREF) was developed and defined as the ratio

of the slope of the linear no threshold fit for high dose high dose-rate data, to the slope
of the linear no threshold fit for low dose and low dose-rate data. This is shown in
(Figure - 7).
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a
"F««i
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mm
•

-

-

-

Curve (B)

•

Absorbed Dose

Figure 7

The DREF in experimental systems varied between (2-10) for individual tumour
types (NCRP, 1980). The UNSCEAR (1986) reviewed the data and estimated the DREF to
have a value of (5).

The ICRP (1990) gave the Ratio the name Dose and Dose Rate

Effectiveness Factor (DDREF), and coined a value of (2) according to the data of Atomic
Bomb survivors estimates. These considerations apply to Low LET radiation, and have
been used for all equivalent doses resulting from Absorbed Doses below 0.2 Gy, and
dose rates of 0.1 Gy per hour.
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5.4.9 NOMINAL PROBABILITY COEFFICIENTS FOR STOCHASTIC EFFECTS.

The average value from several calculations using the "Multiplicative Projection
Model" adopted by the ICRP, 60 (1991) was taken as [10 x 10 2 Sv 1 ]. This value is used
as the nominal risk for Acute High Dose exposures. Applying the DDREF of (2) for the
probability of induced fatal cancer at low dose and low dose rate exposures in a
population of all ages, yields a nominal value of [ 5 x 10 2 Sv "1 ]. For a working group of
age 20-65 years, another value of [ 4 x 102 Sv'1) was obtained.
Nominal Probability Coefficients for Stochastic Effects.
Adult Workers

Exposed Population

Whole Population

Detriment (io^Sv*1)

Radiation Effect
Fatal Cancer
Non-fatal Cancer
Severe hereditary effects
Total

4.0

5.0

0.8

1.0

0.8

1.3

5.6

7.3

* For fatal cancer, the detriment Is equal to the probability coefficient estimates of the distribution of fatal cancer
risk among organs, and the length of life lost from cancer for each of these organs. These are calculated by
the Commission after further analysis of atomic bomb survivors data.

The

probability

coefficients

for Hereditary Effects were based on the

assessments of the UNSCEAR and BEIR experimental data on hereditary effects in
animals, which are comparable to the estimates of the corresponding effects in man.
The nominal probability coefficient of severe hereditary effects in all generations after
low dose and low dose rate are given in the table for the working groups, and for the
general population.
5.4.10 CONCEPT OF DETRIM&NT.

Detriment is a measure of total harm to health eventually experienced by an exposed
group and its descendents, resulting from radiation exposure. It is expressed as the
product of probability of a deleterious effect and the measure of its severity .The
doses implicated in this concept are well below the thresholds for deterministic
effects. This was adopted in ICRP, publication 26, (1977).
• ICRP, publication
multidimensional

60 (1991) finds this approach too limited.
concept

of

Detriment

Quanatities.
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which

constitutes

It recommends a
four Stochastic

1. The probability of attributable fatal cancer.
2. The weighted probability of attributable non fatal cancer.
3. The weighted probability of severe hereditary effects.
4. The length of life lost if the harm occurs.
• This Aggregated Detriment at low dose has a rounded value of [10 2 Sv "1J.
• The distribution of "Aggregate Detriment" among organs and tissues is represented
by the Tissue Weighting Factor (WT).
• The term detriment is a complex concept combining the Probability, Severity, and
Time Expression of Harm.
• T h e ICRP, UNSCEAR, NCRP, NIH, BEIR, WHO, have all indicated that the detriment
per Sievert is now considered greater than its former value.
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ABSTRACT

The transport of oxygen as an impurity element in small size tokamak was
studied theoretically . The viscosity coefficients of oxygen impurities has been
calculated in different approximation (13 and 21 moment approximation), taking
into our consideration the Hall parameter of species ot(a^ e & i ) , \Ka\ » 1 . It was
found that in a collision - dominated plasma , the collision tend to randomize the
motions of particles , so , the important feature in this study is dominance of the
magnetic terms in viscosity equations.

INTRODUCTION

Impurity transport in tokamak plasma is subject of great importance in present
day tokamak experiments , the most abundant impurity species in both core
plasma and the edge plasma are oxygen and carbon . The dominate light impurity
in most tokamaks is oxygen. The oxygen is assumed to originate on the wall and
limiter surfaces as loosely attached adsorbed gas or as more strongly attached
metallic oxides(^"^) . Sputtering by oxygen ions can be the dominant process for
metal atom release at the vessel wall P) . Recently much attention has been given
to the role of impurities as a responsible mechanism for the increase in the plasma
resistivity above the value calculated by Spitzer and Harm W .

THEORETICAL CALCULATION
To determined the viscosity coefficient in a multicomponent plasma we use
Grad 's method ( 7 ) , and a result of (*"') . Starting from the local Maxwell
distribution function

(1)

where U2

= |V-M,°J

\u° is the center of mass velocity of the mixture ma is the

mass of the particles nal

and Tat are the density and temperature of the

particles of kind a and charge z,a( i, e).

Due to transport of particles and energy in plasma , after short transition time ,
the distribution function (1) can then written in the form.

where /„<',' =/„«?*.,

\rcaJ«l

is the function measure the correction of the distribution function

from the equilibrium / a ( ° } . Equation ( 2) can be written in the form

(3)

fat

The kinetic equation which express the rate of change of the distribution function
|S

fa.

•*

^

^

±[ ^

L

L
= Cat
d V

C

(5)

whereCa, is the collision term , considered by Krook which is called relaxation
model taken in form Cat ~ ( fax ~ / a ( ° } ) v and v is collision frequency .
Expanding the correction function in irreducible Hermite polynomials ( 7 ~ 8 ):

where K^T & AC(a2)} stands for the expansion of the correction function in 13 and
21 moment approximations where £

stands for the dimensionless variable and

equal to:
—*

tn

~*

—>

/w

i

Ua t ( ^ f 0 *s t n e center of mass velocity , hr vector Hermitian moments and hrs
traceless tensor Hermitian moments. This moments have a very important
physical meaning , such as, the relation between the pressure tensor and the
second - order tensor Hermitian moments , heat flux and the third - order vector
Hermitian moment. Substituting equations (6) and (7) in the kinetic equation (5)
we get the following equations which describes the 13 and 21 moment
approximation:
dK03)

l

at

-/<°f>

{ vv

d fm

f-<

1+K

*'

> dt

e

ma}

h

-

+

1 - cv
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d /(0)

+K

" >

p

d

ci+f.. )

d

fm

+c..

(9)

d t

d

V

(10)
Retain only tensorial moment in the left hand sides of equations (9) or (10) and
solve for tensor moment , we have after lengthy calculations the equations for ion
tensor moment:
(11)

(12)

d't
e.B

where coc = — , Crs = -si. 3 rx/
me
tensor and given by:

V U

x is collision time , esmn is permutation

1
sjn,n are cyclic
0 // two induces are equal
—1 s/n,n are not cyclic
3rj/

is symmertrization operator and by defension equal to
-Srt

Spq

Ax , Bl , A2 , B2 are constants evaluated in W and equal to

70

2

56

suppose that h™ and h™ are slowly varying in time , then -— = 0 in equation (11)
d t

and (12). Then the following equation are obtained :

(13)

Ipq

£

pmn

Where Ar=£yc r .Solutions of equations (13) and (14) yields the values of/;^ and
h{^ .Substitute these values in the pressure tensor nrf to calculate the viscosity
coefficient of oxygen impurity as follows:

(15)
where "r" and "s" equal ( x, y, z ) . From equation (15) we get the viscosity
coefficients of oxygen impurities in 13 and 21 moments approximation as follow :
(13) __ 'ax

ax

*crz

-J(21) „

at

ax

*ax

•/")

™

at

ax^at

ZL where | | A 1

(21) __

at

ax"* ax

stands for parallel,

penperduical and off diagonal components of viscosity where C,_6 are function of
coc x and has been calculated by mathematica and x ai is equal to

lnA is coulomb logarithm and equal to In A = In 7>Tat X at I Ze

CONCLUSION
The viscosity coefficients of oxygen impurities has been calculated for different
charge states . It was found that the viscosity coefficients at K » 1 . For parallel
coefficient Fig(l, 4, 7) we see difference between 13 and 21 moments
approximations this due to additional terms in 21 moments enhanced the viscosity
coefficients . But for perpendicular coefficients the value is very week
approximately zero Fig(2, 4, 5) this means that the friction force is very week . For
off- diagonal component of viscosity coefficient their is a coincidence between 13
and 21 moment approximation Fig( 3, 6, 9 ). The important feature in this study is
dominance of the magnetic terms in viscosity equations

ACKNOWLEDGMENT
The authors would like to acknowledge the valuable discussions with Prof. Dr.
Demchenko

REFERENCES
[1] W.J. Baver, Nucl. Matter. 67/77 3 (1973).
[2JR.K. Janev , M.F. A. Harrison , and H.W. Drawin , Nuclear Fusion
vol.29,no.l(1989)
[3] L.A. Artsimovich , G.A. Boborovskij , E.P.Gorbunov , et al ( 3 ic? Int. conf.
Novosibinsk , (1968) ) plasma phys. and Controlled Nuclear Fusion Research,
vol. 1,IAEA Vienna 157 (1969).
[4] F. D£ Marco, R. Giannella, G.Mazzitell , plasma phys., vol.24, no.3 pp. 257264(1982).
[5] A.P.Martinelli, RBehrich, J. Nuclear materials 145-147 (1987) 755- 760 .
[6] L. Spitzer, RHarm, Phys. Rev. vol. 89, PP. 977 (1953)
[7] H. Grad,Commun.Pure & AppI.Math.2 PP. 311(1987).
[8JH.A.CIaassen, H. Gerhauser, RN.EL- Sharif Report KFA - JUL - 2423 (1991).
[9] H.A.Claassen, H. Gerhauser, Y.A.Sayed KFA - JUL - 2548 (1991)

0.25

005

0

0528

1J.&6*

10.584

2fl»?

32 d*

Fig. 1. parallel ion viscosity for

•f—I
0.

9 520

13 051

W584

.20112

32 64

Fig. 2. perpendicular ion viscosity fcr

Z=

0.4 n

'/A

02

Tig. 3. Of'-diagonal Ion viscosity for

I.IM

17.021

Fig. 4. Parallel ion viscosity for

Jt.0044

20.300

22.0044

Fig. 5. Perpendicular ion viscosity for

aa.aaa

Z-7

0.6

2.04

• .5104

14.184

1D.0S70

0}.

Fig. 6. Off - diagonal ion viscosity for

28.360

6.62

13.24

19.06

26.40

36.41

Fig. 7. Parallel ion viscosity for

0.02

6.62

13.24

19.06

26.40

Fly. 0. Perpendicular Ion viscosity for

10

36.41

=6

3G.41

Fig. 9. Off-diagonal ion viscoaily for

11

EG9601736

BEAT-WAVE EXCITATION AND CURRENT
DRIVEN IN TOKAMAK PLASMA
BAHAA F. MOHAMED
Plasma Phys. Dept., Nuclear Research Centre, AEA, Cairo-Egypt.

ABSTRACT
Excitation of large amplitude plasma wave due to beating of two intense electromagnetic
(EM) waves whose frequency difference matches the eigenfrequency of a plasma mode (for
instance, an electron plasma oscillation) has been investigated. These beat waves lead to a toroidal
current drive with radial focusing or defocusing electric field component due to a Gaussian profile
of the amplitude of the pump waves. Besides, the transfer of momentum flux accompanies the
transfer of wave action in beat-wave scattering will be used to drive the toroidal and radial currents
in tokamaks. Accordingly, a self-consistent magnetic field are also be generated.

INTRODUCTION
Wave heating and current drive in tokamaks is a growing subject in the plasma
physics literature (1>2>. Also, it is well known that an important obstacle to laser fusion is
the production of high energy electrons. For current drive in tokamaks by electromagnetic
waves, different methods (for example, neutral particle beams (3) , radiofrequency RF
waves at different frequency ranges <2) ) have been proposed in recent years. One of the
promising schemes for current drive remains the beat wave scheme <4-5) . This technique
employs two co-propagating (or counter-propagating) monochromatic laser beams or
microwaves whose frequency difference matches the plasma frequency, while the wave
number difference (or sum, in the case of counter propagating) determines the wave
number of the resulting plasma beat wave.
This method is suitable for high density tokamaks and offers some advantages over
the other RF-current driven methods. It provides excellent possibilities to localize the
generation region in space and to control the current profile. Besides, particle trapping in
the intense beat wave creates hot collisionless electrons which sustain a current.
The basic mechanism can be looked at in terms of the nonlinear, longitudinal
pondermotive force associated with the beat. This force acts on plasma electrons to
produce charge separation and hence plasma oscillations at the resonant frequency
(Op = ->J47ie2n0 I me . A very similar mechanism is involved in the Stimulated Raman
Scattering (SRS) process, in which an incident electromagnetic wave decays into an
electron plasma wave and a scattered electromagnetic wave.
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An experimental study has been made to measure the absolute amplitude of the
electron plasma waves excited by two counterpropagating CQ> lasers (6),with wave
amplitude ^~Snln0 =5.5%, (where no is the plasma density in m ) or by optical
mixing of two anti-parallel microwave beams O with C, =0.8 % at the incident microwave
power of 40 KW. Theoretically, the maximum wave amplitude (wave breaking limit)
occurs at f = 1 but the plasma wave saturate at an amplitude well below the wave
breaking limit because of nonlinear interaction. It has been also excited the relativistic
electron plasma wave of the amplitude #j/flo = (1-3)% by collinear COi lasers W.
Besides, electrostatic waves were driven in a toroidal plasma by counterpropagating
microwave beams with a difference in frequency approximately equal to the electron
plasma frequency (5-9>. The measurements were performed in the Davis Diverted Torus
(DDT) operating in a low-density (7 x 107 - 2 x 109cw~3) with high repetation rate (15
shots/sec) mode.
Some authors <10" 12> have continued theoretically to investigate the potential of
beat wave current drive. The consensus appears to be that high efficiencies can be
achieved, with 20-30 % of the electromagnetic wave energy going into the energetic
electrons if millimeter wave sources (such as free electron lasers) become available at
frequencies of order 250 GHz with peak powers of several gigwatts.
In this work, we discuss the basic analysis of a beat wave current drive scheme in
which collinear pump waves are used. By assuming a Gaussian profile for the amplitude of
these pump waves, we have calculated the amplitudes of the longitudinal and radial fields
of the beat wave due to the nonlinear wave interactions. Besides, the transfer of
momentum flux accompanies the transfer of wave action in beat-wave scattering will be
used to drive the toroidal and radial currents in tokamaks. The amplitude of self-generated
magnetic field due to these currents are also calculated.

THEORETICAL DESCRIPTION
The fluid model of the equations describing waves in a hot, collisionless relativistic
plasma with immobile ions is:
^
dt

-eE--(VxB),
c

(1)

— + V.(«F) = 0,
at

(2)
(3)

1

/ *

1 CD

-,
1 ccEat

,

4TT

=

r<a

T7

enV,
c dt

AS

(4)
(5)

c
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where, P-mP/\l~-V2
Ic2 ~m9y
is the electron momentum, P, n are the electron
drift velocity and density, HQ is the unperturbed plasma density, e and m are the electron
charge and mass with E and B are the electric and magnetic fields respectively.
We consider a situation where two intense externally electromagnetic waves
E\(k\,o>i), £ 2 ( * 2 ,a>2) could be propagated nearly tangential to the torus and focused
so that they interact with each other in the core of discharge. We also assume the
cylindrical coordinates for the torus with al R«\
(a and R are the minor and major radii
of the torus) and a Gaussian profile for the amplitudes of these pump waves which injected
to the homogenous plasma along r-direction :
Elt2 (r,z, t) m E0e~r

IR

exp[/(*i t2 * - » l f 2 / ) ] + C. C.

(6)

where EQ is the amplitude of the incident waves. The field of the beat wave is
C.C.

(7)

Efficient coupling can occur if the frequency and wave number matching
conditions are satisfied Q>$ = G)\ — 0>i , k$ = k\ — Ar2. These phase matching conditions
are intimately related to energy and momentum conservation.
Substituting equations (6), (7) into equations (1) - (5), we have:
for pump wave (O\,
-V^Bj ,

(8)

(9)

r

00)
for pump wave 0>i ,

N2B2 = E2~^-(n^2

+ ^ 1 +W2^3r) ,

(12)
(I 3 )

= £2,

lU

where, N\i

= ck\2 I #1,2 is the refractive index for the incident waves.

From equations (8) - (13) we obtain the velocities of pump waves in the following
form:

myD

myD
where,

Vp\i

\OL

-—rjr

0)2

j£.

ra

= eyj 2 / k\i

(14)

(15)

are the phase velocities of the pump waves and

D = O)\Q)2

The superscript (*) on different quantities represents the complex conjugate of the
revelent quantity.
Also, we can obtain the following wave equations for the pump fields:

<u\

no

no

"0

(16)

(17)

Equations (16) and (17) show that when the electrons in the tail of distributions
are trapped which, means that the initial growth of the excited plasma wave is stopped, the
electric fields of the pump waves depend on the radial velocity of beat wave due to the
nonlinear mechanism.
Also, for the beat plasma wave Gh,

(18)

= -eEiz
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~eE3r

(19)

(2o)

(21)
Accordingly, due to the transfer of momentum flux in equations (18) and (19)
accompanies the transfer of wave action in beat wave scattering the toriodal and radial
currents are derived:
id)
(22)

We can notice that the electron density fluctuation n-$ (related to the beat wave)
essentially depends on both toroidal and radial velocities due to the Gaussian profile of the
pump waves as follows:

[ R2

K 3r>

where V^ph ~ co^l k3

is the phase velocity of the excited plasma wave. This is agreed

with the results of Yu Wei et al. (13) in the case of constant amplitude of the incident
waves. At the wavebreaking, in which the electron-density fluctuation n3 becomes
comparable to the plasma density, we have:

i

Therefore, the equations which describe the electric field components of the beat
wave are:

(26)
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with the following wave equation for the magnetic field

(28)
where,

with e = 1 - co. I co

and Nj = cKj 10)3 are the dielectric constant and refractive index

related to the beat wave respectively. Also,
0).

1+

is the source function due to nonlinear interaction of the pump waves.

DISCUSSION AND CONCLUSIONS
We have discussed current driven in tokamak plasmas by beating of two high
frequency electromagnetic waves. The beat wave coupling process excites a flux of large
amplitude plasma waves in the interaction region with high phase velocities and frequency
difference matches the eigenfrequency of a plasma mode (e.g., an electron plasma
oscillation). A radial current density J 3 r (equation (21)), and a radial focusing or
defocusing field component E$r (equation (27)), have been generated, due to the
Gaussian profile of the amplitude of pump waves.
The wave equation (28) gives the self-consistent magnetic field #3 due to the
excitation of beat wave. By taking into account the normalization forms of the parameters
rand £3, i.e., >> = Krand B = 2?3 fb , we obtain:

IT
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(29)

dy

where,

b= -

^y

G'(y) =

y

0).

This beat wave has the largest amplitude when the frequency resonance condition
tf>3 = o)i - o)\ = 6 ^ («y^e is the maximum plasma frequency in the heating region) is
satisfied. Therefore, equation (29) has a solution in the following form:
y

B(>0 = \[h(y)Kx{y') +

Il(y')Kl(y)p'(y)dy'

(30)

Where, / ] and A^i are the modified Bessel function of the first and second types.
Figure (1) displays the dependence of the self-consistent magnetic field B on y at
different KpR , with K-$ « Kp (the plasma wave number). It is clear that the magnetic
field is generated only at 0<Kpr
maximum amplitude at

< 10, (i.e., in the core of discharge vessel) and has

Kpr^9.

These beat waves are then damped over a relatively short distance by resonant
electrons along the toroidal magnetic field lines 2mjR around the torus ( q is the safety
factor ). In consequence, resonant electrons will carry away the beat wave momentum and
thus drive a toroidal current J-$z (equation (22)) as they propagate around the torus. So
that, these beat waves can be applied successfully to plasma heating ( 4 ).
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ABSTRACT
The linear interaction between cold inhomogeneous beam-plasma system and
instability arised are investigated . The unperturbed density of electron beam is
considered to varies linearly over the length of the system such that: N^ = w^O + —),
JLI

where L is the length scale of the variation ( Z , » x) . The dispersion relation of the
system is derived . Also, the growth rate of the instability is calculated . It is shown
that waves are excited more strongly in our cases compared to that for homogeneous
case.
INTRODUCTION
Treatments of the beam-plasma instability usually study the behavior of the
growth rate as a function of the parameters of the problem for one or two oscillation
modes which have the largest growth rate (l5) . This approach has permitted
considerable insight into the important role of transverse transport of the oscillation
energy which the group velocity out of the beam region in determining the behavior of
the beam-plasma interaction(6) .
However, these studies have not been completed, they did not investigate the
effect of inhomogeneity of the electron beam-plasma interaction . In addition it is
important in studying the linear stage of inhomogeneity beam- plasma instability to
obtian complete information about the spectrum of plasma waves excited by the
inhomgenous electron beam . In the present work we consider the linear interaction
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between the cold inhomogeneous electron beam - plasma system . The field equation
which describes the system is a differential equations of third order. To solve this
equation to obtian the dispersion relation we consider the density and velocity of
inhomogeneous beam is in such form :

where : L is the length scale of the variation (L » x) . The growth rate of the
instability is calculated . Waves are excited more strongly in this case compared to that
for homogeneous beam.
BASIC EQUATIONS
We consider electron beam with density Nb (x) which propagates along x-axis
with velocity Vh through a bounded plasma with density Np (x) (Nb «

Np ) and also

propagates along x-axis with velocity V (x) .

In the first approximation the continuity equation describes the electron beam
can be written in the following form :
iL

at

V(A^)

=0

[2]

Also the equation of motion of the electron beam can be written as :
e

-E
m

-

[3]

The variables Nb , fb are represented by :

,

Vb^Vn{x) + P

[4]

and E is the electric field . From equations [2] and [3] , we can obtain the perturbed
density of the electron beam as follows :
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Similarly from the continuity equation and equation of motion of the plasma,
we can obtain the perturbed density of the plasma as follow :

[6]
mco
From Poisson's equation :
[7]
and by substituting from [4] and [5] into we have
dl

,

dx3

x

„

lico

v

x/

d

d:

V^ ox2^

, cOrst. „ .

-exp(—x)

T

1

x/

d

.

V^ dx'
-, ^

v

f(<y»)- Jexp(— *)£, c/ x

[8]

where :
<y (x)
e

- \

,

47ren0

z^— j s t n e dielectric permeability of the plasma, (co (x) = (
2

p

co

(x)

), is

m

the plasma Langmuir frequency ) .

<y2 = (

4 7T 6 ti

—9L^ i s the frequency of the inhomogeneous electron beam .
m
When Nb = const. , Fw =const. , i.e., the case of

beam, equation [7] becomes :
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a homogeneous electron

[9]

dx
Equation [9] is in agreement with the work of Amein et al. (1975) (7)
From [2] into [8], we have

[10]

where :

—

£

p

^(0)

y and

CO

co
are tne

fifSt approximation for the plasma and beam respectively, e^ is

the first approximation of plasma electric permittivity .

If we neglect small terms — or — and takes Es ~ exp[f'Ax] , we have from
Lt

Li

[10], that:

^3

*" P

1+

2k

=0

[11]
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The relation [10] represent the linear dispersion relation of the inhomogeneous beamplasma interaction.
To investigate, the unstable modes of [10], we set
[12]
where : y

«co'

21.

From [12] into [11], we have :

tl3]

kL»\
"P

From relation [13] and by comparing the result in the case of
- 2/3

r=
we see that in our result [13] due to the inhomogeneity of the electron beam the
lin
l
growth of oscillations increase due to the factor : — — — - , and it follows that the
nb kL
excitations of waves in the plasma must be increase more than the case of
homogeneous beam-plasma interaction.

CONCLUSION
In this work we have considered the instability due to the interaction of an
inhomogeneous beam-plasma . This study has enabled us to investigate the excitation
of waves in the plasma due to inhomogeneity of the electron beam . The differential
equation which we obtained is in agreement with the case of homogeneous beamplasma instability if we put in our case nb = const., V^ =const. . The linear dispersion
relation describes the system is obtained (relation [12]) .
The main results of this work is the conclusion that due to the effect of
inhomogeneity of the electron beam the excitation of waves in the plasma must be
increase more than the case of homogeneous beam-plasma instability .
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PLASMA SHEATH DYNAMICS AND PARAMETERS
IN FOCUS AND DEFOCUS CONDITIONS

M.M.MASOUD, H.M.SOLIMAN and G.M.EL- ARAGI
Plasma Physics and Miclear Fusion departement, Miclear Research Centre, Atomic
Energy Authority, Cairo, -Egypt

ABSTRACT

The study dealt with the effect of the inner electrode polarity on the dynamics
behavior and parameters of plasma sheath in a coaxial discharge. Experimental
results showed that the radial plasma sheath current density increased with radial distance from negative electrode to positive electrode. The plasma sheath
thickness reached its maximum value near the negative electrode, whatever it is
the outer or the inner electrode. Theoretical calculations of the angular plasma
sheath velocity along the annular space between the coaxial electrodes at the
muzzle showed that the plasma sheath current rotates and its rotation increased
near the positive electrode. AJso it was shown that the axial plasma sheath
velocity is monotonically increasing up to the muzzle, when the inner elrctrode
(IE) has a positive polarity, while the sheath velocity increased then decreased
near the muzzle for the negative inner electrode . It had been found that with
( - ve ) IE the soft

X - ray emission intensity dropped by three orders of

magnitude from that measured with ( + ve ) IE .

27

INTRODUCTION

Plasma focus devices are normally operated with ( + ve ) polarity inner
electrode (l) . Previous experiments <U) have shown that, interchanging the polarities
cause a decrease ( several orders of magnitude ) in neutron yield, and causes also a
sudden fall of current and voltage spike . In Fillippov device (4) , it is shown clearly
that symmmetric contraction of the current plasma shell is observed only when the
central electrode has a ( + ve ) polarity. Also it has been observed that (5) , when the
polarity of the IE reversed to cathode, the focus pinch does not normally exhibite
m ~ 0 instabilities, the density decays in a slowly expanding plasma column within
100 - 150 ns and the neutron yield is strongly reduced by a factor of - 103 .
The aim of this work is to investigate and clarify the effect of IE polarity on the
dynamic behavior of plasma sheath and X - ray emission from a plasma focus.

EXPERIMENTAL SET- UP

Investigations had been carried out in a plasma focus device of Mather
geometry (6), Fig. ( 1 ). The diameter of the inner and the outer coaxial stainless steel
electrodes were 3.2 cm and 6.6 cm respectively. The inner electrode length was 31 cm
and the inner electrode - to - outer electrode distance was 13.5 cm. The outer
electrode muzzle is connected to a stainless - steel expansion chamber of 23 cm length
and 17 cm diameter. The discharge was energized by a condenser bank charged to 10
KV with a stored energy of 3 KJ. The peak discharge current reached 100 KA. The
device is operated with hydrogen gas with a pressure of 1 Ton*.

RESULTS AND DISCUSSION

The radial plasma sheath current density, Jr has been measured by using a
miniature Rogovsky coil. Fig. ( 2 ) shows the dependence of Jr on the radial position
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Fig.C2). Radial plasma sheath current density versus radial distance
(a) Inner electrode (*ve)*
C b) Inner electro d e (- ve) •

at the muzzle which follows the relation Jr ocr'13 ( focus condition , (+ ve) central
electrode) and Jrccr2

( defocus condition, (-ve) central electrode). The radial

distribution of the axial magnetic field Bt at the muzzle is measured by a magnetic
probe. Fig. ( 3 ) showed that, in the focus phase at r = 2 cm the value of Bx increased
by 50 % from the defocus mode, while at r = 2.4 cm and 2.8 cm it decreased by 33 %
and 77 % respectively.

The angular plasma velocity has been calculated theoretically from the 0
component (7) using the equation of motion :

The radial distribution of the angular plasma sheath velocity (Ve) at the muzzle for the
focus and defocus conditions is shown in Fig. (4). It is observed that in both conditions
the plasma sheath current rotates around the inner electrode opposite to the rotation
near the outer electrode, and that Vg , has a maximum value near the (+ ve) electrode.

The axial velocity and the shape of plasma sheath have been measured, by
determining the azimuthal magnetic field, Bg with magnetic probe as a function of the
axial distance along the coaxial electrodes at radius r - 2.45 cm . A typical Be(J)
signal is shown in Fig. ( 5 ), together with the current wave form. From the data of B9
measurements, the arrival time of current sheath as a function of axial distance was
determined Fig. ( 6 ), for both IE has a ( + ve ) and ( - ve ) polarity. The axial plasma
sheath velocity Vt,, as a function of axial distance is shown in Fig. ( 7 ) . It has been
found that Vz has a maximum value at the muzzle for focus condition while it
decreased for defocus condition.

The shape of the plasma sheath is determined from the sequance signals of the
azimuthal magnetic field at different radial distances. The average axial plasma sheath
velocity Vt and crossing time t of the plasma sheath across the magnetic probe is
obtained. The thickness of plasma sheath ~ Vtt , Fig. ( 8a , b ) shows the dependence
of plasma sheath shape on the polarity of the coaxial electrodes.
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The X - ray emission from the coaxial plasma discharge was detected by a plastic
scintillator with collimator arrangement to assess photon energy intensity, coupled to a
fast photomultiplier. The detector is pointed at a position 5 cm off- the end of central
electrode axis. A typical oscillogram of time resolved X -ray signal is shown in Fig.( 9)
This figure cleared that when the IE has a ( - ve ) polarity, the X - ray intensity is
decreased by three orders of magnitude from the case of normal mode of operation.

CONCLUSION

The experimental results presented in this work confirmed that interchanging
the polarities in the coaxial discharge was an important factor, influencing the plasma
sheath shape, dynamics and X - ray emission. Radial distribution of the plasma sheath
current density at the muzzle had the following relation Jr ocr"15 for focus condition
and Jr oc r2 for defocus condition. This discrepancy was due to the plasma sheath
shape, wall interaction and viscosity. The radial distribution of the axial magnetic field
at the muzzle had a maximum value near the inner and outer electrodes, but their
magnitudes differ in focus and defocus conditions. From the theoretical calculations, it
had been found that, the plasma sheath current rotated around the central electrode but
near the outer electrode it rotated in an opposite direction and the angular sheath
velocity had a maximum value near a positive electrode. The axial velocity Vt had a
maximum value at the muzzle = 1.8 x l O 7 c m / s (focus condition), but it had a
minimum value = 1.5 xlO6 cm / s (defocus condition ). Results of the thickness of
plasma sheath close to the ( + ve ) electrode was thinner than the plasma sheath at the
(- v e ) electrode.

Interchanging the polarity from the normal operation caused a decrease of X ray intensity emission from a plasma focus by three orders of magnitude. The results
indicated that the dynamics of plasma focus was predetermined by the breakdown
conditions and the dynamics of the plasma sheath.

*DIS.

X-ray

(a) inner electrode
(b) Inner electrode

(9j S@H K-r*v
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MEASUREMENT OF ABSORBED DOSES NEAR
INTERFACES AND DOSE MAPPING USING
GAFCHROMIC DOSIMETRY MEDIA

F. ABDEL-REHIM, F.I.A. SAID AND A.A. ABDEL-FATTAH
National Center for Radiation Research and Technology, AEA,
P.O. Box 29, MadinatNasr, Cairo, EGYPT.

ABSTRACT

GafChromic Dosimetry Media is a thin-coated films which has advances
in high-dose

radiation dosimetry and produces high-resolution radiation

image for gamma radiation. Therefore, these films were calibrated in the
dose range 0.1-50 kGy in terms of the increase in absorbance at 600 nm,
400 nm, increase in the area of the absorption spectra in the ranges 395-405
nm and 320-450 nm wavelengths as a function of absorbed dose \n water.
The calibrated films were used for the measurement of absorbed doses close
to metal interfaces and dose mapping of the radiation field inside product box
during a run for sterilizing

surgical gloves in Egypt's Mega-Gamma I

irradiation facility.
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INTRODUCTION

The sharp variation of absorbed dose near interfaces especially in case
of large differences in electron densities of the materials making up each
interface is a serious problem facing the irradiation of electronic devices
which consists of multilayer materials*1"5*. GafChromic Dosimetry Media is a
thin-coated, self-developing film which is sensitive to electron beam and
gamma radiation. It consists of 6 (am thick radiation sensitive layer which is
made up of microcrystals of radiation sensitive monomer uniformly dispersed
in a gelatin binder coated on a 100 jim thick polyester base(6). The effects of
dose, dose rate, storage, temperature and relative humidity during gammaray

irradiation on the dosimeter film performance have previously been

investigated*6'7*.
In the present
produces

work, the GafChromic Dosimetry Media films which

high-resolution

radiation image for gamma radiation were

calibrated and used for measurement of absorbed doses close to metal
interfaces when irradiated by 60 Co gamma radiation and also, used for dose
mapping of a dummy product box.

EXPERIMENTAL

GafChromic Dosimetry Media films were supplied by GAF Chemicals
Corporation. A UVIKON 860 spectrophotometer (product of KONTRON Co.
Ltd., Switzerland) was used for measuring and scanning the absorption
spectra and measuring the optical density at X max of the different film
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dosimeters. A Digitrix-Mark II thickness gauge, precision ±1 jam, is used for
measuring the thickness of all films.
Irradiations were carried out using Gamma Chamber 4000A irradiation
facility (manufactured at Bhabha Atomic Research Center, lndia) (8) . The
irradiation of the film dosimeters has been carried out at the central position
of the sample chamber in the Gamma chamber 4000A using a specially
designed polymethylmethacrylate (perspex) holder. This holder maintain the
center of the sample at a position of 10.5 cm from the bottom of the sample
chamber. This place is the most uniform isodose in the chamber, and it is
accurately calibrated using the standard Fricke dosimeter (9) and the dose
rate was found to be 4.2 kGy/h.
The

films

were

numbered,

measured

spectrophotometrically

at

characteristic wavelengths and then placed between two polystyrene slabs of
the same thickness (5 mm) to ensure that irradiations were performed under
conditions of electronic equilibrium. After

that, the film samples were

subjected for irradiation to various doses through removing sequentially 4
films at each dose, one after another until the highest dose is reached. The
irradiated films were then readout spectrophotometrically at characteristic
wavelengths and the results were subjected to different calculation methods.
The average value of each 4 films corresponding to an absorbed dose was
plotted against absorbed dose producing response curves.

RESULTS AND DISCUSSION
Absorbed dose response
The calibration of GafChromic Dosimetry Media films was carried out by
irradiation of films to a series of absorbed doses in water ranging from o. 1 to
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50 kGy. Film samples which irradiated in groups of four films were held
between electron equilibrium layers of polystyrene (thickness = 5 mm). The
typical absorption spectra of unirradiated and irradiated dosimeter films for
different absorbed doses in water are shown in Fig. 1. The increase in
absorbance of the

films which were irradiated to different doses were

measured spectrophotometncally by measurement of absorbance at two fixed
wavelengths. The

increase in absorbance at 400 nm and 600 nm are

presented in Fig. 2, as a function of the absorbed dose in water. The results
were found to be comparable to those presented by Chu et al. 1990(6). The
radiation-induced changes in film (shown in Fig. 2) may be expressed by the
following relationships:
0= 20.55 -38.2 a + 23.116 a 2

(1)

and
0= -0.0274 + 0.253 b + 0.04136 b2
where a

(2)

& b are the increase in absorbance at 400 nm and 600 nm

respectively.
The above expressions are agree fairly well with the experimental data
points, with

most of the points within ±2%. The correlation coefficients

calculated for the expressions given by equations 1 and 2 were found to be
0.99931 and 0.99999 respectively.
In addition to the above calibrations, the increase in trace area under two
wavelength ranges

(395-405 nm and 320-450 nm) are presented as a

function of absorbed dose in water up to 50 kGy (see Fig. 3). Expressions for
these two calibration curves may be also demonstrated by the following
relationships.
0= 21.086 - 3.898 c + 0.2336 c2
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as a function of absorbed dose in water.

and,
D= 24.881 - 0.36376 d+ 1.654x10"3 d2 (4)
where c &d are the increase in the area under the wavelength ranges 395405 nm and 320-450 nm respectively. The correlation coefficients for these
two expressions were found to be 0.9991 and 0.9989 respectively.
In all response functions (X = 400, 600 nm and trace area), the coefficient
of variation percent of each four films irradiated at each absorbed dose over
the dose range (0.1-50 kGy) was found to be very close and ranging from
0.31% to 1.59% (see Table 1).

Dose measurements close to interfaces
GafChromic Dosimetry Media were utilized for measurement of absorbed
doses close to different metal interfaces. The irradiation facility used in this
study (Gamma

chamber 4000A) consists of a cylindrical stainless-steel

canister (sample chamber) surrounded closely by 48 60 Co source rods. The
irradiation geometry is illustrated in Fig. 4, where the axis of the interface and
dosimeter stack is perpendicular to the axis of the annular

60

Co source

geometry.
The interface and dosimeter stack were supported on a piece of
styrofoam at a position 10.5 cm from the bottom of the sample chamber (the
most uniform isodose area in the chamber). The interface materials in all
cases are thin layers

of either copper (0.4 mm), aluminum (0.5 mm),

stainless-steel (0.5 mm), iron (0.75 mm) or air (- 80 mm). The spacers are
polyester (Mylar) to match the GafChromic Dosimetry Media films (polyester
base) used in the measurements. The measured dose distributions in
GafChromic Dosimetrv Media films as a function of thickness of material from

TABLE 1 : The coefficient of variation, %, values calculated for each four
films irradiated to different doses.

Dose, kGy

\ = 400nm

0.128
0.216
0.452
0.798
1.065
5
10
15
20
25
30
40
50

0.61
1.25
0.61
1.59
0.94
1.08
0.77
0.53

Coefficient of Variation, %
X ™ 600 nm Area (395-405) Area (320-450)
nm.abs
nm.abs
0.60
0.76
0.61
0.47
0.31
0.49
0.58
1.37
1.49
0.88
0.88
1.13
1.16
0.88
0.63
1.02
1.03
0.88
0.82
0.65
0.57

Signless

16

c in

Fig. 4. Diagram of the source geometry for the irradiation of the
dosimeter stack against a thin interface material. When air is
the interface material, the thin layer is omitted.

the interface (mm) are shown in Fig. 5. It can be seen that, there is a marked
dose deviation within ~1 mm thickness from the interface, after that the dose
distribution

is uniform up to about 3 mm thickness. The high-resolution

properties of GafChromic films made it possible to ditermine fairly the
differences in dose enhancement close to high-z interfaces and build up near
an air interface.

Dose mapping
Ideally the radiation process is designed to irradiate the product
uniformly, but since the intensity of radiation decreases with distance from
the source and with depth, due to absorption in the product, it is not possible
to

irradiate large volumes of bulk products with exactly the same dose

everywhere. Thus, in practice a certain variation of absorbed dose through
the product is accepted. The acceptable dose limits vary, depending usually
on the minimum dose (D min ) needed to achieve process specification and on
the maximum dose (D max ) that would cause either damage to the product or
its packaging, or is determined by legal requirements*10*.
The plaque-source irradiator of Egypt's

Mega-gamma-l processing

facility is designed to give a two-sided irradiation of a rectangular product
package (Fig. 6). The product moves through a sequence of positions where
it remains stationary for a set dwell time. The dose is proportional to the cycle
time, which is the sum of the dwell time (variable) and the time taken to move
the product box from one location to the next, i.e. the shuffle time constant).
The dose distributions in a dummy product box irradiated along with other
dummy

product boxes in Egypt's Mega-gamma-l irradiation facility were

measured by placing about 500 individual GafChromic film dosimeters (1x1
cm) contained in small blue paper envelopes at different calculated locations
at various planes throughout the dummy box (see Fig. 7). The results are

1*6
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box movement

Fig. 6. Grid pattern for placing of dosimeters for dose distribution
measurements in one plane.
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Fig. 7. Isodose curves on a horizontal plane with dosimeters placed
perpendicular

to the source

plaque at many positions

through the middle of the product dummy box.

shown as isodose curves in Fig. 8 where the locations of D m i n and D m a x can
more accurately be determined. Data from such measurements, however,
cannot reliably be
products,

and

transferred to inhomogeneous or irregularly shaped

therefore,

detailed

experimental

dose

mapping

is

recommended in these cases.
In the case of the sterilization of medical products, it is important that all
the

product receives a dose large enough to kill the pathogenic micro-

organisms and, in the case of a two-sided gamma ray irradiation (as in
Egypt's Mega-gamma-l) where a large proportion of the product is irradiated
close to the minimum dose, it is essential that this minimum dose be large
enough to achieve the sterilization process. In the case of food irradiation,
where not only the minimum dose, but also the maximum dose, may be
important, these details on the amount of product receiving the minimum
dose and the maximum dose are relevant for the good control of the process.

ACKNOWLEDGEMENT

We have a debt to Prof. W.L. McLaughlin for supplying the materials and
supporting this investigation.

REFERENCES
(1) H. Eisen, M. Rosensten, J. Silverman;.Radiat. Res., 52, 429, (1972).
(2) J.G. Kelly, T.F. Luera, L.D. Posey, D.M. Vehard; IEEE Trans. Nucl. Sci.,
30,4388, (1983).

(3) W.L. McLaughlin; High-Dose Measurements

In Industrial Radiation

Processing, Technical Reports series No. 205, IAEA, Vienna, 17, (1981).
(4) W.L. McLaughlin, A. Miller, K. Pejtersen, W.Batsberg Pedersen; Radiat.
Phys. Chem.,11,39, (1978).
(5) W.L. McLaughlin, J.C. Humphreys, M. Farahani and A. Miller; High-Dose
Dosimetry, Proceedings of Symposium, Vienna 1984, IAEA Publication
STI/PUB/671,p. 109,(1985).
(6) R.D.H. Chu, G. Van Dyk, D.F. Lewis, K.P.J. O Hara, B.W. Buckland, and
F. Dinelle; Radiat. Phys. Chem.; 35,767, (1990.
(7) M.C. Saylor, T.T. Tamargo, W.L. McLaughlin, H.M. Khan, D.F. Lewis and
R.D. Schenfele; Radiat. Phys. Chem., 31, 529, (1988).
(8) F. Abdel-Rehim, F.A.S. Soliman and A.A. Abdel-Fattah; The Arabian J.
Sci. Eng.;19,2A, 143, (1994).
(9) K. Sehested; Manual on Radiation Dosimetry (Holm N.W. and Berry R.J.,
eds), Marcel-Dekker, New York, p. 313, (1970).
(10)W.L McLaughlin, A.W. Boyd, K.H. Chadwick, J.C. McDonald and A.
Miller; Dosimetry
p.162,(1989).

for Radiation Processing. Taylor&Francis, London.

II
EG9601740
E F F E C T OF UV ON THE P O S T I R R A D I A T E D
CRYSTAL BY X AND y

LiCsSO4

RADIATIONS

M . E . KASSEM", M.A. EL-KOLALY" AND L . I . AL-HOUTY*"
*

On leave,

Aleaxderia

University,

Faculty of Science,

Physics

Department.
On leave, Radiation Protection Department, Nuclear Research Centre,
Atomic Energy Authority,
Cairo, Egypt.
*** University Of Qatar, Faculty of Science, Department pf Physics, P.O.
Box 2713, Doha, Qatar.
**

ABSTRACT

Thermoluminescence characteristics of LiCsO4 crystal have
been studied after exposure to different doses of x and yradiations. The glow curves showed TL response of three peaks
at 75, 125 and 250°C. The structure of the glow peaks due to
x-rays is quite different from that due to 7-rays. UV
exposure yields a regeneration of the TL peaks for the post
irradiated samples with x or y-radiation with some changes in
the peak structure especially the third peak. For the post xray irradiated crystals, the area under the third glow peak
(PK III) increased linearly with the integrated time of UV
exposure till about 30 min after which no changes were
observed; while, for the post y-irradiated crystals, two
linear regions were observed. The models of the TL response
for the post irradiated samples as a result of exposure to UV
are discussed.

INTRODUCTION
The interaction of radiant energy with substance is an
extremely important problem from the viewpoint of theory and
practice. The attenuation of radiant energy during the
passage through the material can be utilized for automatic
and continuous measurements of thickness and density of the
material. These materials experience both temporary and
permanent changes in their characteristics when subject to
radiation environment. Permanent effects of radiation on
materials are normally associated with a chemical changes in
the materials(1).
LiCsSo4 undergoes a structure phase transition at low
temperature from orthohombic point group mmm to low
temperature monoclinic 2/m. The crystal structure of both
phases have been determined by Kruglik et. al.(2). They found
that at room temperature a=9.456A°, b=5.546A° and c=8.820A°.
It was shown that the phase transition is due to S04
tetrahedra ordering*3'. Dielectric, thermal, elastic, peizo
optical and ferro-bielectric properties are reported by
different
authors(4).
Mroz
et
al.(5)
presented
a
phenomenological model of the phase transition. A theoretical
model based on a fourth order Landau type free energy
expansion was proposed by Tuszynki et al.(6> to explain the
properties of ferroelastic phase in LiCsSO4.
As a result of the effect of y-irradiation
sulphate compounds, the dielectric and thermal
show characteristic behaviour*7' . This behaviour
interchain-interaction which leads to a decrease
dipole density and in lowering the value of
temperature (Tc) .

on double
properties
is due to
in active
transition

The high temperature phase transition in Li2SO4-Cs2SO4 at
stoichiometric ratio 1:1 was found to be at 740°C from DTA
and electrical conductivity measurements'8'. It is important
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to study the environmental conditions existing before, during
and after the exposure of material to radiation. This study
plays an important role in improving the sensitivity of
material to be used in radiation measurements (9).
Some TL phosphor as Li2B4O7 and LiB4O7: Mn are affected by
UV and visible light specially in the range from 200-600 nm.
Thus sensitivity can be considered as one of the draw-backs
for convenient accurate use. Light induced fading has been
studied by Cristeen<10) and Henaish et al(11) . Photo transfer
thermoluminescence (PTTL) in natural fluorite also provides
a means for the measurements of a wide range of UV exposure,
depending on the residual thermoluminescence. Me Cullough
et al(12>., carried out detailed investigations on the
potential of PTTL in natural fluorite for the measurement of
terrestrial solar ultraviolet radiation in the sunburn range
(290 to 320 nm) . They used to give the dosimeter a large
gamma exposure and annealed at 400 °C. It was then exposed to
a predetermined short UV exposure, and the PTTL was measured
to find out the UV effect.
The aim of the present work is to prepare and characterize
TL materials with a wide range of applications in the field
of radiation measurements and to study the effect of UV
irradiation on the post irradiated X and y rays.

EXPERIMENTAL
1- Sample Preparation:
Lithium cesium sulphate samples were prepared with the
ratio 1:1 by weight from Li2SO4 and Cs2SO4. The mixture was
ground throughly together to ensure the homogenity, and then
was heated to 1200K in a platinium crucible for two hours.
The

melt

was

then

allowed

to

cool

gradually

to

room

temperature. The obtained matrix was ground in agate mortar
to 80-120 mesh.

2- Irradiation Facilitea:
Equal weights of 3 mg each of LiCsSO4 were irradiated
using either y or x-rays with different doses. The TL
response was then measured up to 300°C using Harshaw reader
type 2000A + B, followed with UV exposure for different
intervals of time. The source of y-irradiation with 60Co gamma
cell 220 from Atomic Energy of Canada Ltd., while an x-ray
machine type TEL X-OMETER was used as a source of xirradiation. The operating voltage of the tube was 30kV and
the current of the filament was 8mA. The dose rate at the
point of irradiation was 3.83 Rad/min due to subject action
of Cu(Ko) radiation. Accumulated dose ranging was done by
.successive exposure from 19 Rad up to 230 Rad. The y and xrays post irradiated samples were irradiated with ultra
violet light from a deuterium lamp. The beam diameter was
larger than the sample size, so it was fully illuminated.

RESULTS AND DISCUSSION
Double sulphate crystals give reasonable response for TL
characteristics, Figure (1) shows the TL intensity for x and
Y-irradiated LiCsSO4 samples. Curve
(1) represents TL
intensity directly after 7-dose irradiation of dose 1.08xl05
Rad, curve (2) illustrates TL intensity of x-irradiation with
dose 230 Rad. It is clear from this figure that curve (1)
consists of three peaks at 75, 125 and 250 °C. The first two
peaks are overlapping consistuting a complex one, while the
third peak is an isolated broad peak with low TL intensity.
The TL response of x-ray irradiated samples is composed of
three isolated peaks with different TL intensities. The
localisation of these peaks is slightly different from that
corresponding to 7-irradiation. This may be attributed to the
variation of radiation dose as well as the energy and type of
radiation. The contribution of radiation effects of x and yirradiation on metal - metal sulphate crystals generates ion
vacancies. In this study, the presence of vacancies in the
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(1) 10 min Co-Cell 1X)8xXJFtad

8 "

(2) 1 hr X-ray 230 Rad

0
0

100

200
Temperature (*C)

Fig. (1) : TL glow curves for LiCsO4 samples after radiation
exposure: (1) "Co gamma rays of dose = 1.08xl0s Rads.
(2) x-rays of dose « 230 Rads.

bulk of the specimens facilitates the migration of Li+ ions
towards dislocations mainly to reduce the strain energy of
the lattice(13).
To study the environmental conditions existing before,
during and after the exposure to x and y-irradiation is of
great importance for improving the TL sensitivity. Figure (2)
shows the thermoluminescence response after different time
exposure to UV light. Curve (1) represents TL response of
LiCsSO4 exposed to 1.08xl05 Rads from y-irradiation. While
curve (2) and (3) represent the TL response after UV exposure
of 2 mins and 4 mins of post y-irradiated samples,
respectively. It is observed from this figure that TL photo
transfer by UV increases by increasing the time of exposure
and the curve structure is changed as a result of gamma
radiation.
Figure (3) illustrates x-rays irradiated for 230 Rads
(curve 1) . Curves (2 and 3) represent the exposure of the
post irradiated samples (230 Rads) to UV for 5 and 10 mins,
respectively. It is clear from this figure that the position
of the third peak (PK III 250°C) is shifted to lower
temperatures, and its shape is changed. While PK I and II
are still in the same position but with low intensities. For
this reason it is possible to use PK III in the field of
dosimetric measurements. The behaviour of LiCsSO4 crystal to
ionizing radiation might be explosred as due to recombination
of electrons and holes via defect states in the band gap.
This could be illustrated by the situation in which
ionization has led to a population of thermalized electrons
in the bottom of the conduction band and holes at the top of
the valance band. Electrons filling into deeper states will
not be thermally re-excited for a long time and hence such an
electron is more likely to capture a free hole before thermal
re-excitation takes place.
The area under these curves is plotted against exposure
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Fig. (2): TL glow curves for LiCsO4 samples after radiation
exposure (1) "Co gamma rays of dose = 1.08xl0s Rads.
(2) LiCsO, irradiated to 2 min UV post irradiated
with 7 rays.
(3) LiCsO4 irradiated to 4 min UV post irradiated
with 7 rays.

(1) 1 hr X-ray
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Fig. (3) : TL glow curves for LiCsO4 samples after radiation
exposure: (1) x-rays of dose * 230 Rads.
(2) LiCsO« irradiated to 5 min UV post irradiated
with y rays.
(3) LiCsO4 irradiated to 10 min UV post irradiated
with y rays.
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10 min Co-Cell (X-ray)

0
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Time of irradiation UV (min )

30

Fig. (4) Area under the glow peak (PK III) for LiCsO4 samples
irradiated to different times of UV post irradiated 7-rays.
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Fig. (5) Area under the glow peak (PK III) for LiCsO4 samples
exposed to different times of UV post irradiated with x-rays.
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time of UV as shown in Fig. (4) for LiCsSO 4 samples post
irradiated with S0Co gamma rays at dose 1.08xl05 Rads. It is
clear from this figure that the area under these curves
increases linearly with increasing UV exposure time. It is
also observed that the figure consists of two segments. The
first part increases sharply up to a certain value then
starts to increase gradually.
Figure (5) shows the area under the glow peak (PK III)
with time of UV exposure for post irradiated LiCsSO 4 samples
with x-rays at dose 230 Rads. It is clear from the figure
that a linear relationship is obtained till a certain
exposure time, above which a saturation state is achieved.

CONCLUSION
LiCsO 4 samples are good candidates
for
radiation
measurements for both x and 7-rays. In environmental
conditions it is essential to avoid UV irradiation when using
this material for x or y-rays to dosimetric applications,
since UV irradiation gives rise a TL signal in LiCsO 4 samples
that can give a dose error for a reasonable value which can
interfere in the radiation measurements.
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ABSTRACT
The optical absorption method is a powerful tool for Studying the optically
induced transitions and for determining the energy gap in the crystalline and noncrystalline materials. The absorption spectra in the lower energy part sheds light on the
atomic vibrations, While

the higher energy parts of the spectrum manifest the

electronic states in the atoms. Effect of

y - irradiation on the optical properties of

plastic detector (Lexan film) has been studied. This investigations were carried out for
y- doses from 10 K Gy - 2 M Gy to determine the optical parameters: optical energy
gap E O p, absorption coefficient a, absorption index K, mobility energy gap Eg,
absorption band edge X e and the absorbance at wavelength 340 nm. The results
showed that both direct and indirect transitions are existed in Lexan detector, and
became highly sensitive to y - irradiation doses. The variations of optical energy gap
with y - irradiation doses can be explained as the change in the degree of disorder and
the phonon energy Ep, is dose dependent.

INTRODUCTION
The study of optical absorption and particularly absorption band edge is a
useful tool for providing information about band structure, and optical energy gap in
polymeric materials^).
Radiation damage can be measured by a number of different methods, e.g. solid state
nuclear track detector as y- ray dosimeterw, and generally radiation interaction with
plastic detectors causes reduction of the average molecular weight of the latter, which
in turn produces an enhancement in the bulk etch rate V B as y- dose increases^).
6U

Large doses of y irradiation caused by the presence of oxygen and U.V.
irradiation, were found to influence the response and sensitivty of detectors(4>5) but
the data available for all kinds of plastics and the effect of radiation on the physical
properties are not sufficient.
The aim of the present work is to study the influence of y- irradiation, on the
optical properties of Lexan detector at different y-doses up to 2 MGy.

EXPERIMENTAL PROCEDURE
Lexan is the trade name of Bisphenol- A polycarbonate formula
[General Electric Co. USA] of density 1.29 and thickness 500 |in. Samples were
irradiated to *°Co. source (Atomic Energy of Canada) for different durations and
varying integrated doses [0.01, 0.05. 0.1, 0.2. 0.5,1.0, 2.0 MGy]. The absorption
measurements for Lexan samples were made using Shimadzu 16° A spectrophotometer
of wave lengthes 200-600 nm.

RESULTS AND DISCUSSION
The optical absorptions spectra of Lexan films in the visible and U.V. range at
different y-doses are shown in Fig. 1. It is clear that the sharp absorption edge in the
curves of the virgin and 10 KGy indicates crystaline specimens, while the fact that
there is no sharp absorption edge in the curves of 50 KGy up to 2 MGy provides less
crystalline ones. Also, it is evident from Fig. 1 that the position of the fundamental
absorption edge shifts towards larger wavelengthes. This behaviour can be attributed
to the fact that degradation of sample starts at dose greater than 10 KGy. Figure 2
shows the variation of in a as a function of photon energy (hco)at different yradiation doses. A clear dependance of I n a on y- doses and the photon energy is
observed. The absorption edge was analysed using Davis and Mott formula (6)

a/ko

= B(/i®-E o )"

(1-b)

OQ and B are constants, AE is the band tail width of the localized state, E op is the
optical energy gap of the system and "n" is the index determine the nature of the
electronic transitions during the absorption process.
According to equation. (1-b), the direct and indirect transitions (Eop)d, (E op ) in
can be obtained by extrapolating the linear portions of the curves which represent
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and {aticoj1

(afico)

1

represents (aTia))

versus the photon energy (hco) at different y- doses. Fig. 3

versus (hco) curve. The values of (E o p ) i n and (E o p ) d were found

to decrease slowely as the y- dose increases (see Fig. 6) where a sharp decrease up to
5 KGy followed by gradual decrease up to 2 MGy is observed. Such behavior is due to
the crystaline structure of Lexan detector which lead to an increase in the degree of
disorder(7).

The optical energy gap E o p can be expressed asW.

where E g 0 is the unperturbed optical gap, hJT

and

/lV

c

are the self-energies due

v

to electron- electron and electron impurity scattering, respectively. They are being half
to one third in magnitude compared with AEg, and AE*M is the band gap shift given by
Burstein

Moss theory(9>10) which corresponds to different interband absorption

process. This indicates that a direct and indirect transition exist, and the absorption
coefficient (a) can be expressed as:

where A,C are constant, E ,E
transition respectively, where

cc2=A(/ico~Ed)

(3-a)

a1 s C y t o - E * 1 1 )

(3-b)

are mobility energy gap for direct and indirect
E =E

+E .

E p is the energy of the phonon

associated with transition (E = /to) ) .
P
P
Figure 4 shows the variation of the value (a)

as a function of photon engergy

(/}©) at different y- doses. From the intersection of the line with X- axis, E
d

be estimated. Also, E

in
g

should

o

can be estimated from ( a ) z curves.

The change of the absorption coefficient (a - OQ) due to irradiation as a
function of wavelength X (nm) at different y- doses.
is depicted in Fig 5. Here OLQ is the absorption coefficient of unirradiated sample. At
low

doses, an increase in intensity is recorded, and a radiation induced absorption

band is obtained. Small doses are suggested to induce such absorption band.
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As

y-dose is increased a consequent inhancement in the intensity of the

absorption is observed. However, there is no band absorption edge. One should point
out that the sensitivity to y-irradiation of Lexan detector at higher doses is appreciable.
[2,4], as it is in case of PVC doped with Pb and contrary for case of PVC doped with
Cd(H).

Figure 6 shows the variation of E , E , E

and the band tail width of

localized state AE. For intermediate doses up to 100 KGy, the phonon energy Ep is
rapidly decreased with increasing y-dose, this is due to phonon scattering. Above this
dose, the sample suffers a crosslinking at which the value of Ep decrease slowly.
Furthermore, Fig. 6 reveal that, both direct and indirect energy gaps E , E

decrease

as y-dose increases. There is no difference in magnitude compared with the values of
E op and E op respectively,
r
J
Also, it should be noted that E

is found to be smaller than the mobility
J
op
by the very small value of band tail width AE of the range of localized

energy gap E
©

states in the valance or conduction between the two values at any y-dose. The values
of

AE for different

y-doses were derived from the curves of Fig. 2 talcing into

consideration eqn. (1-a). From the coresponding curve, the band tail width

AE

increases as y-dose increase up to 200 KGy followed by a small change.
Figure 7 shows the fundamental absorption edge Xg (nm) for Lexan detector at
different y-doses. The values of Xg increase up to 500 KGy, and degradation takes
place and starts to be nearly flat out at higher doses where crosslinking becomes
effectiveO^). The variation of absorbance at certain wavelength 340 nm for different
y- doses, is also shown in Fig. 7. It is clear that, at low doses up to 20 KGy the
crystaline structure is nearly stable against radiation. Above this dose until 2MGy,
there is abrupt increase in the absorbance indicating radiation induced highly damaged
system.
DurranK5) reports that, by irradiation of Lexan detector, degradation becomes
effective due to the combination of oxygen atoms in detector with radiation induced
ions and radicals, and this in turn, prevents their recombination (i.e crosslinking). Our
results showed that this recombined action is more effective at high y- doses.

TO

400

0

5
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Dose , KGy
Fig( 7 ) Fundamental absorption edge Xg (nm), variation of absorbance
of wavelength 340 vs y-doses.
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CONCLUSION
1- Both mechanisms of direct and indirect transition exist in Lexan detector.
2- Lexan detector became a highly sensitive to y-irradiation doses due to crosslinking
with increasing absorbance at certain wavelength 340 nm.
3- The variation of E o p direct and indirect indicate that the degree of disorder
increases due to y-irradiation effect, also, the phonon energy Ep is sensitive to y
doses.
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Abstract
The design principle of a small angle neutron scattering (SANS)
spectrometer is based on producing monochromatic neutron bursts using
two phased rotors. The rotors have a number of slots to achieve the highly
available intensity of monoenergetic neutrons at the required resolution.
The design principle was applied to improve the performance of the pulsed
monochromatic double rotor system at ET-RR-1 to operate as SANS
spectrometer. It is shown that for rotors having 19 slots each with radius
of curvature 96.8 cm, the intensity gain factor is 13.
The

proposed SANS spectrometer could cover the neutron
o

o

wavelength range from 2 A up to 6 A through small angles of scattering
from 5xlO"3 rad. to 0.1 rad. i.e, the scattering wavevector transfer between
o -l

o -l

0.6 A and 0.01 A . The maximum neutron flux density on the specimen
is 5xl0 5 ncm" 2 s'1.
1- Introduction
Small angle neutron scattering (SANS) has now become an
important technique in the study of metallurgical, polymeric, and biological
o

materials. Structural features in the spatial range of (10-100) A may be
observed by the analysis of the scattering of neutrons in the momentum
transfer range (0.005 A"' <Q<1 A~. [1]
The conventional method on a continuous reactor source (such as
the instrument D l l A,) the neutron small angle camera at the high flux
reactor in Grenoble [2] requires the analysis of the angular distribution of
monoenergetic neutrons scattered by small angles. The mono chromatization is performed by a mechanical selector. It consists of a
rotating drum with helically curved slits at its surface, yielding the required
wavelength resolution of about 10%. The intensity of neutrons scattered
from the sample is measured as a function of scattering angle for small
angles,9 using a multi-dimensional detector (or position sensitive detector).
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The pulse source instrument (Such as the Time-of- Flight, TOF)
spectrometer on the pulsed reactor IBR-30 at Dubna [3], analyzes the time
distribution of bursts of polyenergetic neutron, scattered into small angles.
The flux spectral range from a pulsed source is emitted within a short time
At, and the intensity of radiation scattered from the sample is measured
as a function of wavelength at a low scattering angle by a detector
subtending a small solid angle at the specimen.
However the construction of SANS spectrometers are rather
expensive. Moreover their operation requires the use of high neutron flux
reactors which are not usually available in developing countries. Therefore
the present work deals with a design of SANS spectrometer to operate at
low neutron flux reactors and whose parameters are very close to those
operating at high flux ones.
2"-Thg^gAig^.Zr'ncjpt^LPX-Pulsed Neutron Monochrpmator
As previously reported by several authors [4,5] pulses of neutrons
can be obtained from a thermal neutron beam by placing a slotted rotor in
it. Such pulses however will contain neutrons of different velocities which
are present in the initial neutron beam. By making the slots in the rotor
curved, one can optimize the transmission of neutrons at a certain velocity
determined by the curvature of the slot and the speed of rotation.
Zsigmond et al. [5] and Marseguerra et al. [6]. reported the following
expression for maximum neutron velocity transmitted through slot of 2h
width and with radius of curvature R
4

^

(1)

where : 2r - the diameter of the rotor
co - the angular velocity
while the minimum neutron velocity in the burst is* given by :
(2)
Equations (1) and (2) show that the spread in the velocities of the
transmitted neutrons through such rotor is large. Egelstaffat al. [7] have
obtained very nearly monokinetic pulses by using a second curved slot
rotor placed at suitable distance from the first one rotating at the same
speed. Fig. (1) shows the schematic diagram of the double rotor system.
By adjusting the difference in phase between the two rotors to correspond
to the TOF of neutrons with the desired velocity, it is possible to select
these neutrons and reject all others except for those with velocities in a
narrow range close to the selected one.

Detector
Neutron beam

Fig(I): A schematic diagram of the double rotor system.

In order to avoid the overlap of the transmitted
neutron
monochromatic bursts by applying equations 1&2, the maximum distance
between the centers of the two rotors L, should satisfy the following
relation
T <

where n is the number of bursts per revolution. While the minimum
distance between the rotors obviously should be longer than 2r. Therefore
the maximum monochromatic flight path, can not exceed the value of
v r , w hile the maximum analyzing flight path LA, in case of slow
inn
neutron inelastic scattering experiments, is much shorter than L, this is due
to the energy transfer processes between the incident monochromatic
neutron and the assembly of the target atoms. Therefore to provide the
measurements of phonon excitation spectrum at the required resolution the
repetition rate of the neutron bursts per revolution is usually low.
However in case of SANS experiments the interaction of neutrons
with target atoms occur mainly elastic or quasielastic, i.e, at low Q transfer
scattering vector. Thus the energy spread of the incident monochromatic
neutrons after interaction remains the same, consequently the analyzing
flight path LA can be selected equal to or longer than the monochromatic
one. Since the overlap problems are not exist.
Therefore the aim of the present work is the design of a SANS
spectrometer with two phased rotors having the optimum number of slots,
to achieve the highly available intensity of neutron monochromatic beam
at the required resolution.
)rinc^
It is obviously that, to produce (n) equal a distributed number of
neutron bursts per revolution, the number of slots is also (n). From the
dynamics point of view the (n) slots must be symmetrically distributed on
the rotor body. For n similar slots (width 2h and height H) the radius of
curvature p(n) is given by
p(n) = — ^
2 sin
2n
where r is the rotor radius. From eq. (3) and eq (4) one can deduce, that
the number (n) could be selected according to the following relation :
4h
76

Fig. (2) presents a schematic diagram of the rotor with odd slot
number (a) and even slot number (b).From the background point of view,
the number of slots should be odd (See A.A section Fig. (2b)). Thus the
neutron wavelength X(n) at maximum transmission is given as follows
referecne [8] :

In ti
where f is the number of rotation per min (rpm). while the neutron intensity
transmitted through the double rotor system whose center are L apart and
which hits the target sample is given by [8]
l2

/i

where; A is the cross-section area of the slot, <j)ois the incident neutron flux
A 0

and —- is the neutron wavelength resolution given by [8].
A

o.74
A

!
Lsin —
In

The wavelength X(n) was calculated as a function of the rotation
rate fat different slot numbers. The results of calculation for rotors having
2r=32 cm and 2h= 0.7 cm is displayed in Fig.(3). Taking into
consideration the strength function of the rotor material available (nickel
alloy 120 kg/mm2) the rotors were found to sustain the dynamic forces up
to 20000 rpm.
o

Therefore, in order to transmit neutrons with wavelength A,=2Athe
rotor should have at least 9 slots, as shown from Fig (3).
A 1

The wavelength resolution —r- as a function of the distance between
A,

rotors L at different slot numbers (n) was also calculated and presented in
Fig. (4). So, in order to have — varies from 5% to 10%, (acceptable for
SANS measurements) the number of slots (n) should be ranging from 11
to 27.
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Solid section , SL

CcO
Fig(2) : A schematic diagram of the rotor with odd slot number (a) and
even slot number (b)
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150

Fig(5) displays the calculated neutron intensity transmitted through
the double rotor system at different L and at various slot number (n),
assuming that the incident neutron flux density is unity. It is obviously that
at required L the transmitted neutron intensity is maximum for rotors
having the highest slot number.
The basic design principle described above, was applied to improve
the performance of the double rotor system at ET-RR-1 reactor when it is
operating as a SANS spectrometer.
4- Improvement of the double rotor system at ET-RR-1
The pulsed neutron monochromatic beam, at the ET-RR-1 reactor
(2MW research reactor, the maximum neutron flux in the reactor core is
13

-2 -1

2x10 n. cm" s" ) is produced by two 32 cm diameter rotor suspended
in magnetic fields, rotating at speed up to 16000 rpm. Each rotor has two
diametrically opposite curved slots, which are of constant cross-sectional
area of 7x10 mm2, and radius of curvature of 65.65 cm[9]. The wavelength
resolution and transmitted neutron intensity through the double rotor
system were calculated at different L, using equations (6, 7). For
comparison the result of calculation were displayed as dashed lines in
Figs.(4). and (5). respectively. From Fig.(4) one can notice that the
wavelength resolution of the double rotor system with rotors having 13
slots is almost equal to that one at ET-RR-1. While the transmitted neutron
intensity Fig(5) at the required resolution (i.e at the same L) is higher by a
factor of 6.5 than that in operation at ET-RR-1.
As mentioned above the SANS experiments are usually carried out
at wavelength resolution ranging between 5% to 10%. Therefore to fulfil
such requirement, rotors having a higher than 13 slots are preferable.
However the existence of the solid section 8L between the
neighboring slots, (see Fig.(2a)), is limitate the selected slot number.
From the geometry of the rotor design 51 can be expressed as

5L - 2p(n) - 2h - V2 p(n) Jl-cos £iH±l)
V-

for

n odd,

n

the calculated solid section 5L is display in Fig(6). One can notice that the
solid section 5L is vanished for rotor having 19 slots. Therefore the
intensity gain factor 13 when using rotor having 19 slots (see Fig.5).
Consequently the neutron intensity at the sample will be 5x105 n.s"1 for <t>o
of ET-RR-1 reactor equals to 1X1013 n.cm"2 .s"1. The schematic diagram of
rotor having 19 slots is given in Fig.(7).
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5- Spectrometer Background
The background level is very essential (o carry out the SANS
measurements with reasonable accuracy. The background level is mainly
determined by the rotor material thickness facing the neutron beam.
In case of using double rotor system with rotors having multislot,
the material thickness depends upon both the rotation angle <|), and the
distance L between the rotors. The system of equations describing the
upper and lower walls of each slot can be given as.
(x-Xj)2 + (y - Yi ) 2 = (p(n) + | ) 2

upper wall

(x - Xi ) 2 + (y - y i ) 2 = (p(n) - ^ ) 2

lower wall

Xj = - p(n) sin — (i - 1)
*>»n
yi = -p(n)cos — (i- 1)
f o r i ^ 1,2, n
n
where the centre of coordinates coincides with the center of the rotor
whose contour can be expressed by
x^y^r2
(9)
while the incident beam is given by an equation of straight line as
y=x tan co
(10)
where co is the angle which the rotor makes with respect to the neutron
beam direction.
The rotor material thickness t( I//) facing the neutron beam at any
angle co can be deduced from the intersection of the beam equation (10)
with the system of equations (8) and (9). t( ^calculated for n = 19 as
displayed in Fig(8).
Also, the total material thickness resulting from both rotors, when
the optimum relative

phase

between them is § = — — is calculated.

The results of calculation were displayed in Fig.(8). From Fig.(8) one can
observe that the minimum total material thickness facing beam is equal to
29 cm. Taking into consideration the y-ray absorption coefficient of nickel
alloy and its high neutron scattering cross-section, the 29 cm thickness is
sufficient for removing the y-ray as well as the fast neutron background
accompanying the reactor thermal beam[10].
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ABSTRACT
The total neutron cross-section measurements have been carried out
for iron in both metallic and powder forms in the wavelengths band 0.35
nm to 0.52 nm. The measurements were performed using the TOF
spectrometer installed in front of one of the horizontal channels of the
ET-RR-1 reactor.
The observed behavior for the small-angle neutron scattering
cross-section of iron p o w d e r w a s analyzed in terms of its particle
diameter, incident neutron wavelength and beam divergence. It w a s
found that for iron particles of diameter 25 jjim the small-angle neutron
scattering is only due to refraction of neutron w a v e traversing the
particles. A method was established to determine the particle size of iron
p o w d e r s within an accuracy of 8% which is higher than that obtained by
mesh analysis.
1- Faculty of Engineering, Ain Shams University.
2- Faculty of Education, Ain Shams University.
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INTRODUCTION
Manufacture of metal powders and their processing into useful
objects is covered by the field of powder metallurgy (P/M). Progress in
powder making has been illustrated initially with reference to one of the
rnost widely used powders in P/M, the iron powders. The range of
powder grades available today include super compressibility powder for
high density parts e.g. forged gears and connecting rods fur passenger

Mesh analysis is the usually used method for separation and
determination of particle size. However the accuracy of such method is
not so high (~20%).
The present work deals with the determination of particle size of
iron powders using small angle neutron scattering (SANS) technique. The
experimental aspects of neutron SAS has been given in details by several
authors^2"4). Several neutron SAS instruments, for wide and narrow
ranges of application have been described elsewhere^ 5 ' 6 ). These
instruments operate at high flux reactors equipped with cold neutron
sources and use long neutron guide tubes^5'6).
However, under some conditions, the measurements of the
broadening of the incident neutron beam after its traversing a powdered
sample, due to SANS effect, can provide valuable information about its
particle size.
The advantage of such measurements is that they can be carried out
at low flux reactor which is not equipped with neither cold sources nor
guide tube.
Therefore a SANS cross-section method was established in the
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present work for iron particle size determination. The measurements
were carried out using the SANS spectrometer which is in operation at
the ET-RR-1 reactor.

PRINCIPLE OF SANS CROSS-SECTION METHOD
In case of powdered samples, the pattern of scattered long
wavelength neutrons will depend on the size and shape of powder
grains. For particle dimensions which are large compared with
interatomic distances, the information will mainly be contained in the
low-angle portion of the diffraction pattern.
It was shown that the process of SANS is a combination of
diffraction and refraction. The predominant process depends on the
differential phase change (f>. When <p » 1, refraction is predominant, and
when (j) << 1, only diffraction is important^7).
The broadening of the neutron beam p transmitted through a
powdered sample whose particle radius Rp is given by'7):
N bX 2
const.

p =(n 2 -nV /2 =

N[l/2

- refraction case

2n
(1)

3.4
X /Rp

. diffraction case

2n

Here Q o and Q are the angular widths of the neutron beam before
and after traversing the particles, Nj. is the total number of particles
traversed. N is the number of nuclei cm"3 , b is the average value of
their bound coherent scattering amplitude, and X is the neutron
wavelength.
The geometry of SANS facility for cross-section measurement is
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g i v e n in Fig. (1). The fixed collimators before and after the facility
p r o v i d e a neutron beam with

angular d i v e r g e n c e Q Q . Thus the

cross-sectional area of the neutron beam at distance L is :
51 - <0 0 M 2

(2)

Let the detecting area S D be fixed and equal to S j . Thus, for
measuring without sample, the detector area accepts all neutrons of the
beam with divergence Q o . Since the transmitted neutron beam through a
p o w d e r e d sample is broaden, thus its divergence increases to Q and its
cross-sectional area S2 at a distance L is:
5 2 = (fi L ) 2

(3)

Since S2 > S j , thus a fraction of neutrons will not be registered by
the detector, and the observed counting rate I, can be deduced as :
I = Io

Sj / S2

(4)

Where, I Q is the neutron counting rate without sample.
Taking into consideration, that the space distribution shape of the
neutron beam at the detector position is triangular, equation (4) becomes:
I = Io [(1+2a) /(1 + a ) 2 ] 2
where, a = (3 /

(5)

Qo

Introducing the attenuation factor e - N ^ z

/

to the neutron beam

transmitted through a sample of thickness z and total cross-section ° t /
equation (5) becomes :
I = I o [(1+ 2a) / ( l + a ) 2 ] 2 e

Na

tz

At a = 0 (P = 0),
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(6)

(7)

I = Io e

where I and I o are the measured counting rates and ° t can be
deduced as :
°t = 1 /NZ

In

(I o / I )

(8)

In similar way, when a > o , due to the occurrence of broadening,
equation (6) can be given as :
1/NZ In (I o /I)= °t+ 1/NZ In 1(1 + a)2 /(I + 2 a ) ] 2

(9)

therefore, equation (9) can be expressed as :
°measured = °t + °SANS

(10)

where cr measured is an expression for the total neutron cross-section,
deduced from the counting rate I which collected by the detector in case
of powdered sample, and

o { can be taken from the measurement of a

metallic sample or from IAEA Nuclear Data Library (ENDF/B-6), while
a

SANS * s m

e cr

°ss-section of neutrons due to the beam broadening where,

°SANS = 1 / N Z l n [ ( l + a ) 2 / ( l + 2 a ) ] 2

(11)

It is easy to show that, at a > 0.8, crSANS is proportional to a .
Thus, using equation (1) c*SANS can be expressed as:
bX 2

1/2

- refraction case

(12 a)

X /Rp

. diffraction case

(12 b)

2JXZ

°SANS

a

3.4
2nNZ
For spherical particles of mass m, density p , packed in a container
of cross-sectional area A and thickness Z, the total number of particles
traversed N t is given as :

N=3m/4R p A = 3Z/4R
t
p
p
and equation (12 a) becomes :

(13)

°SANS = C . b X2 /J ZRp

( 14 )

where C is constant.
The accuracy of the method can be easily determined from equation
(14). Equation (14) shows that o*SANS for refraction case is proportional to
\2. Thus, it can be presented by a straight line whose slope B is given as:
B = C T>
The slope of the straight line B and its accuracy AB were obtained
using LSM. Therefore, the accuracy of particle size using this method,
can be given as :
AR p /R p = 2 A B / B

(16)

i.e., the accuracy of SANS method depends mainly on the statistical
accuracy of C*SA]SJS data.

Iron Samples
The iron samples were prepared from spec pure Fe metallic sheets
and powders. Two different powders were used for sample preparation.
One of them was brought from Germany (Fe-1), and the other from
Russian Federation (Fe-2).
The powdered samples were packed in aluminum containers whose
cross sectional area was 1.5 x 2.3 cm^. Such area was sufficient to cover
the incident neutron beam. The containers had thicknesses Z of 3 mm and
4.85 mm, each was covered with thin aluminum sheets. Table (1) presents
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the main parameters of the samples used.
The particle size of the powders was determined using the mesh
technique. It was found that both powders are 'from homogeneous
particles whose sizes are constant within the value of (25 ± 5) pcnx. For
such particles, the differential phase change (J> > 7, at X > 4A . Thus, in our
case, the refraction process is predominant.

Table (1): The main parameters of the samples used
No.

Sample

Z (mm)

p (gm/cm 3 )

N / cm 3

1

8.41 E + 22

3.2

3.45 E + 22

3.2

3.45 E + 22

4

Fe-2

2.00 £ 0.05
3.00+0.05
4.85 ±0.05
4.85 + 0.05

7.8

3

Fe Metal
Fe-1
Fe-1

4.0

4.31 E + 22

2

A Description of SANS Spectrometer
The spectrometer consists of a curved slot rotor and rotating
collimator suspended in magnetic fields. Each of them is mounted on its
mobile platform and whose centers are 66 cm apart, rotating
synchronously at speeds up to 16.000 rpm. A He-3 neutron detector was
mounted at the end of the flight path. A PCA operating in its MCS mode
was used during the measurements. The schematic diagram of the SANS
facility is shown in Fig. 1. To increase the sensitivity of the SNAS
method, the measurements were carried out at beam divergence — 17'
(where the sample holder was fixed at position F) and the area of the
detector window was selected to be equal to Sj. The spectrometer is
described in details elsewhere^8).

9**

—. Biologicai shield

S *• o •*

ReSCtOlf

Primory coUimotor

L« 66cm

Fig.(l): The general arrangement of the TOF-SANS spectrometer.

L«300cm

RESULTS AND DISCUSSION
The neutron cross-sections in the wavelength range from 3.5 to 5.2 A
were measured for iron in both bulk and powder form.
Fig. (2) displays the measured dependence of Fe metal total
cross-section on neutron wavelength. Some values of a t for iron, reported
in BNL-325 ' ^ ' are also presented (open circles). One can notice the
agreement of the measured values of a t

and the reported ones. Such

agreement confirms that the SANS cross-section CJ S A N S from metallic
samples within the experimental accuracy is vanished.
The measured cross-sections of the two Fe-1 samples (3.0 and 4.85
mm thickness) versus neutron wavelength, were displayed in fig. (3) as
open and closed circles respectively.
The SANS cross-section o SANS for each sample was deduced after
subtracting the total cross-section o t of the metallic iron sample. To avoid
crystal structure effects, the measurements were analyzed in the neutron
wavelength band from 4.1 to 5.0 A.
Fig. (4) shows the dependence of the deduced o SANS for Fe-1 powder
of 3.0 and 4.85 mm thicknesses, versus X (open and closed circles,
respectively).
Using LSM, the experimental data were fitted to straight lines whose
slopes Bj, B2 were found to be 3.75 +, 0.08 and 3.15 +, 0.08 respectively. The
ratio Bj/B2 was found to be 1.19 +_ 0.08, while according to equation (14)
for the same particle size, B!/B 2 =4 Z 2 / Z ! =1.27 + 0.03.
One can see, that both ratios are in agreement within the accuracy of
measurements. Such result confirms the validity of equation (14).
Moreover, the used samples satisfy the condition of refraction behavior
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26

of SANS, given in equation (12 a).
In order to check the application of the method, the particle size of
Fe-2 powder was determined. For such purpose, the SANS cross-section
of Fe-2 powder was also measured. For comparison, the measured total
neutron cross-sections as a function of X, were also displayed in Fig. (3)
as squares.
The deduced aSANS values, for Fe-2 powder, are displayed versus X2
in Fig. (4) as squares, the experimental points were also fitted using the
LSM to a straight line whose slope B3 was found to be 2.90'+_ 0.8. Thus the
ratio B2/B3 is 1.09 ± 0.08, while from equation (15) such ratio for the same
sample thickness can be given as
The value Rp-j using the mesh analysis, was 25 |Am. Consequently,
Rp 2 was calculated and found to be (29.5 ±_ 2.0) \xm. This value is in
agreement with the value of (25 ± 5) nm, obtained for Fe-2 powder using
mesh analysis.

CONCLUSION
As a result, one can conclude that SANS method has more
advantages over the mesh one, since it can be applied for :
- Determination of void and precipitations size in metals.
- Testing the quality of pressed powders as a non destructive method.
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ABSTRACT
A pulsed polyenergetic thermal neutron beam at ET-RR-1 is
produced by a phased double rotor facility. One of the rotors has two
diametrically opposite curved slots, while the second is designed to
operate as a rotating collimator. The dimensions of the phased rotating
collimator are selected to match the curved slot rotor.
The calculated collimator transmission values at different operating
conditions are found to be in good agreement with the experimental
ones. The optimum operating conditions of double-rotor facility are
deduced.
The calculations were carried out using a computer program RCOL.
The RCOL was designed in FORTRAN-77 to operate on PCs.
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INTRODUCTION
Neutron time of flight (TOF) spectrometer have been developed as
an important tool for the investigations of solid state physics, chemistry
and biology^' 2 ). The experimental work on the development of pulsed
neutron polyenergetic spectrometers was carried out at various pulsed
and steady state reactors^3'4). In order to increase the thermal neutron
intensity in TOF spectrometers at steady state reactors, curved slot rotors
are used(^). The curved slot rotor should have at least two slots in
opposite positions in order to achieve a high degree of symmetry. The
reactor neutron spectrum transmitted through such curved slot rotor was
disturbed by a non-constant background level and some peaks. Such
peaks were attributed

to the gamma rays and

fast

neutrons

accompanying the thermal neutron beam'**'. In order to achieve a low and
constant background, M. Wahba^7) reported the design principles of a
phased rotating collimator for a pulsed neutron spectrometer.
Recently M. Adib et al.(°) following

Wahba's

calculations

constructed and installed a phased rotating collimator at ET-RR-1
reactor. They found that the neutron transmission through such
collimator is less than 100%. Such behavior was mainly due to the fact
that the selected collimator slot width was less than that given by
Wahba. Moreover their collimator operating condition was far from the
optimum one.
The present work deals with the theoretical study of the collimator
neutron transmission as a function of its dimensions (collimator radius,
slot width) as well as its operating condition (distance between the rotors
centers, rotating phase) and its stability (jitter phase).
Using this theoretical treatment, the optimum operating condition of
a phased double rotor is determined.
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NEUTRON TRANSMISSION THROUGH
ROTATING COLLIMATOR
Let a well collimated neutron beam (width 2h, height H) be incident
on a rotor (diameter 2r) having two curved slots with radius of curvature
R and width 2h. For simplicity, let the rotating collimator (diameter also
2r) have only one slot of width 2h at the center, and be fixed at a distance
L from the center of the rotor (Fig. 1).
to Wahba' 7 ), for 100% transmission of the pulsed

According

polyenergetic neutrons, the total angular window of the opening is given
by:
4Lh

r
4Rh
r
4Rh
. + sin1!
(1
- ) ] + sin 1 [
(1 +
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2R
r2

=
r

2

)]

(1)

Equation (1) holds when the relative phase between the curved slot
rotor and the rotating collimator is :
L
*o =

(2)
2R

To remove the fast neutrons and gamma

rays

(background
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E

shows that, the magnetic suspension of the rotor has the
advantage that it can spin around its free axis of inertia. Moreover, he
reported that the rotation stability of a disk shape rotor at any rotation
rate requires that its main moment of inertia around the rotation axis
(z-axis) satisfies the inequalities :
Iz > Ix

&

I2 > Iy

(4)

In case of manufacturing a rotating collimator having one slot with
total opening window A<j>t given by equation (1), the material removed
from its body represents a circular sector shape. Consequently the
asymmetry of the removed material would give rise to rotational
instability since relation (4) could not be satisfied.
In order to achieve the rotation stability of such rotating collimator
a balancing wing is fixed on the collimator body, whose shape and
dimensions must be selected to sustain the dynamic forces up to 16000
rpm, and to satisfy the inequality (4). It is obvious that the weight of
such wing depends on the total angular window. At some critical weight
such collimator will loose its rotation stability in magnetic suspension.
Therefore, a 100% transmission requires that the total opening window
A<>
| & A<J>t / while the rotation stability in the magnetic suspension requires
A<>
| to be ss A<f>t- Thus, the opening window A4> satisfying these two
conditions is at L m j n , while the choice of the distance L between the two
rotors must take into consideration the required neutron beam
divergence at the sample as well as the whole angular window of the
used reactor channel. This distance L may be greater than L m j n .
Therefore, the selected total opening window can be less than the ideal
one. Consequently, the collimator transmission is not 100% and moreover
depends upon its operating condition.
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TOTAL TRANSMISSION OF A DOUBLE ROTOR SYSTEM
The total transmission through the double rotor system can be
expressed as
(5)

T (X /Xo) = Tr (X /X o ) . Tc ( X / V (1- a Xcut / Xo))
where,

X is the wavelength of the incident neutron and Xo is wavelength of
the neutron for maximum transmission function T r of the rotor and XCUf is
the neutron wavelength for zero transmission. T c is the collimator
transmission, where a is a parameter whose value depends upon the
rotation phase <>
j . between the rotors.
Following Marseguerra( 5 ) the transmission function T r of the rotor
with diameter 2r having a circular slot with radius of curvature R and
width 2h is :
8

^cut

1_

1-

0- X
3

16
1/2

1-

(X o

- 8 (X o

/Xcut)

(6)
1
cut

- X /Xn)2,if

X cut
—

Xcut
s 1 -

X
1

x0
where, X.cut /Xo ™ 4 R h / r 2 ~ C
When A(J> < A(J>t, the transmission through the collimator T c is 100%
within the wavelength band from a! X.cut /Xo to a 2 X cu t fXo where a i and
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ci2can be evaluated from the equations :
tph

r

1

- At /2 = t o (1- ctjC)- sin (

(1- a , C ) ]
2R
(7)

tpn

1

+ At ,/2 = t o (l + a 2 C)+ sin- I

(l+a2C)]
2R

a n d outside this wavelength band the collimator transmission T c is
calculated using equation (6).
S u b t r a c t i n g the t w o e q u a t i o n s (7) the o p e n i n g w i n d o w can b e
written as :
r
At = to ( a i

+a

r

2) C + sin 1 [

(1 - a, C) J + sin 1 [
2R

(1 + a 2 C ) ]

(g)

2R

w h e n a j ^ a 2 = a , &<p is given b y :
r
r
At = 2 to a C + sin 1 [
(1 - a C) ] + sin 1 [
(1 + a C) ]
2R
2R
For a s= 1, Aty ~ A<J>t , (the ideal case given b y equation (1)).
The integrated collimator transmission can be given as :

1

+oo

Tool =

X
T

/

c (

(1 - a Xc u t / X o ) ) d X

while the average collimator

transmission

(9)

over

the

rotor

transmission can be expressed as :
+oo
/
_

X
Tc (

X
(1- aX^t /X^,)) . Tr (

-oo

XQ

)dX
XO

icol

(10)
+oo
/

X
Tr(

-oo

)dX
Xo
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PARAMETERS OF ROTATING COLLIMATOR
The main parameters of the rotating collimator were selected to
match the curved slot rotor of the TOF spectrometer in operation at
ET-RR-1 reactor. The curved slot rotor, 32 cm in diameter, is suspended
in a magnetic field, spinning at a maximum speed of 16000 rpm. It has
two curved slots of 1 cm height and 0.7 cm width. The slot has a radius
of curvature of 65.65 cm. Therefore, the collimator diameter was selected
to be also 32 cm and slot width at the center is 0.7 cm. Consequently the
^min

anc

* L m a x between the centers of the rotating collimator and the

rotor are 41.04 cm and 275.64 cm respectively.
Using equation (8) the collimator total opening window was
calculated for ai - &2~a

case, as a function of a ut different distances L.

The result of calculation is displayed in Fig. 2.
To illustrate

the effect

of a on

the

integrated

collimator

transmission, T co j was calculated using equation (9) and also displayed
in Fig. 2. In Fig. 2, it is shown that the ideal total opening window at
Lmjn

is 26.8% while from the requirement of beam divergence the

distance L should be 66 cm. At such distance the ideal opening window
is 34.69°. However, to achieve the rotation stability, the total opening
window is selected to be 29°. Thus at A(J) = 29" and L = 66 cm, a is 0.72.
Consequently T c o i is 96.29%. Such decrease in integrated collimator
transmission is acceptable, while the background condition for Aty - 29°
can be satisfied at L ^ 47.8 cm.
Therefore, the present case is the one when the total opening
window is less than the ideal one. A computer code RCOL was developed
in order to obtain the desired calculations.
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NEUTRON SPECTRUM MEASUREMENTS
The observed neutron spectra transmitted through the double rotor
facility given in Fig. 1. were measured at different distances L, while the
rotors were running at 7272 rpm. The rotation phase between the rotors
were 15°, 28% 41° for distances 41, 66 and 100 cm respectively. A PC A
operating in its MCS mode, attached to a He-3 proportional neutron
detector, was used during the measurements. The dwell time was 20
usec. The selected channel group was 256 channels. The observed neutron
spectra at the three distances as a function of X /Xo are displayed in Fig. 3
as closed circles. The observed neutron spectrum transmitted through
only the curved slot rotor was also measured under the same operating
conditions (Fig. 3.a). In this case, the rotating collimator was suspended
in a magnetic field in stationary condition with its window axis parallel
to the neutron beam direction.
In the geometry given in Fig. (1) a beam of cross-sectional area
F=2hH is incident on the rotor. A detector accepting neutrons in a solid
angle AQ will deliver z counts according to the following expression :
X
Z (X I Xo) = Io FTr (X / Xo) . Tc (

(1 - a Xcut / Xo))

( n )

where I o is the number of the incident neutrons per unit area and Ed
(usually wavelength dependent) is the detector efficiency. If I r is the
neutron counts measured under the same condition when the rotating
collimator is in stationary condition, thus Z (X /Xo) can be given as :
X
Z (W Xo) = Ir ( W *o) • Tc (

0 - « ^cut / *o))

(12)

where, I r (X/X o ) = I o F T r (X/X o ) AQ ed
Using RCOL, the collimator transmissions T c were calculated as a
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function of \ /Xo under the above mentioned conditions. The number of
counts Z (X/X o ) were then deduced by multiplying the experimental
values of I r (X/X o ) given in Fig. 3.a by the calculated collimator
transmission. The values of Z are displayed in Fig. 3 as solid lines. The
agreement between the calculated and observed neutron spectra confirms
the validity of the computer program.
In order to determine the optimum rotation phase the observed
transmitted neutron spectra through the double rotor facility for L = 66
cm and at different rotation phases were measured under the same
operating conditions given before and displayed in Fig. 4. The average
collimator transmission T co i as a function of rotation phase was deduced
by integrating the neutron transmitted spectra over the wavelength band
expressed as X/X o from 0.641 to 1.359 and then divided by the integrated
observed spectra through rotor only Fig. 3.a, and over the same
wavelength band. The obtained values of the average collimator
transmission were displayed in Fig. (5) (open triangles). The average
collimator transmission T c o j was calculated using RCOL at L = 47.8 cm
and L ~ 66 cm for total opening window of 29°. The result of calculation
for comparison was also presented as solid lines in Fig. 5. The calculated
and the experimental values were found to be in reasonable agreement.
Therefore the optimum rotation phase for L = 66 cm is 30.47° at which
T c o i is maximum and reaches the value of 99.83%, while at L=47.8 cm,
T c o ] is 100% in the rotation phase range from 20° to 25°.
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EFFECT OF ROTOR JITTER
In spinning rotors at high speeds, there will inevitably be a slight
but appreciable change with time in the relative phasing of the two
rotors. In a stable system, this change will take the form of some kind of
oscillation or swing about a constant control value. This swing, often
known as "jitter", will have the effect of varying the rotation phase and
consequently varying the neutron transmission through the system. As
shown by M. Adib et al (**), the jitter phase of the double rotor system
suspended in magnetic fields at different rotation rates was found not to
exceed +, 1 ^isec. Moreover; its swing distribution is almost Gaussian with
standard deviation of 0.4 \xsec. Thus, at maximum speed of 16000 rpm,
the standard deviation of the rotation phase between the rotors is 0.04°.
The average transmission of the system over the swing distribution
can be expressed as :
TG(X /X o ) = /
-oo

Tr (X / X Q ) . Tc (

(1 - a X cut /X^,)) G (s) ds

(13)

Xo

where the distribution of the rotation phase G(s) has a Gaussian
form with standard deviation \i given as :
1

G(s) = - —
r|N 2n

+00

e- s 2 / 2 T l 2

/
-oo

where, s = <(>ph - <J)O
The relative error in the transmission is given by :
ET(X /X o ) =\| Cg - (T G ) 2 )

/(TG)2

where,
+oo
T 2 (X /X o ) =/

Tv

(X / X o ) . f c

-oo
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(X (1 - a Xcut / X o ) ) G(s)

ds

The relative transmission errors were calculated for L = 66 cm at
11=0.04% 0.20° and 0.40°. The results of calculation are displayed in fig. 6.
From Fig. 6. the relative transmission error does not exceed 2.5% at
^1=0.04° and L ~ 66 cm, while the calculation shows that ET is negligible
(less than 1%) at L ~ 47.8 cm even at worse jitter ( r\ > 0.4°).

CONCLUSION
The computer program RCOL is successfully applied to determine
the optimum operating condition of a phased rotating collimator. The
application of phase rotating collimator operating in its optimum
condition improves the performance of the polyenergetic pulsed thermal
beam at ET-RR-1 reactor.
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DEPTH PROFILING OF "N AND 2°Ne IiMPLANTATION
INTO IRON AND STEEL USING (P,y) REACTIONS

A. WRXEKAT and M. HAJ-ABDALLAH
Physics Department, University of Jordan
Amman, Jordan.

ABSTRACT
Depth profiles of 14N and 20Ne ions at 800 keV implanted into iron and
steel samples have been measured by means of the proton induced y-ray emission
(PIGE) technique. The range, R, and range straggling, AR, for these profiles
were obtained and compared with theoretical calculations. The experimental
results did show that pure iron retains more N and Ne than steel.
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INTRODUCTION
In the past few years, gas targets have been produced by implantation in
various backing materials [1,2]. Nitrogen implantation has become increasingly
important both in electronics, optoelectronics and tribolgy [3,4], Neon
implantation is used for sputter deposition, etching and cleaning of solid surfaces
and semiconductor fabrication [5,6].
In this experiment the resonance nuclear reaction 14N(p,y) 1 5 OatE P =
1061 keV and 20Ne(p,y) 21Na at EP=* 1169 keV [7] have been used to study
depth profiles of 800 keV 14N and 20Ne ions implanted in iron and steel samples.
The range, R, and range straggling, AR, of the depth profiles were obtained from
the excitation yield curves. The range parameters obtained in tin's experiment
were compared with theoretical calculations using TRIM codes [8].'
The experimental data for the depth profiles of 14N and 20Ne in iron and
steel samples show that iron samples receive and retain more Ne and N in
comparison with steel samples.

EXPERIMENTAL PROCEDURE
The proton beam was obtained from the 4.75 MeV Jordan University Van
de Graaff Accelerator (JUVA). The beams were deflected by 90° using a
magnetic analyzer and the magnetic fields were measured with nuclear magnetic
resonance fluxmeter. The excitation curve of the resonance reaction 27Al(p,y)28Si
at E P = 992 keV was measured to calibrate the proton energy produced by the
accelerator. The energy spread of the proton beam was less than 200 eV [6].
The beam spot was defined by a 5 mm diameter collimator for nitrogen
and neon and 3 mm diameter collimator for proton beams. The 14N and 20Ne
implantation beams were also carried out with JUVA. The collected proton
charge was measured using a calibrated current integrator. The collected charge
at each energy was 500 jo.C. The implantation doses are 6 x 1016 ions/cm2 for
14
N and 20Ne ions at 800 keV. The design of the coliimating system and target
chamber are described elsewhere [6].
Pure iron targets of 1-3 Jim thickness with 1 mm tantalum backing were
used. The steel targets were bulk samples of industrial steel 5300 cntaining 8%
Cr and 10% Ni by weight, with 1 mm thickness. Throughout the experiment,
during ion implantation and proton probing the distribution, the targets were
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mounted on a target cold-holder which consists of a cubic mass from copper with
40mm length to minimize target overheating and possible diffusion of the
implanted ions.
The y-rays were detected by a 7.62 by 7.62 cm Nal (Tl) detector placed at
6 cm from the target at 55° to the beam direction. The depth profiles of 14N and
20
Ne in the implanted target were measured using the areas of the portions of yrays spectrum which fell in the windows of the single channel analyser
corresponding to Ey = 2.8 - 4.1 MeV of the 14N(p,y)15O reaction at Ep =
1061keV and the corresponding areas of the portion of y-ray spectrum, E y = 2.4 3.7 MeV of the 20Ne(p,y)21Na reaction E p = 1169 keV. •
The y-rays yield distributions were obtained after subtraction from
dependent background from natural sources in the detector and charge dependent
backgrounds from (p,y) reaction materials and of resonance reaction from the
implanted N and Ne ions in the targets. After background subtraction the y-ray
yield distributions were unfolded by considering the finite width of the incident
proton beam and the finite width of the resonance cross section. The y-ray
spectra were stored in the memory of an ORTEC 4096 channel analyser for
analysis.

RESULTS AND DISCUSSION
The present results for the measurements of depth profiles for 14N and
20
Ne implantation in iron and steel samples are shown in figures 1 and 2,
respectively. These experimental profiles have been corrected from the effects of
the beam energy distributions. The errors quoted are statistical errors only.
The conversion from energy to depth scale as shown in figures 1 and 2 for
the resonance reactions 14N(p,y)15O and 20Ne(p,y)21Na were calculating using
the stopping power values taken from Anderson-Ziegler calculations [9]. Range
parameters Rp and ARp of the measured and calculated values for the depth
profiles of N and Ne in iron were obtained using TRIM 89 code are listed in
table 1.
The calculated values of the projected ranges for l4 N ions implanted in
iron and steel are larger than the measured values; this difference may be due to
the escape of nitrogen from iron subsurfaces or that some out-diffusion occured
either during or after implantation. The calculated projected ranges forNe
implantation agree with the measured values within the experimental errors. The
120

Depth (A)
4000

6000

8000

10000

1070

Fig.1. Profile of nitrogen for a fiuence of 6 x 10 1 8 1 4 N Ions/cm2" at 800
keV Implanted In:
(A) pure Iron samples.
(B) steel samples.
The curves through the data points are to guide the eye

121

Depth (A)
2000
"""•""

1 '

A000

6000

—r-

8000

1

\

10000
—-1°"-°

12000
i""1

— " • "

X10

A
10

8

7

1

i

o
o
LA

J

2

" " - — " •

| — " • " • • ••"""-"t"" - " "

—

1

' v

r—-

2
X10

10

1

B

A

-

8

\
o

.n 6

U

•
-

•

j
/

\

\

2

l

1170

1190

1210

1230

1250

i

V
f

t

1270

1290

1310

Fig. 2: Profile of neon with a fluence of 6x10 16 20 Ne ions/cm2" at 800
keV Implanted In:
(A) pure Iron samples.
(B) steel samples
The curves through the data points are to guide the eye.

experimental values for the range straggling of N and Ne implantation in iron and
steel are larger than the theoretical predictions. These differences may be due to
enhanced diffusion process or due to oversimplified straggling theory.
Table 1: Depth profile parameters for NN and 20Ne implanted into iron with
ajluence of6x 1016 ions/cm2 at 800 keV.

ion
N
Ne

Range Straggling (A°)
Range (A°)
Present work Theory [8j Present work Theory isj
1174
5778
1850±151
5420±271
1960±163
1418
5582
5380±295

Figure 1 shows that nitrogen distributions are not symmetric but skewed
such that the distribution decreases more rapidly toward deeper depths than
towards the surface in iron and steel samples. The less intense, broad and
skewed nitrogen peak in steel in comparison with the nitrogen peak in iron
suggests the escape of nitrogen from steel subsurfaces or that less nitrogen is
retained by steel than by iron in the form of iron nitrides.
The neon depth distributions, as shown in Fig.2, show a symmetric tailing
to greater depths in iron and steel samples. Less intense, broad and skewed
depth profiles of Ne ions in steel samples in comparison with the distribution in
iron samples are indicated. These results suggest that more neon is retained by
iron than by steel.
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AN IMPROVED SLOW NEUTRON SPECTROMETER
AT THE RESEARCH REACTOR-R1

M.A. ABU EL-ELA
Reactor and Neutron Physics Department,
Nuclear Research Center. AEA. Cairo. Egypt.

ABSTRACT
An improved slow neutron selector has been aligned at channel number 6
of the nuclear research Reactor-Rl-lnshas. The flight path is 3.75 meter.
The collimator-rotor-collimator system has the dimensions 0.3 x 2.5 x 70
cm3 with the rotor diameter 16 cm and 3 slits of 0.3 x 2.5 cm2 cross section.
The rotor rotation rate varies between 600 r.p.m and 3600 r.p.m. The
counting system has one of the best modern high electronic advanced
technology time analyzer with minimum Dwell time 2 jisec, 8192 channels
and a Double detector inputs of TTL and NEG NIM standard pulses. The
analyzer external Triggering signals are of TTL standard type. A special
design 3He detector for Time of flight spectrometry has been used in the
SNS. The reactor bare thermal neutron spectrum has been successfully
measured.

INTRODUCTION
Neutron spectrometers can be arranged into 4 generations, since the
discovery of the neutron in 1932. The first 2 generations are a twin
characterized by the dual property of the neutron.
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The first generation of the twin consider the neutron as a particle, in this
case, mechanical treatment could be done, through a mechanical chopper.
These mechanical choppers^ " ' can be mainly classified into, fast
neutron choppers^3'5) and slow neutron choppers^4'6"17«I9'2°)$ Both are
jointly arranged by 3 rotor parameters; 1 -neutron scattering rotors; 2-neutron
absorbing rotors; 3- shape of slit inside the rotor, (straight, curved, cigar,
barrel, helical). These choppers started by one slit rotor, followed by multislits rotor ^ followed by multi-rotors spectrometers^ >5'2°).
The second generation of the twin consider the neutron as a wave, in this
case, wave reflection and diffraction treatment could be used, through a
single crystal. This generation started by a (straight) single crystal*18^,
followed by 2 single crystals, the first crystal as neutron monochromator and
the second crystal as neutron analyzed \ (Neutron Triple axes
spectrometer).
The third generation is a combination between the first generation and the
second generation,
The fourth generation considers the neutron spin. The high advanced
technology helped much more in solving many problems, to provide the
neutron spin spectrometers and the associated neutron guide tubes.
The present spectrometer is one of the simplest slow neutron mechanical
choppers, and high advanced technology electronics. The mechanical part is
the same as was done in 1974' \ The electronic system is completely
different from the old one, between the use of valve tubes and the use of
integrated circuits ICs, besides, avoiding the use of mechanical
tachogenerator (amplidyne) to the use of electronic tachogenerator, that
prevents any additional mechanical load on the motor of the rotor. The use
of NEG N1M logic pulses instead of TTL pulses introduces a better
resolution for the counting system. Special time of flight (TOF) He detector
with diameter half of the BF3 old one , and better resolution is used. The
time multichannel analyzer provides a dwell time of 2|isec, compared with
16 u.sec in the old one with the ratio 1:8 and 10 jisec in the most recent
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neutron spectrometer in the reactor and neutron physics department of the
necular research center^, with the ratio 1:5. This facility is very important,
specially in the case of neutron elastic and inelastic scattering, where the
need to distinguish between closed peaks is required. The use of IC's in
building the system had helped in decreasing the ratio between the noise
level and the effective values.
The spectrometer can be used in the neutron wavelength range from 0.5 A
to 6 A. This range can be extended to 10 A by increasing the power of the
reactor, and using a higher vacuum flight path tube.

THE EXPERIMENTAL PROCEDURES
1- An inpile collimator had been designed from Pb with dimensions
25x2.5x0.4 cm3, to decrease the spectrometer background and keep it
safe.
2- The neutron beam center had been determined, by using dual scanning, in
the horizontal position and the vertical one, at flight path lengths 3.75, 5,
6, 6.5 meters.
3- The spectrometer has a collimator-rotor-collimator system. In order to
keep very carefully the intensity at maximum, the following scheme 123
(Rotor-lst collimator-2nd collimator) had been used:
v

Neutron

—

~

••*

1

•••-•i-

?

'

|

y

1

i

|

a

beam
Istcollimator

Rotor

2nd collimator

3.1- The rotor (1) had been adjusted to give the maximum counting rate, by
using the orientation screws at the base of mechanical part.
3.2- The collimator (2) had been adjusted using the same scheme and the
orientation screws at the base of the collimator.
3.3- The collimator (3) had been adjusted using the same scheme as in (2).
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4- Start triggering signals:
4.1 Two magnetic cells had been designed and built in aluminum disk of
the same diameter of the rotor. The carrier aluminum disk (of magnetic
cells) had been fixed at the same shaft of the motor and the rotor, with
the magnetic cells perpendicular to the slits in the rotor.
4.2- 10 magnetic pick up heads had been tested, to select the best, the
selected magnetic pick-up head had been fixed in the proper position,
as close as possible to the magnetic cells during its rotation point by
point with the rotor, to produce the start signals, that trigger the
multichannel time analyzer.
4.3- An adjustable system had been designed to absorb the motor vibration,
and keep it stable at the same center line with rotor and the carrier disk
of the magnetic cells.
5- The safety of the spectrometer:
5.1- The collimator-rotor-collimator mechanical part of the spectrometer
(the hot area) had been surrounded by 1 mm cadmium, slow neutron
high absorbing material; about 80 cm high boron paraffin mixture
blocks, 5 cm of high boron condensed polyethylene blocks, and 5 mm
of lead.
5.2- The path of the neutron beam from the reactor to the hot area of the
collimator-rotor-collimator is rounded by 20cm boric acid, 2cm iron,
and 5mm lead.
5.3- The flight path had been rounded by 10cm boric acid, 10cm paraffin,
10cm boric acid, and 5mm lead.
5.4- The detector area had been completely rounded by 10cm boric acid,
10cm paraffin, 10cm boric acid and 5mm lead.
5.5- At the end of the spectrometer a beam cature had been used to stop
any leaked y-rays and fast neutrons.
6- Supply and counting system :
Since the control system should be far from the reactor hall, the needed
supply cables to the spectrometer, and the data cables had been
127

extended for 70 meters from the reactor hall to the control room, through
special tunnels.
7- Special technique had been used to get the start triggering pulses before
the rotor opens the slits, to create the neutron bursts, with a suitable
lagging time. This technique is useful to determine the following:
(1) The zero time channel of the measured neutron spectra.
(2) The background of the measured neutron spectra, neutron burst by
neutron burst. This means that there is no need to get the associated
background in a separate measurement, and save the reactor operation
time.

RESULTS AND DISCUSSION
1- The spectrometer layout can be seen in Fig. (1).
2- The used shielding materials in building the spectrometer had provided a
safe spectrometer. This result has been assured by the official radiation
survey around the spectrometer of the Protection Department. The
radiation level is lower than the international base level. It means that the
spectrometer is completely protected from the other experiments in the
reactor hall and vice versa.
3- The reactor neutron beam and the spectrometer:
3.1- The reactor neutron beam spectrum, as a neutron source, has a very
wide range, starting from fast neutrons (fission process in the core) and
ending by cold neutrons.
3.2- The present spectrometer is a slow neutron spectrometer type. So, there
is a problem, how can you use the thermal and cold neutrons as a
neutron source to the spectrometer, in the presence of associated y-rays
and fast neutrons?
3.3- The spectrometer is connected with the reactor neutron beam in two
points. The first point is the rotor, and the second is the detector. The
rotor material is a high scatterer to the thermal and cold neutrons, so it
prevents the passage of these neutrons, and controls the passage of these

128

3 4 5 6

10

7 8 9

11

12

13

|
ro

14 15

16

17

18

19

Fig.(l) Spectrometer Layout
. Inpile shield, 2- Inpile collimator, 3- Lead. 4- Outpile collimator, 5- Lead, 6- Iron , 7- Boric acid, 8- Cadmium, 9- Borated paraffin,
10- Lead, 11- Shielding wall, 12- Detector shield, 13- Detector, 14- fan, 15- Motor, 16-Rotor, 17- Magnetic phono preamplifier,
18- Borated polyethylene blocks, 19- Beam cature

neutrons only through its slits. So, the created neutron bursts through the
slits of the rotor contain all the reactor spectrum contents, y-rays and fast
neutrons, slow and cold neutrons, while the passing spectrum, when the
slits are closed, contains only y-rays and fast neutrons, it will be treated
as background as follows later.
The second point is the detector, that should be selected very carefully
as follows :
1.1- The detector material should have a very high absorption cross section
to the thermal and cold neutrons and give interaction products to be
registered.
1.2- At the same time it should has a very low absorption cross section to
the associated y-rays and fast neutrons and consequently give no
interaction products to be detected.
1.3- The detector size must be small as much as possible, not to affect the
flight path length of the spectrometer.
All three previous conditions have been verefied in the used detector. It
is an american type time of flight (TOF) He detector. Now, the
measured spectrum represents thermal and cold neutrons, while the yrays and fast neutrons are not registered by the detector. Fig.( 2 )
represents the measured slow neutron spectrum of the reactor. Fig. ( 3 )
gives the same spectrum with another scale to show the associated
background.
4- The transmission function had been treated theoretically and
experimentally^ 17 \ the results can be shown in Fig.(4).
5- The spectrometer calibration :
The spectrometer had been calibrated by using the accurate value
of the beryllium cut-off X = 3.952 A, that corresponds to time of flight
value = 3744 fisec.
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The results of measuring the transmitted neutron spectrum through 12
cm Be, using TTL and NEG NIM standard pulse can be seen in
Fig.(5.1), Fig.(5.2) and Fig.(6.1), Fig.(6.2), respectively, for 240000
neutron burst registration, the results give good agreement between the
calculated time of flight value 3744 [isec and the measured time of
flight value 3776 jisec that corresponds to the Be cut-off X = 3.952 A.
The first peaks represent the zero time channel, while the second
peaks gives the Be cut-off channel. It may be noticed that the two
peaks are fixed and do not fluctuate, that represents a good stability for
this number of neutrons bursts 240000.
The counts opposite to the cursor position in Fig.(5.3) and Fig.(6.3)
represent the background values. The time between the channel number
zero and the cursor position in Fig.(5.4) and Fig.(6.4) represent the half
duration time of the chopper. The fixed position of the cursor in both
figures for 240000 neutron burst represents a good stability for the
spectrometer. Using NEG NIM pulses save 1/2 the measuring time
with TTL pulses, because in the case of NEG NIM, the minumum
pulse-pair resolving time is 5 nsec, while in the case of TTL, the
minimum pulse-pair resplving time is 20 nsec.
6-

Tliis spectrometer can be used in the following multipositions :
1- In combination with the neutron diffractometer.
2- Using the available curved slit rotor, as Small Angle Scattering
(SAS) spectrometer.
3- Using the available special technique as Fixed Scattering Angle
(FSA) spectrometer.
4- Using a very good goniometer as a texture spectrometer.
5- Fast neutron themialization research activity.
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Having finished the set-up and adjustment of the spectrometer, we
are starting to do some measurements of neutron cross sections of metals
with different crystal grain size and metal hydrides.
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ABSTRACT

The field ionization mass spectrum of pyridine is measured
by using 10 fim activated wire. Protonation of pyridine, is
observed as an intense peak in the mass spectrum. The
temperature dependence of the (M+H)+ ion is investigated and
discussed. The modified Neglect of Diatomic Overlap (MNDO)
calculations of the protonated species are performed and the
proton affinity of pyridine molecule is estimated.
The time dependence of the field ionization process of
pyridine is observed and discussed.

INTRODUCTION
Zandberg et al(1) studied the formation of protonated ions
in the thermal ionization source for some organic molecules
such as pyridine and attempted to consider the mechanism of
the ionization process. Fujii<2) investigated the surface
ionization of protonated pyridine on an oxidized Re-emitter
without field. Moreover, protonation of molecules is a well
known process(3> 4) in field ionization. On the other hand,
theoretical calculations of the proton affinities of some

aromatic molecules attracted some authors(s>
consideration.

6>

to take into

In the present work a further study on fehe protonation of
pyridine is done to know more details about this process
specially after the admission of the Modified Neglect of
Diatomic Overlap (MNDO) technique.

EXPERIMEfcTTAL
The mass spectrometer used in this study is a single
focusing Atlas MAT-CH4 of 60° magnetic sector analyzer,
equipped with a special field ion source. A lOfxm activated(e)
tungsten wire is used as a field anode. The variation of the
wire resistance is taken as a measure of its temperature and
is calibrated by an optical pyrometer.
FIELD STRENGTH
The surfaces of the activated wires are created with a
highly irregular surface structure, therefore the ionization
region is not well defined as for thin metal tips.
Consequently, it is difficult to determine the exact field
strength at that part of the wire which emits ions
collectable by the mass spectrometer. Beckey(3) showed that
the effective field strength can be determined by comparing
the relative intensity of fragment 29 from n-heptane (C2H5+)
as measured for a single platinum tip and activated wires.
This comparison is based on the fact that the relative
fragment intensity of mass 29 from n-heptane is only a
function of the field strength.
In the present measurements the relative intensity of C2H5*
from n-heptane is about 16% at +6 and -4kV on the 10 /xm anode
and

the

counter

electrode,

respectively.

This means, as

stated by Beckey(3>, that the field strength is in the range

0

of the medium field i.e. between 0.60 and 0.75 V/A.

RESULTS AND DISCUSSION
Figure (1) shows field ionized pyridine mass lines. The
molecular ion represents the base peak, whilst protonated
molecular pyridine is observed as a second intense peak in
the spectrum.
Zandberg and Rasulev(1) and Fujii<2) (in their surface
ionization experiments) indicated that the formation of
(M+H)+ from pyridine is a bimolecular reaction. This means
that the (M+H) + ions are formed by a reaction either between
two pyridine molecules or between a pyridine molecule and its
dissociated species on the surface.
Fujii(2) admitted deutrated water as a proton donor with
pyridine in the surface ionization source. He(2), concluded
that (M+H)+ ions are generated through the reaction process
between a pyridine molecule and a dissociated hydrogen
species on the surface. This means that proton transfer
complex formation followed by ion desorption is the most
probable mechanism for the protonated pyridine peak.
The geometry optimization of pyridine molecule is
calculated using the MNDO(7> technique which offers the
possibility of evaluation of the charge distribution on
different species. Fig. (2) shows the geometry and the charge
distribution of pyridine molecule. It is evident that the
charge on the nitrogen atom (-0.231) is slightly more
negative than other atoms in the molecule. Therefore, it is
expected to have protonation attachment with nitrogen
position.
Fig. (3) shows the molecular geometry for the nitrogen protonated

pyridine
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following mechanism may represent the reaction of protonation
in the gas phase:
H+ + M
> MH+
PA(M) = AHf(H+) +AHC(M) - AHf (MH+)
where, PA(M) is the proton affinity of pyridine molecule
AHf is the heat of formation.
The value of AHC (H+) is taken as 365.2 Kcal/mol(9), and
AHC(M) = 33.63 Kcal/mol. Walder and Franklin(10), compiled a
large number of proton affinities for different molecules
from different sources and gave the proton affinity of
pyridine to be in the range from 217 Kcal/mol to 225
Kcal/mol. Taking the average of these values to be 222.3
Kcal/mol, this would give the value of AHf (MH)+ to be 176.53
Kcal/mol.
MNDO calculation gives AHf (MH)+ as 187.79 Kcal/mol.,
where protonation is considered to be on nitrogen position.
There is no value in the literature to compare with the
present MNDO AHf (MH)+ value namely, (187.79 Kcal/mol).
However, it seems to be not so far from the calculated value
from the standard values in the reaction (1) as 176.53
Kcal/mol. The slight difference may suggest that protonation
is not localized completely on the nitrogen atom.
The present MNDO value of the heat of formation of
protonated pyridine, is 187.79 Kcal/mol, while the heat of
formation of ionized molecular pyridine, as taken from the
literature is 247 Kcal/mol(11). This means a stabilization
energy to the protonated species in comparison to the ionized
pyridine by about 59Kcal/mol which reflects the abundent
appearance of this species.
Fig.

(4)

represents

the

thermal

dependency

protonated pyridine ion. The relative intensity

of

the

increases

initially with the emitter temperature and then decreases
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after reaching a maximum. At the present measurements where
the field strength is medium (between 0.6V/A and 0.75 V/A°)
the maximum ion intensity is observed at 712K.
The temperature dependency seems to be a complicated
function depending on the dissociative chemisorption of the
proton and the lifetime of pyridine molecules on the surface.
Fujii(2) observed a maximum rate of ionization of
protonated pyridine by surface ionization technique at a
filament temperature namely, 823K, which appears in Fig. (4)
curve (2) (normalized with our data).
It is evident that the field reduces the heat of
desorption of the protonated ions that it becomes possible at
lower temperatures.
The pyridine ions and the protonated pyridine show a
characteristic variation of intensity with time. Figure (5)
shows that the ionic intensities of NT and MH+ decreases with
time reaching a minimum, and then an increase in intensities
is observed which is lower than the original values.
At first the gas pressure at the surface is strongly
enhanced due to the polarization of the molecules in the high
electric field forming a case of multilayer adsorption which
decreases the effective electric field strength. With time,
these layers become a source of ions. Therefore, the
intensities after they reach a certain minimum value begin to
increase. At this case the effective field strength is lower
than the initial field before multilayer formation.
Multilayer formation is the main source of formation of
(2M)+ and (3M)++ ions as a surface products.
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ABSTRACT
The present review provides a very brief introduction to ECRIS's which are
considered one of the recent trends of high current high charge state ion beams The
theory of the microwave discharge and the influence of resonance on the power density
consumed by the discharge are studied .Description, design and the main developments of
the source are summerized. Also the main factors enhancing the source performance such
as plasma cooling to increase the high charge extent, injection of electrons into the plasma
to increase the plasma density and adjusting the magnetic field to improve the beam
emittance are examined. Besides ECRIS's there are another group of very reliable
microwave sources that generate high current low emittance beam of singly charged ions
developed for ion implanter and accelerator injectors are reviewed.
INTRODUCTION
In the first experiments1 multiply charged ions ,were accelerated with cyclotrons
designed for acceleration of high charged ions . In this case , stripping of accelerated
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ions with charge +1 on the residual gas directly inside the cyclotron vacuum chamber
were used . After stripping ions with the higher charge state ,were accelerated with the
fundamental harmonic of the cyclotron frequency.however the intensity of the accelerated
ions without a special multiply charged ion source was very low .
The next stage of the production of multicharged ions2*3 involved the design,
acceleration and development of a special multicharged ion sources based on Pening
ionization gauge principle which produced intense highly charged ion beams. Following
the development of the Duoplasmatron ion source of multicharged ions.
A new stage in the development of the production and acceleration of multicharged ions
was opened by the advent of a new generation of high performance ion sources such as
EBIS, LPIS, and ECR1S. Comparison of the output of high charge state of ions from
diffrent ion sources as shown in Fig. 1,2 . Also Fig.3 shows the nT plasma map related to
ion sources . The electron plasma density Ne is directly related to the ion current that can
be extracted from the source which means that a high flux ion source requries high
electron density .

The electron temperature of the plasma Te is of cruical importance in

high charge state ion source because high ionization energy is required for production of
high charge state ions.
During the last decade , ECRIS's have transformed heavy ion physics . Because ECR
ion sources can generate substential currents of very high charge state ions, the size and
cost of new heavy ion accelerators have been reduced considerably.
Besides the production of highly charged ions and higher currents of the desired ions,
from ECR ion sources, there are other factors featuring its use

such as .enhanced

reliability compared to the arc discharge ion sources with short lived cathodes and in many
instances , higher currents of the desired ions , high efficiency and low energy spread.
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HISTORICAL BEGIMNG
The first known type of ECRIS's was found by R.Geller4 - (1969 Saklay France),
when he found that a high density plasma was formed by electron cyclotron resonance
when the microwave frequency fw is equal to the electron cyclotron frequency fc as
described by Eq. 1:
f w = fc - (e B/27tm )

( 1)

In his first ECRIS ,Geller used a microwave oscillator (300 W ) to furnish lOGHz of the
propagating wave and a suitable shape of magnetic mirror. A schematic diagram of the
first ECR source and its characteristics are shown in Fig.4,5 . He has found that by use of
an extraction voltage V e x ^.10^ V, he could extract ion beams of order of tens of mA/
cm 2 ^ higher than that could be delivered by the classical ion sources which gives current
limited by Child - Langmuir law (I - P V 3 / 2 ) .
Later in 1976 ,Geller used the microwave discharge plasma as a source of production of
multicharged ion beams.The first

ECRIS producing substantial beams of multiply

charged ions called SUPERMAFIOS,was built in Grenoble(1974), it required however so
much power(3MW).With the birth of MACROMAFIOS

5

in (!979), where an ingenious

application of modern permanent magnetic materials resulted in a beneficial reduction of
the required power to about (lOOkW).
Presently more than 40 ECRIS's are in operation all over the world 6 ,where highly
charged ion beams are applied in atomic and surface physics and in conjunction with many
types of accelerators in nuclear and elementary beam physics , for research ranging from
material modifications up to the quark -gluon plasma. Different developments have
occured which have led to great variaty of ECRIS types, with progressively improved
performance . All sources keep having the same basic criterions (fw~fc) w ^h increasing
magnetic fields while the rf frequencies being used from 2.45 up to 18GHz , radial
hexapolar field and axial mirror field, interaction with the electromagnetic wave.
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THE MICROWAVE DISCHARGE
The power density absorbed by the microwave discharge is :
P - E J - -ne ( ErTr + EQr, + E.e;) x (Vrrr + V9¥, ^ V ^ )

( 2

»-ne(VrTr+Vtt;)

(3

In order to simplify the theoretical analysis , the space charge field formed by the
charged particles and the magnetic field formed by the motion of charges in the plasma is
neglected . The solution of Eq. 3 is found to be 7 :
V c ( V c 2 + Q) 2 +O c 2

P=
m
where

2

+

©

2

- ©c

2

(4)
2

) + 4 VC G)

2

K

2

©

2

)

v c =5.9 xlO^ P r /sec.,is the electron collision frequency,Pr is the pressure in

torr.,Er^eff = effective value of the electric field which is equal to Er^/2 (E r is the
amplitude of the electric field.),n is the electron intensity, e electron charge , m mass of the
electron . The solution in Eq. 4 describes the property of resonance when w the gyration
frequency of the micrwave field is equal to ©c the gyration electron cyclotron frequency
(© c = eB/ m ). Further simpilification of the solution shows that7

p ^ * 2m
This shows that the total power density used by the microwave discharge increases with
both electron intensity and the electric field . Also it decreases with the increase of
electron collision frequency or the gas pressure in the discharge chamber. Fig. 6 shows 7
the total power density as a function of electron cyclotron frequency with the variation in
the electron collision frequency.
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LAYOUT
As an example Fig. 7 shows the layout of a recently constructed ECR1S8. The main
parts of the source are:
! - Plasma chamber in which highly charged ions are produced by successive electron
impact ionizing collisions .
2 - The plasma chamber is surrounded by solenoides with an iron yoke and Helmoholts
coils giving an axial magnetic field , its intensity increases at the terminal of the plasma
chamber to act as a magnetic trap as shown in F.g 8 .
3 - The microwave power is injected into the plasma tube by means of a rectangular
waveguide .
4 - A quartz gas fed tube for gas inlet at one terminal and ion beam exit at the other side .
Fig.9 shows the complete experimental setup which is used for ion species seperation

DISCHARGE MECHANISM
The essence of ECRJS is a gas or vapour filled chamber, with superimposed magnetic
field and means of introducing the microwave power. The energy of the microwave is
transformed to the free electrons which in turn ionize the gas atoms and molecules . The
plasma electrons thereby continuously heated at the electron cycletron resonance
condition . The introduction of a magnetic field makes the microwave couple strongly to
a plasma via the electron cyclotron provided that the magnetic fields confirms.
B c =357 f (gauss)

( 6)

In the absence of magnetic field , microwaves cannot propagate in the plasma
with electron density higher than the critical value specified by9
nc-l.llxl0l0f2cm-3

(7)

where f is the microwave frequency in GHz . Because microwaves couple only weakly
to the surface of an unmagnetized plasma . For example when 2.45 GHz microwaves are
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Fig.7 ECRIS of Lawerence Bcrkcly Laboratory5

Fig.8 Axial magnetic field profile of Berkcly ECRIS.
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so™

used,a plasma density of 10*2 -lo*3 cm'^ can be obtained at apropriate magnetic field ,
while plasma density of only 7.4 x 1 0 ^ cnr^ for a zero magnetic field. The magnetic
field drives the electron cyclotron resonance elsewhere in the plasma and the
electromagnetic waves can propagate even if the elecron density is higher than n c . The
magnetic mirror and multipolar magnets are used to confine the plasma (axially as well as
radially) and intensify the plasma via decrease of the plasma diffusion towards the walls
and increase of the lifetime of the particles to allow for sequental ionization .
One can conclude that the main factors affect the source performance are:
i - The microwave power: which influences electron temperature and plasma density
ii - The support gas flow :which determines the source pressure and the plasma density
iii - The axial magnetic field : which affects: the position of ECR zones, the confinement
time and the the extraction of the ion beam (due to the strong stray field )
THE SOURCE DESIGN
The design procedure starts by evaluating the operation frequency of the microwave
generator. A higher frequency would allow a more compact design but also more
expensive. From Eq.6 the resonant magnetic field strength can be determined .The iron
yoke dimensions of the hexapole structure and number of turnes of the coils will be
determined , and manufactured. The magnetic structure must have large freedom of
parameters variation to meet any change of the operating conditions such as the variation
of the microwave frequency . The microwave power is fed to the source through a
flexible waveguide. An additional insulator at the enterance of the source to protect the
Klystrons or magnetrons .The discharge tube is made from quartz to withstand the high
temperature of the plasma.. The inner wall must be thermally insulatted and reaches
temeralure up to 600 C° which is necessary to avoid condensation of volatile feed
material on the plasma chamber surface .Source body and permanent magnets are cooled
in a closed cooling loop .
The ion source body must include seperate closed cooling loop , exchangeable plasma
chamber and a gate valve to make it act as a unit of self contained .The pressure inside the
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NEW TECHNIQUES AND TRICES
A - Ion c oo I in g by gas m i x i n g
The first idea of ion cooling in the multiply charged ion sources appeared about 8 years
ago

10

It has been experimentaly discovered that the addition of light ions increases the

extraction of multiply charged ions in ECRIS's , It was shown that the ion energy
redistripution and temperature stabelization times have a microsecond time scale much less
than the millisecond time scale of ion lifetimes in the plasma11. The electrons heat the light
ions slower than the heavy ions , but light ions take away some part of the energy from
heavy ions

in a short time and decrease the common temperature . At the same time the

light ions have low charge and low life times . They are lost from the source taking away
the energy of heavy ions . The decreasing of the heavy ion temperature causes the raising
of heavy ion lifetimes and mean charge . Fig. 10 shows the result of numerical calculations
of ion charge state distripution of minimafious type ECR1S

l0

B- In jection ofelectronsinUy he plasma
The injection of electrons along the main axis of magnetic configurations of ECRIS
improves the observed

extracted ion currents12'13. The methods used for election

injection are:
1 - use of a negatively biased probe
2 - use of a low voltage electron gun
3 - use of a convenient coating on ECRIS chamber wall,e.g.,ThO2 ,SiO2 ,or,AL2 O3.
These coating produces new electrons by secondary emission .
C - Deergase 0f_beamemitt ance
An important parameter in specifying

and evaluating an ion source is the beam

emittance. While supplying the required beam current is obviously essential, minimizing
the emittance of the beam from the ion source can reduce the size and cost of the transport
elements and/or accelerators.The normalized emittance £ at a given beam current in terms
of the magnetic induction 9 is given by :
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e = 6.44 x 10"9 I 2 B 2

inin . inrad

(8 )

Since the emittance of ECR sources increases with the axial magnetic field in the
extraction region .It is obvious to use a low microwave frequency like 2.45GHZ and
lower the magnetic field in the extraction region to achieve minimum beam emittance
.Several sources versions including magnetic mirrors configurations with and without
magnetic multipoles have been studied. The best results have been achieved with a source
consisting of a permanent magnetic multipole which provides zero axial field in the
extraction one mirror coil at the source end opposite to the extraction 14 . Fig. 11 shows a
schematically diagram of the source version with one mirror coil.
MICROWAVE ION SOURCES
Since the microwave - discharge plasma is produced without filament and its density
101 cm-3 is sufficient for production of high ion current density , several types of
microwave ion sources for producing low charge state ions have been developed and used
. A microwave frequency of 2.45GHz is frequently utilized , because high frequency is not
always needed for low charge state ion source plasma production. The microwave power
is in the range of 100 - 300W. The magnetic fieldis in the range of lkG, the gass pressure
in the discharge chamber is in the range of 10"-* - 10~l torr. The extracted ion current in
the range of 1mA up to 50 mA These ion sources are suitable for 1 MeV ion implanter
because of its small size (50mm diameter and 70 mm in high) low input power , and
simple operation :Fig. 12 shows dfferent shapes of this type of ion sources 15 ' 16 .
2

CONCLUSION
ECRIS's are considered to be the recent trends type of ion sources that could
produce intense beams with highly charged ions .They could generate an intense ion beams
(IOJAA - 100mA) and substantial currents with charge state up to +40. Todate,fully
stripped N + 7 ,O + 8 ,Ne + 1 0 ,Ar f 18,have been extracted from ECRIS. The theory of the
microwave discharge shows that the power density consumed by the microwave discharge
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is proportional to the electron intensity and the ampilitude of the electric field and
inversely proportional to the discharge pressure. The beam emittance is proportional to
the magnetic field intensity, while the increase of the magnetic field increases the extracted
current The designer is compelled to perform a compromize between the increase of
plasma density or improving the beam emittance by decreasing of the rtiagnetic field.
Researches are now carried for enhancing the source performance , improving beam
optics and decrease of the source size and power consumed .
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ABSTRACT
A new design of a broad beam rf ion source is made to deliver currents of lOO^A up
to 30 mA with extraction voltages 200 V up to 2 kV. Its plasma intensifying system is
made with both addition of electrons from an immersed filament in the discharge and axial
magnetic field of 70 up to 300 G. Uniform beam density distribution is made with a planner
graphite cathode which has a number of holes of varying diameters arranged to produce
perveance matching with the normal Gaussian distribution of the beam density. The
variation of the output current is studied with the variation of extraction voltage,magnetic
field intensity, discharge pressure and electron injection into the plasma.
The influence of electron injection into the plasma is found to have a great effect on
increasing the extracted current to about four times its value without electron injection.
The increase of extraction voltage is limited with the use of electron injection at VeI > 2kV
due to the presence of breakdown inside the discharge tube.
I.INTRODUCTION
The growing interest in the preparation of new or functional materials1 by using ion
beam assisted technologies has been taken in various industrial fields such as ion
implantation , sputtering, etching, deposition of thin films, etc.
The metallurgical ion implanter is quiet different from the conventional ion
implanter . The second type is of low current density and small beam area which, if it is
used for material treatment, makes the costs high. The first type is of high current, uniform
distribution and broad beam24 that would be particularly suitable for ion implantation of
large surface area in a short time with reduced cost.
The rf broad beam ion source is featured with its cleanliness due to the use of a
pyrex discharge bottle and decrease of metallic elements inside the source, simplicity in
construction, ease of maintenance and operation. These features add more advantages to
the metallurgical ion implanter.
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2.EXPERIMENTAL SETUP
A.The Source Description
The schematic diagram of the rf broad beam ion source is shown in Fig.l. It consists
of a pyrex cylindrical vessel (O=8 cm, L™ 6cm) with both the anode probe
( <X>^ lmm) and tungsten filament (24V - 10A) joined to the vessel. Axial magnetic field of
(70-300 G) is produced around the filament. The cathode is made from graphite planner
target, its thickness - lmm, and has multiapertures. These apertures are arranged to
produce a wide and uniform beam density distribution with the use of perveance
matching45 to the normal Gaussian distribution of the beam. This matching is achieved(as
described in the conceptiual illustration Fig.2) with the holes in the cathode arranged at
equal distances on consequent circular orbits. The diameters of these holes are 1,2,3,4 mm
which increases with the increase of the orbit radius. This allows increase of the source's
perveance at the outer edges and its decrease at the source's inner region.
B.Ion Beam Scanner
An electromechanical system is used to move a tungsten probe of diameter 0.5 mm
and length 5 cm in a horizontal direction across the beam line at a distance 10 cm behind
the source outlet. The switches at each end determines the length of the stroke and are used
also to reverse the direction of motion.The signal from the scanning probe is received by an
X-Y recorder to trace the beam profile.
C.The Beam Profile
Fig.3 shows the beam profiles traced at 1 kV extraction voltage with and without
perveance matching. The profiles show that the Gaussian distribution of the beam profile
for a single exit aperture (of 5mm diameter) is modulated due to the effect of perveance
matching to produce uniform distribution which could reach 66% of the beam width of 6
cm.

3.DISCUSSION
The source parameters which affect the plasma intensity and the ion beam extracted
from the ion source are: the extraction voltage, the discharge pressure, the magnetic field ,
the rf power, and the aspect ratio of the extraction apertures of the source. In the following
a discussion is made to describe the effect of these parameters on the extracted Argon (Ar)
ion current.
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A. Influence of the Extraction Voltage
The Child-Langmuir law describes the dependency of the current density on the
extraction voltage and the aspect ratio of the extraction aperture as described by equations
1,2:

J
where J is the current density, V is the extraction voltage, d is the distance of the extraction
gap, q/m is the charge to mass ratio and eo is the permittivity. Also the total extracted
current can be found from Eq.2

where S = a/d, is the aspect ratio (the ratio of aperture radius a to the electrode distance d)
of the extraction aperture geometry.
Fig.4 shows the variation of the extracted current with the extraction voltage. This
variation doesn't obey the Child law and this is due to the increase of the aspect ratio S
with the distance from the source's axis. The source is found to be capable to deliver Ar ion
current up to 20 mA at extraction voltage « 1.8kV and working pressure ™ 7.5x10™* torr.
The direct contact of the probe and unshielded cathode causes the saturation of the
extracted current to be reached faster at extraction voltage of 2kV.
B.Influence of the Discharge Pressure(Pr)
The increase of the discharge pressure results in :
i- increase of the number of atoms and molecules in the discharge where
Pr =n k T , Pr the discharge pressure, n =number of particles,k Planck's constant and
T the plasma temperature.
ii- decrease the mean free path between collisions.
These two factors affect the variation of the plasma intensity with the discharge pressure.
The increase of the discharge pressure increases the plasma intensity up to a certain
limit at which the colliding electrons gain the maximum ionization cross-section.
Increase of the pressure beyond this optimum vaJue affects decrease ot the plasma intensity
due to the decrease of the mean free path and decrease of the energy gained by the particles
between collisions.lncrease ofthe extracted ion current with the increase of the discharge
pressure is limited by the breakdown limitFig.5 shows that the source could yield an ion
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current of = 25 mA at a high pressure of = 1.5x10'3 torr. , while the current yield from this
source is - 2mA at a low pressure of=5xl(T4 torr.
C.Influence of the Magnetic Field(B)
The magnetic field has the same effect on the extracted ion current like the effect of
the discharge pressure. The magnetic field causes increase of the lifetime of the electrons in
the discharge. This increases the chance of electron collision with gas atoms and molecules
and increases the chance of ionization. Also the magnetic field decreases diffusion losses
towards the discharge walls. Fig.5 shows the effect of the magnetic field on increasing the
extracted ion current from the source and this effect is greater at low pressure than at high
pressure. This is due to the increase of mean free path at low pressure and increase of the
energy gained by the particle between collisions5.

D.Influence of the rf Power(Prf)
The power consumed by the high frequency discharges is given by6:

nee2E0
mvc

v?
7

2

where vc is the electron collision frequency ( ve ~ 5.9x109 P r) / sec and Pr is the
discharge pressure in torr.and ®e=( eB/ m) is the electon cyclotron frequency. Eq.3 shows
that the power consumed by the high frequency discharge is proportional to the electron
concentration ne and to the square of the electric field Eo. Hence increase of the rf power
means increase of the electric field Eo and increase of the impact energy of the electrons
allowing for increasing the chance of ionization. Fig.4 shows the influence of the rf power
on the extracted ion current.
E.Influence of Electron Injection Into the Plasma
The electron acts as the bridge to transfer the kinetic energy into the discharge. So
the increase of the population of the electrons into the discharge increases the power
consumed by the discharge (as described by the Eq.3) and thus increasing the chance of
ionization. The effect of electron injection acts like the effect of increasing the discharge
pressure7. Fig.6 shows increase of the extracted ion current with the use of electron
injection into the plasma. This increase could reach four times the value of the extracted
ion current without electron injection into the plasma
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ABSTRACT
This study includes the production of argon discharge inside the cold
cathode Penning ion source. The arc characteristics are investigated under
the influence of the discharge parameters such as the pressure and the axial
magnetic field. It is found that the arc current increases with the increase
of pressure while the arc voltage decreases. The application of the magnetic field at lower pressure helps the existence of the arc discharge at lower
ranges of pressure and lower arc voltages.
INTRODUCTION
The electron oscillation ion source with an axial magnetic field was
proposed by R.Maxwell at 1931' 1 '. F.Penning(2) showed the importance of
this source to be used as a vacuum gauge, which is called Penning Ionization Gauge (PIG). This gave rise to the popular name for the discharge. In
this ion source the discharge mechanism depends on the electron oscillation
between two cathodes through a cylinderical anode situated in between.
The magnetic field confines the electrons-from moving to the anode and
according to its helical motion and its large mean free path, these electrons
have good chance to do ionizing collisions with gas atoms. This enables the
discharge to operate at low pressure. The positive ions moving along the
magnetic field lines have the chance to collide with the cathodes and emit
secondary electrons which are attracted towards the anode chamber and increase the plasma density.

This ion source has many purposes of applications in isotope mass separators and accelerators^' 4 ' 5 ). In this work it is used for the production of
heavy argon ions to use it in a low energy accelerator. This study includes
discharge characteristics using argon gas. The influence of the pressure and
magnetic field on the arc voltage and arc current at low pressures are put
under investigation.

APPARATUS
The Penning Ion Source:
This source(6) consists, as shown in Fig.(l), of a stainless steel cylinderical anode (ionization chamber) and two aluminium cathodes. It is surrounded
by an electromagnet of an insulated cupper wire of diameter lmm and number of turns = 900. The maximum magnetic field/Amp at the center of the
anode is 550 gauss/Amp. (Fig.2). The cathode has an expansion cup with iron
diaphragm. The extractor is made of iron with an aperture of diameter 2mm
and is fixed near the base of the cathode at distance 2 mm.
Power Supplies:
These are the arc supply (3KV-5 Amp), Power supply (200 KV-15mA)
with negative polarity is used for ion beam extraction, power supply (10KV50 mA) for electron beam extraction and an electromagnet power supply
(100 V-5 Amp.).
Vacuum System:
A complete vacuum system with nitrogen trap is used to evacuate the
apparatus. The pressure below the source reaches 5xlO"6 torr before Argon
gas injection. The pressurj is measured by digital vacuum meter.
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RESULTS & DISCUSSIONS
Before the operation of the ion source, the system must be evacuated to
about 5x10-6 torr to remove the residual gases. Then the argon gas is injected inside the source through a needle valve which is used to adjust the gas
pressure.
In the study of the arc discharge, by increasing the arc supply voltage
and recording the values of the arc current and arc voltage, it is found'that
the arc current increases with the arc voltage and at a certain value a sudden
drop in arc voltage occurs. After this drop in voltage, the increase in arc
voltage is accompanied by a decrease in arc current, this change is due to
heating of the cathodes by the discharge at high power 07), which causes
thermionic electron emission and increases the electron density inside the
arc chamber.

I. Influence of the Magnetic Field:
The axial magnetic field causes magnetic confinement to the discharge
which is equivalent to the increase in pressure since it increases the concentration of the charged particles. This magnetic confinement decreases the
diffusion losses and therefore increases the plasma density along the source
axis. Fig.3 and Fig.4 show the discharge characteristics at pressures
4.2xlO- 4 ton and 1.3xlO"4 torr respectively.
In Fig.3 the application of the magnetic field at B=440 gauss causes a
large drop in voltage and accompained with large increase in arc current
which is independent on voltage at lower values of arc voltage (-210 volts).
This indicates that the magnetic confinement helps the arc formation. Also at
Fig.4 the same influence appears at lower pressure (1.3xlO"4 torr) but
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1.6

with relatively larger arc voltage, this could be due to the larger pressure at
Fig.3.
The change of discharge current with magnetic iield is shown in Fig.5
where the arc current increases to maximum value at 13=550 gauss, then at
larger magnetic field the arc current decreases. At zero magnetic field the
electrons may be captured by the anode and its life is short and the plasma
•in this case will be of low intensity. On the other hand, the increase in magnetic field increases the arc current due to the decrease in electron losses.
Such electrons increase the plasma density by its helical motion and its
inelastic collision with the atoms. The critical magnetic field is accompenied
by plasma instabilities^8) through the radial direction may be due to these
instabilities which decrease the arc current.

II. Influence of Pressure:
Fig.6 shows the change in arc current with pressure at arc voltage300 volts and magnetic field B= 825 gauss. It is clear that the arc current
increases with the increase in pressure where at Pr= 7.8x10"5 torr the arc
current^ 0.48 Amp., while the increase in pressure to Pr™ 2x10"4 torr, the
arc current reaches 0.74 amps. This increase in arc current may be due to
the large number of gas atoms which produce plasma with higher density at
larger pressure.
Fig.7 shows the change in arc voltage with pressure. Curve-1 and
curve-2 show the decrease in arc voltage with the increase in pressure. The
application of the magnetic field with B= 550 gnuss nt curvc-2 causes sharp
decrease in arc voltage at pressure range less than 2xl(J 4 torr i.e. at lower
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pressure with respect to curve-1. This figure reflects the influence of pressure and magnetic field on the decrease of arc voltage on their increase to
larger values which are the suitable conditions for the arc formation.

CONCLUSION
From the study of argon discharge characteristics it is found that both
the magnetic field and pressure are of large importance in the source operation.
In the presence of axial magnetic field which causes plasma confinement,
the electron and ion losses decrease and the argon discharge is characterized
by large arc current at lower arc voltage due to the formation of highly ionized plasma. Also the increase in pressure increases the arc current due to the
increase in the number of ionized atoms. So it is clear that the magnetic confinement is equivalent to the increase in pressure.
It is clear also that the application of the magnetic field at lower pressure
helps the existance of the arc discharge at lower ranges of pressure. This fact
is very important for ion beam extraction at higher extraction potentials
without breakdown problems which occurs at large pressure.
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ABSTRACT
The parameters affecting the profile shape of a high energy , low current,
thin Ion beam of finite length have been investigated . The beam profile shape
depends on the initial beam radius .beam perveance , atomic mass number,
charge state of ions and beam length . These parameters also affect the
relation between the initial radius of the finite beam length and the final one .
The initial optimum

beam radius corresponding to minimum target radius has

been formulated and the relation between them is deduced .

INTRODUCTION
The evaluation of the space charge force for a long solid cylinderical ion
beam moving with uniform axial velocity was discussed by Hutter [ 1 ]. The own
electric field of the charges themselves is only acting on the ions which gives
rise to electric fields in the radial direction only . At a given voltage the ions
move more slowly producing a greater charge density for an equivalent current.
One of the most important effects of space charge is to spread the beam [ 2 ] .
This effects makes it necessary to apply the various forms of focusing to
elongate dense beams [ 3 ] .
In this paper, the evaluation of the space charge force for a finite beam
length with low perveance shows two forces acting , one in the radial direction
and the other in the axial one . Assuming a low current, high energy thin ion
beam , the solution for the derivation of both forces has been investigated
using different increments of the finite beam length with the same axial velocity
and radial radius.
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DERIVATION OF DIFFERENTIAL EQUATION OF MOTION OF AN ION IN THE
BEAM ENVELOP
Refering to fig. ( 1 ) , the force dF acting on an ion at a coordinate z in the outer
surface of the beam due to an increment dz0 of the beam is given by the formula! 1 J:

where I , z* , e
respectively.

are the beam current , the velocity of ions and the ionic charge

Therefore the axial force on the ion F z is given by : -

lrMz-zon)
1

w

[{r

where L and m are the beam length and the ion mass,respectively
Also the radial force Fr on the ion is :

l 3/a

- y ( r f * ( z - z 0 ) ll l

4¥

r

/

1

• za V
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dF

Rg.(1) The forces acting on an ion
in the beam envelop.
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The differential equation of molion of an ion in the beam envelop is given
by [ 4 J: -

d2r

z

t

,

—-

dz

Substituting in eq. ( 3 ) for z" using eq. ( 1 ) and for r" using eq. ( 2 ) , gives :
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, dr
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where V is the voltage corresponding to the energy of ions, and consequently

dz2

ve

r JT2+zx

/rMz-L)1 dz
(5)

where d2r / dz2 in ( mm ) -1 , P is the perveance in (Amp. / Volt) 3 / 2 ,

m

in ( K g )

e in Coulombs , z and r in ( mm ) .
DETERMINATION OF THE BEAM PROFILE BY AN APPROXIMATE METHOD
An approximate method was used to determine the beam profile which
approaches the real one . The value of (d?r/dz 2)ocan be easily computed using
equation ( 5 ) by taking specific values of P , m , e , r0 and ( dr / dz ) 0 . Where r0,
( &r / dz 2 )o and ( dr / dz ) 0 are corresponding to z = 0 . The value of ( dr / dz ) 0
was chosen to be equal to zero , i.e paraxial beam. The beam length was divided

187

/

into increments, 1 mm each . The values of n and ( dr / dz ^ at the end of the first
increment were determined by the relations [ A ]: n =ro+Az. (-™)0

dz

2
(. dr )x1= (, d r ). 0^+ AA z . (. d r ,) 0
dz
dz
dz1

Therefore , ( d?r / dz 2) t can be easily computed using equation ( 5 ) and the values
of

r2 and

( dr / dz ) 2 at the end of the second increment were determined by the

relations :

r2 = r1 + A z . ( ^ L ) ,
dz
Consequently
determined.

and

(4L)2 = ( * . ) ,
dz
dz

the value of the

+

AZ. (

d!L)f
dz 2

radius at the end of each increment can be

RESULTS
Figures ( 2 ) , ( 3 ) and ( 4 ) show the relation between the initial envelope
radius of the beam , r h and the final radius ,r,, at P = 1 O - i o ( A / V 3 / 2 ) t c = 1
and at different values

of

M

for

where C and M are the electric

charge units corresponding to an ion charge and

its mass number. Figures ( 5 ) , ( 6 )
In

case

for

of

L = 100 , 1 5 0

relation

P=2x1O-io
and

1 = 100,150 and 200 mm, respectively ,
and

( 7)

show

the

same

( A / V 3/2), c = 1 and at different values of M

200 m m , respectively. Fig . ( 8 ) shows

at P = 10-10 ( A / V 3 / 2 )

relation

t

the

same

M ~ 4 , L = 200 mm and for two different values

of C .
From the figures it can be staled that if a target is placed at a certain distance
from an ion source with initial paraxial thin beam of low perveance , the final radius
of the beam at the target will depend on the initial beam radius , P , M and C . This
statement is well satisfied in case of the saddle field ion source [ 5 ] which produces
nearly paraxial thin beam of low perveance .It is found that for any specific values of
L ,

P , M and

C ,

there is an optimum value of initial beam radius , r* ,

corresponding to minimum spot radius at the target, rfo, and the formula governing
the optimum value is found to be :
ri0

= 4.6x10-3 x L x (-M-)o.25 X (Px1O«)O47
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where L in [ mm J and P in [ Amp. / Volt 3'2]. Moreover the corresponding minimum
beam radius at the target, rf0 , is found to be :
rf0 = 2.34 Ho

(7)

It is concluded that the relation between the initial beam radius , n , and the final
beam radius , r,, is dependent on L , P , M and C and a fixed relation is obtained as
long
a

as

L. (P)o.47. ( M / C)o25

j s kept constant. This means that if

beam of L= Li , P = P i , M= M, and 0 = 0! with initial radius n and final radius

rr , is required to keep its target diameter constant irrespective of the variation
of P or / and M or/and C, L must be changed such that:
L2.(P2)0.47.

(_L)0.2S

=

L,.(P1)047

c2

. ( — L . ) 0 25

q

Fig . ( 9 ) shows the beam profile (the relation between z and r ) in case of
L = 100 mm , P = 2 x 10-10 ( A / V 3/2), M = 4 , 0=1 and for different initial radii.
This figure shows how the beam profile depends on the \nd\a\ beam radius There is
an optimum initial beam radius corresponding to a minimum beam radius of the
target . From this figure , it is seen that for r, =0.9 mm , the beam radius at the
target is 2.108 mm .while for greater or less than n =0.9 mm , the beam radius at the
target is greater than 2.108 mm .
Fig . ( 10) shows the beam profile at L= 100mm, P = 2 x 10-10 ( A / V s / 2 ) ,
0

= 1 and n = 1 mm for different values of M . The figures show the dependency of

the beam profile on M and the beam becomes more divergent as M increases .
Fig . ( 11 ) shows the beam profile at L = 100 mm , M = 4 , 0 = 1 and
T| = 1 mm for different values of P . It is clear that the-beam becomes more divergent
as P increases .
Fig. ( 12) shows the beam profile at L = 100mm, P = 2 x 10-n>( A / V 3 / 2 ) ,
M = 4 and n = 1 mm for different values of 0 . It is obvious that the beam becomes
more divergent as C decreases .
CONCLUSION
The different parameters affecting the beam profile of a finite beam length are
the perveance , electric charge units are corresponding to an ion charges, atomic
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mass number and the initial beam radius . It is found that the final radius of the beam
, i.e the beam radius at the target , has a

minimum value corresponding to an

optimum initial beam radius which is given by the formula :
rto

M
= 4.6 x 10 -3x Lx ( — )025

X(

Px 10 10)0.47

(mm)

The minimum beam radius at the target is found to have a value,namely, 2.34 r^ . In
order to fix the beam radius at the target irrespective of the variation of P or / and M
or/ and C , the target must be moved to change L such that L . ( M / C ) o 2 s . ( P ) 0.47
is kept constant. For micromachining applications in saddle field ion sources [ 5 , 6 ]
in which the target is placed at a finite distance from the source , it is possible to use
an ion beam of low perveance , low atomic mass number and high number of electric
charge units in order to get a small target radius.
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A VIBRATING WIRE PARALLEL TO A HIGH
TEMPERATURE SUPERCONDUCTING SLAB
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ABSTRACT

The power losses problem for an idealized high temperature type II superconducting system of a simple geometry is studied. This system is composed of a vibrating
normal conducting wire (two wires) carrying a direct current parallel to an uniaxial
anisotropic type II superconducting slab (moving slab). First, the electromagnetic
equations governing the dynamics of this system, and its solutions are obtained.
Second, a modified anisotropic London equation is developed to study these systems in the case of the slab is moving. Third, it is found that, the power losses is
dependent on the frequency, London penetration depth, permeability, conductivity,
velocity and the distance between the normal conductors and the surfaces of the
superconducting slab. Moreover, the power losses decrease as the distance between
the normal conductors and the surfaces of the superconducting slab decreases, and
increases as the frequency, the London penetration depth, permeability, conductivity, velocity increases. These losses along the versor of the anisotropy axis increase
as A|j increases. Moreover it is greater than the" power losses along the crystal symmetry direction a. In the isotropic case as well as the slab thickness tends to infinity,
an agreement with previous results are obtained.

INTRODUCTION

It is well known that, the losses can occur in superconductors when they are
exposed to fields which steadily increase, decrease, or oscillate with time^). The
economical materials which has low losses, is very important for the application of
superconducting technology^2"5). The problem of the power losses for conventional
superconducting slab (moving slab) in the presence of dc (or ac) current has been
studied^6"10). The power losses for a system of a vibrating wire carving ac current
paraller to a high temperature superconducting planar surface has been studied^11).
Thus, it will be interesting to study the power losses of high temperature superconductors which possess strongly anisotropic type II superconducting behaviour.
In this paper we deal with the power losses of an uniaxial anisotropic type II
superconducting slab of arbitrary thickness in the presence of dc conductor. The
organization of this paper is as follows. In section 2., the model of the high temperature superconducting slab with one vibrating wire is presented. In section 3., we
present the power losses of the slab in the case of two vibrating wires. The power
losses are investigated for the system of a moving slab with one wire in section 4.
In section 5., we study the problem of a moving slab with two wires. Finally , in
section 6. we give a conclusion.
A SLAB SUBJECTED TO A VIBRATING WIRE CARRYING D C
CURRENT

Theory
Consider a vibrating filamentry straight conductor carrying a direct
current Iu parallel to a high temperature type II superconducting infinite
slab of arbitrary thickness d. The superconducting slab has permeability
£ and conductivity d. The surfaces of the slab coincides with the planes
197

a: = 0 and x = ~d. The outside medium, x > 0 and x < ~d, has a
permeability of/iQ. The straight wire is parallel to the z-axis. The position
of the wire at any instant time t is given as (see Figure 1.),
xc\ = XQ = constant,
t/ci = !/o + a s t r a l ,

(1)

where a is the amplitude and u is the angular frequency of the vibrating wire. The fields outside the slab are,

V 2 A cl = -/io/i*(* ™ xa)S{y - ycl), x > 0,

V2Ae2 = O,z<~<f

(2)

(3)

It was shown in the previous results^4-10) that, the only field that
contributes to the power losses is the London field. Thus, for the fields
inside the superconducting sample, we deal with the London field hx, =
curlAL which satisfies a time dependent anisotropic London equation.
Following Refs. 6, 11 to 14, one can write,

hL + A2|Cur/[mcuWhL] - \\yLocurl{mfid~) + (~™)2cur/(m—~) = 0,

(4)

where Ay is the London penetration depth parallel to the ab - plane, m
is the reduced effective mass tensor, p is the reduced permeability tensor,
d is the reduced conductivity tensor,

ViVk)
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(5)

*» Y

Figure 1: A vibrating wire parallel to a high temperature superconducting slab.
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(6)
€ and €i are temperature dependent. Using (5) and (6) equation (4)
may be rewritten as

4- Ajj [curlcurlhi + icnrl{v{vcurlh.i))\
A

-\\lio

dt2

dt

•f ecurl I i/(i/-

df1 '

Field solutions
Using the Fourier transformation, we have^16^ for the fields outside the
slab

Atlt = A

2T

K

2*

Re T Ln
^

n=(.

7

T

7

n=0

Mn (a, y, y0) cos ^ cos W 7

t>'< +

7nl

(8)

g"~*fI< j ^ ^ ^ y^ y Q j c 0 g ^ gj

7

o

7

-rni

(9)
and
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(7

w l >y

;

cos4sm
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Where ^ - is the angle between the external field ht and the anisotropic
axis v and 9 is the angle btween the x -axis and the anisotropic axis 1/,

i > = maa: (X}XQ))

^ (

|

, r

7

and
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(12)

\2

....

J

(14)

(^)

(15)

For the fields inside the slab, the vector potential of the London field
is given by,

= AL±ev + Amea

(17)

with
e7*0

[

A

sinh[i(x-

n=0

7 ; : - r r r ;

n

f ~)

nT,\

fie

J»L

Li''</

t°°

^ . . ^ . ^ i CO8 ^ 7

(18)

pix*
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Mn(a,y,y0)ein
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Re )

i

n

/

— — — - — - •;••• - • • — ~ — • — ! - s v a < p d ' i
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where
i n = t.eK-'+f),

(20)

(21)
Z J

and 6nis the Neumann factor defined as
1 ifn = 0
2 t'/n>0

Power losses
202

The electromagnetic power losses per unit length on the superconducting surfaces is
•00

[(E,B-)\xs-i-{E,B;)\tso]dy

(23)

-00

where the asterisk denotes the complex conjugate,

curlE =

dt

(24)

Therefore, we have,
= [Po cos2 <f> sin2 0 + A sin2 <f> cos2 $ + -P2 sin 2$ sin 20] sin 6,

?L = [Po cos2 <f> sin2 9 + Pi sin2 ^ cos2 0 + - P 2 sin 2^ sin 20] cos 0

(25)

(26)

with
00

n[Ma,G)-M<>)l.

W

n=l

where

(28)

-Ikts.

/no(/,Co) - r ^ f n O ^ h C o V n ^ o f Ko,

(29)

/.i(/,Ci)=/ ^ - ^ I K ^ A H . C O J J C - J ^ K , ,

(30)
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'00

m ' X«

mv Ay
A

(32)

•oo

(33)

(34)

1

2 n2

(35)

n -1

(36)

(l/y/2)mS

It is shown that, Fnj increases as Ay increases for the given set of the
parameters u) (JL and a. Thus the power losses for high temperature superconductors will be greater than that for conventional superconductors.
Here, we have

(38)

2 _

• so

« nwmj An2
C? \ • •'-' ,

, .
(40)

Co = 7^||

(41)

1/2

ij' 2

6

(42)

S = (^2)" 1 / 3 is the skin depth of n-th harmonic.
For isotropic suprconductors, i. e., for 9 = ?r/2 and <f> = 0, we get the
same results obtained in Ref. 9.
A SLAB BETWEEN TWO VIBRATING WIRES CARRYING DC
CURRENTS
If we consider another vibrating wire located on the other side of the
slab parallal to the first one. The position of this vibrating wire is given
at any time t by (see Figure 2.),

£c3 — i i — constant)
j/c2 = yi + bsinwt,

(43)

In this case, the vector potential A^ in the region x < -d, satisfies
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Figure 2: Vibrating of two wires near a high temperature superconducting slab.
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- xa)6(y - ya), x < -d,

(44)

which has the following solution
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V

1 + P7n0

/

(45)
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where

zT ™ m a i (z, (in 4* £i ™ ")) >

(47)

Also, in this case we have the London magnetic field takes the form,
ALL = ( — ) R e > Ln /

.

- -L: -v -

J

n=0

n=0

•

°

J°

J

^ ( l +^ )
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smhid

/J

M n (a,y, y 0 )cos

(49)

By using the Poynting vector, the power losses is given by (25) and
(26) with

n=l

n=l

For isotropic suprconductors, i. e., for $ = 7r/2 and <f> = 0, we get the
same rsults obtained in Ref. 9.
A MOVING SLAB SUBJECTED TO A VIBRATING WIRE
CARRYING DC CURRENT

Consider the problem given in section 2. with the slab has a speed V
(V is a constant) along the positive y - axis. The straight wire is parallel
to the z-axis and at any instant time t its position is given by equation
(1). Outside the slab, the vector potential equations are given by (2) and
(3),
For the fields inside the superconducting sample, we deal with the
London field which satisfies a time dependent anisotropic London equation of moving type II superconductors solid, following Refs. 6, 11 to 14,
one can write,
hi -f Ajjcur/[mcur/hJ - Ajj/i<7cuW(m/i£-7r- - V A h^)
(
G

^
at1

Thus
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)

0,

(51)

+ Ajj [curlcurlhi + ecurl(u(ucurlhi))]

(52)

Field solutions
Using the Fourier transformation, we have for the fields outside the
slab
00

A*, =

o
00

7

(a, y, y0)coB<j)cos9dy

e"< +

»00

Til

(53)
•00

y, y0) cos ^ sin

(54)

and

2/i*

^

io 7(1 + / W
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^-.(7a)

(55)

~ e~**~d~
L 7 d + / U ) Mia)
i f " ; " ' D^ \ °) in , co6MT, , < -rf (56)
where z< , x> and /^7n are given by equations (12) and (13). In this
case

f> = \~2 + T2 + (7V - nw)(u;C-2 - i/iotr),

(57)

(58)
The London penetrating vector potential field inside the slab is,

(

2r \

n=

o

^(l + ^ijsinh^d

where
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/(7a)

(61)

and en is the Neumann factor defined by (22).

Power losses
The electromagnetic power losses per unit length on the superconducting surface is given by (25) and (26) with

(63)
n=l

where

oo

/

A.

C

r

p .(\

•

/ . \ I 7"2z'
n >;"•.

I

^i

\ _ i

J

J/.

(64)

In the case of nonmoving slab, i., e., V = 0, we get the same results
that obtained in section 2. For isotropic suprconductors, i. e., for $ = n/2
and <f> = 0, we get the same results obtained in Ref. 9.
A MOVING SLAB BETWEEN TWO VIBRATING WIRES
CARRYING DC CURENTS

Consider the problem given in section 3. with the slab has a speed
V (V is a constant) along the positive y - axis. In this case, the vector
potential Ae2 satisfies (42), which has the following solution
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e7I> ( e7I< + - ^ - e "
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oo
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(66)
Also, in this case the London magnetic field takes the form,

n

00

/

Z-oo

•- , • •

: . .7 A

(6, y, yi) cos ^ 7
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p7xo

n=0

A
In this case, the power losses can be expressed as (25) and (26) with

00

00

n - 7V)Gn;(a, 0) + W(I2) }^(n - iV)Gnj(b, Q,
n=l

n=l
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(69)

where

r/;>(A,,, C

sy

In the case when the speed of the slab V tends to zero a satisfactory
agreement with the results obtained in section 3. are achieved. For
isotropic suprconductors, i. e., for $ = TT/2 and <j> = 0, we get the same
results obtained in Ref. 9.
CONCLUSION

• The power losses problem for an uniaxial anisotropic superconducting systems of a simple geometry has been studied.
t The frist system is composed of a vibrating normal conducting wire
(two vibrating wires) carrying a direct current parallel to a type II
superconducting infinite slab of arbitrary thickness has been considered.
• The second system is composed of a vibrating normal conducting
wire (two vibrating wires) carrying a direct current parallel to a
type II superconducting infinite moving slab of arbitrary thickness
has been considered.
t The electromagnetic equations governing the dynamics of these systems, and its solutions are obtained.
• The power losses on the surface of a type II superconducting slab
with small Ginzburg-Landau parameter «, due to induced vibrations
are nearly negligible. However, this losses cannot be neglected for
the slab with high K value and it represents the case of normal
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conducting slab for Ay tends to infinity. These results are in a good
agreement with that obtained in Ref. 6.
• To study the system of moving a high temperature superconducting
slab we developed a modified time dependent anisotropic London
equation for moving superconductors.
• The dependence of the power losses on the frequency, London penetrating depth, permeability, conductivity, velosity and the distance
between the wire and the slab is studied. It is shown that the power
losses is decreases as the distance between the wire and the slab,
however it is increases as the others increases.
• In the case of the slab thickness d tends to infinity, the slab geometry
tends to a semi-infinite space and our results tends to that obtained
in Ref. 6.
• For isotropic suprconductors, i. e., for $ — ?r/2 and <j> = 0, we get the
same rsults obtained in Ref. 9.
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NUMERICAL ANALYSIS OF THE MOTION
OF A SUSPENDED CHARGED PARTICLE
IN MULTI-PHASE FLOW

M.M.ABD EL KHALEK
Nuclear Research Centre , Atomic Energy Authority

ABSTRACT
The motion of a suspended charged particle in a two component fluid
through two infinite parallel plates was studied . The motion takes place
under constant magnetic field normal to the plane of the motion . The effect of
some parameters such as particle volume , fluid density , viscosity and the use
of magnetic force on the motion were investigated . The particle is assumed
initially moving from the mid point of the channel with a velocity equal to the
velocity of the fluid . The trajectory of the solid spherical suspended charged
particle is calculated by integrating the equations of motion of a single
particle . The present simulation requires some emperical parameters
concerning the collision of the particles with the wall . The differential
equations of motion were numerically solved by Runge-Kutta method . Some
conclusions about the path lines were deduced .

INTRODUCTION
The presence of solid particles in many industrial and military applications
has a deterimental effect on the performance of the components . Further as
the particles lag during high flow acceleration , they may cause deterioration
in the performance of the nozzle . In such flows , the particles may have
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concentrations as high as 40% of the total mass flow and may affect the fluid
properties considerably . In the design of industrial filters , it is necessary to
predict the particle trajectories in order to assess the efficiency of these filters
in capturing solid particles from the carrier fluid . Many gas turbine engine of
ten operate in contaminated environments . Aircraft engines , depending on
their mission , many encounter sand , dust , salt , or water droplets . Solid
particles are also ingested by gas turbine engines in ground vehicles and by
auxiliary power units . Thus the study of particulated flow is of considerable
importance in a number of fields . These studies have concentrated on the
calculations of particle trajectories in various flow systems
. One of the
most important factors in dealing with collisions is that collisions accompany
irregularity . This irregularity plays an important rule as the necessary
mechanism by which particles are conveyed in a horizontal pipe . Hence ,
much effort has been directed towards the problem of particle-wall collisions
( Matsumoto et. al ; Tsuji & Morikawa ; Tsuji et. al ' , Vittal , B.V.R. et
al. and Tsuji , Y. et. al.
) . Trajectories of individual particles were
calculated in a flow field given before hand by integrating the equations of
motion and assuming the coefficient of restitution and kinetic friction . As a
result , the behavior of particles in the pipe and the pressure drop could be
predicted satisfactorily to some extent . However , it is well known that fluid
velocity profiles are distorted by particles , even at a low volume
concentration , if the number concentration is high . Therefore improvement
of our simulation model was required so that the fluid velocity profiles could
be calculated . Such a simulation taking into account the interaction between
local fluid velocity and particle motion , has already been attempted by Durst
(9)

et al. for vertical pipe flow though they ignored particle wall collisions .
regarding the collision between particles and the wall , " the virtual wall
model " was used in addition to the ordinary relation of the collision between
spherical particles and a wall Tsuji et al. proposed this model to enable
spherical particles to continue to bounce on the horizontal wall under the
influence of gravity .
In this work we are interested in the study the trajectory of a solid spherical
suspended particle in a two component fluid in an infinite channel . The How
tekes place in an infinite channel under constant magnetic field normal to the
plane of the motion . The particle is assumed initially moving from the mid
point of the channel with a velocity equal to the velocity of the fluid , the
velocity of such fluid is considered satisfying Rakhmatolin equation for
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multiphase fluids . The effect of some parameters such as particle volume ,
fluid density , fluid viacosity and magnetic force on the path lines are also
investigated .

wall

y.

particle trajectory

Figure(l)

BASIC EQUATIONS
Consider a mixture consisting of a fluid and suspended in it solid particles
. The fluid is placed between two plates , one is fixed and is taken as the Xaxis and the other is at a distance h from the first and is moving with constant
velocity Uo (Fig.(l)) . Let the solid particles phase has the velocity ux and
fluid phase has the velocity un , and let the prosities and densities of the
phases be considered constants . The steady motion of phases between the
two-plates can be described by the equations :
d'u.

CO
dp

(2)

dy

dx

— N — constant
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Under the boundary conditions
at y = 0 ,it 1 = u 2 = 0

(3)

at y = /i , ixI = u2 = £/"0

if

(4)

tx, = ix o «\ , « 2 = ti o t£' 2 , y = hy

Then equations (1,2) under the boundary conditions (3,4) will be
2

-jrfr + 0(u\ - u\) = 7TT7
T

at y1 = 0

,

ti\ =wm2 = 0

(7)

at y = 1

,

u \ = tt\ = 1

(8)

where ,/J = j ^ , /T = g
We consider /3 is a small quantity , such that (3 « 1 , and take
(0)

(1)

. /a
H

i

i

^

(0)

(i)

2

2

The system of equations (5,6) under the conditions (7,8) has the solution
2
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f

0
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I

u

- > ) y (»'(» - 2 ) +1] (9)

\ = r n r i y * 2 - v l+ y ~ !ikir~(7r ~ 7 r ) y { y ( y
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- 2 )+ i ] ( i o )

The equation of motion of one solid particle suspended in a fluid was given
by Closkin N.A. in the form ,
p eft

-7V~P

r

f

/ s

v

j

\

i

\

f

— grad p

(11)

where ,
p : is the particle's density , p : is the density of the fluid, c
: is the particle velocity , ul: is the fluid velocity , p: is the pressure , g : is the
gravitational acceleration which is vertical, kv\ is the resistance coefficient of
motion in viscous fluid and A: : is the so called the form coefficient.
Introducing non-dimensional quantities defined by
,

,

,

iL ,

,

(12)
By substitution from eq. (12) in eq.(l 1) and dropping dashes we get,
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Equations (13-16) are a system of differential equations which can be
solved using the method of fourth order Runge-Kutta method ,
where ,a, =
'ae ~

' a 2 ~ 241/ » a 3 ~ \Jt

2 /7u

2W >ai ~ 7 ^ ' a c ™ ™~"^ :

a

J T / » a / ~ ,7 # >

Parameter

a

5 ~ 2/TTT

dependent on the fluid

viscosity , a,A = —% : a parameter dependent on the shape of the particle ,
PpU

a^

~ ( 0.0) :
2

r,, ~~

Pp-pf

a

parameter dependent on the magnetic force , and

~pf

fp

1—_i . a parameter dependent on the fluid density .

NUMERICAL SOLUTIONS AND
CONCLUSION
The dependence on fluid viscosity :-

Here we solve the differential equations of motion for the cases where
(ay = .001, .05, .35 and 1) with the following initial conditions
x = 0,y=:.5y
cx = .489 , cy = 0, T = 0, ad = .00554, a, = .01, a2 = .01,
avh ~ .4, aH — .02, a 3 = .09, a4 = .25 a5 = .01, a6 ~ .01, a7 = .4 ,
solution is shown graphically in figure (2) . As conclusion , the results show
that when ( av) is decreased :
(1) The motion of the particle is oscillatory .
(2) The width and maximum height are increased .
(3) The number of collisions with the upper and the lower plates is increased
Moreover as the value of the parameter a /is increased :
(1) The motion of the particle is directed downward and the particle collides
with the lower plate only .
(2) The number of collision with the lower plate is decreased and the particle
does not collide with the upper plate .
(3) The width and maximum height are decreased .
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The dependence on fluid density:-

Here we solve the differential equations of motion for the cases where
(ad — .0055, .0065 and . 1) with the following initial conditions x = 0
, y = .5, cx = .489, cy - 0, T = 0, a. = .35, a, = .01, a2 = .01,a5/i = .4,
«„ = .02, a3 = .09, a4 = .25 a s = .01, a6 = .01
, a. = .4 , solution is shown graphically in figure ( 3 ) .As conclusion , the
results show that when ( ad) is decreased :
(1) The motion of the particle is directed downward , the particle collides
with the lower plate only and does not collide with the'upper plate .
(2) The number of collisions with the lower plate is increased .
(3) The width and maximum height are decreased .
And as the value of the parameter a6 is increased slowly :
(1) The motion of the particle is oscillatory .
(2) The number of collisions with the upper and the lower plates is infinite .
(3) The width and maximum height are increased .
Moreover as the value of the parameter ad more increased :
(1) The motion of the particle is directed upward only .
(2) The number of collisions with the upper plate is increased .
(3) The particle does not collide with the lower plate .
(4) The width is decreased and the maximum height is increased .

The dependence on The Magnetic Force:-

Here we solve the differential equations of motion for the cases where
(aH — .001, .1 and .5) with the following initial conditions
x = 0 , y = .5, cx = .489 , ctj = 0 , T = 0, a.. = .35, a, = .01,
a2 = .01, a,, = .4, a, = .00554, a 3 = .09, a, = .25
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a, = .01, a6 = .01, a7 — .4 .solution is shown graphically in figure (4 )
As conclusion , the results show that when ( aH) is decreased :
(1) The motion of the particle is directed downward .
(2) The number of collisions with the lower plate is increased .
(3) The width and maximum height are increased .
Moreover as the value of the parameter aH is increased :
(1) The motion of the particle is directed downward .
(2) The width and maximum height are decreased .
(3) The number of collisions with the lower plate is decreased .
(4) The particle does not collide the upper plate .

The dependence on The Shape Of The Particle:-

Here we solve the differential equations of motion for the cases where
(a,h = .001, .1 and .7) with the following initial conditions
x = 0 , ^ . 5 , c r = : .489 , cy = 0 , T = 0, a, = .35, a, = .01
, a , = .01,0,, = .4,0, = .00556, a 3 = .09, a, = .25
a5 = .01, a6 — .01, a7 = .4 , solution is shown graphically in figure (5) . As
conclusion , the results show that when ( afh) is decreased :
(1) The motion of the particle is directed downward .
(2) The number of collisions with the lower plate is decreased .
(3) The width and maximum height are decreased .
When the value of the parameter amfi is increased :
(1) The motion of the particle is oscillatory .
(2) The number of collisions with the upper plate and lower plate is increased
(3) The width and maximum height are increased
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MOTION OF A SUSPENDED CHARGED
PARTICLE IN A NON-NEWTONIAN FLUID

M.M.ABD EL KHALEK
Nuclear Research Centre - Atomic Energy Authority

ABSTRACT
The path lines of a solid spherical charged particle suspended in a nonNewtonian electrical conducting viscous fluid through two infinite parallel
plates in the presence of a constant magnetic field normal to the plane of
particle motion were determined . The effect of some parameters such as
particle volume , fluid density , fluid viscosity and the used magnetic field
strength on these path lines were determined . The present solution requires
some emperical parameters concerning the collision of the particles with the
wall . The differential equations of motion were numerically solved by
Runge-Kutta method . Some conclusions about width , maximum height, and
number of collisions with upper and lower plates were deduced .

INTRODUCTION
Flow of a liquid containing suspended , solid particles is a common
occurence in natural and industrial processing environments. Examples are
blood flow , transport of slurries , movement of sediments in a river bed , and
ceramics and advanced composities manufacturing . Understanding the
rheological properties of these materials poses a challenging theoretical and
numerical problem , principally because of long range , many body
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hydrodynamic interactions between suspended particles . Most numerical
methods for treating suspensions are restricted to Stokes' flow .
The review summarizes use of a collocation metliQd by Weinbaum and
his coworkers . They calculate velocity and drag coefficient for a small
number of rigid spheres suspended in a fluid . Brady's Stokesian1281 a
molecular-dynamics-like approach to simulating the motion of
hydrodynamically interacting , rigid particles at zero Reynolds number .
Ingber
and Tran-Cong & Phan-Thien use the boundary element method
for suspensions of rigid particles in Stokes flow , particles can be any size or
shape . This method is capable of providing highly accurate details of flows
with suspended particles but is currently impractical for studying concentrated
suspensions since it is computationally intensive .
Deborah Sulsky and
J.U. Brackbill
have also describe a new numerical method for studying a
bounded fluid containing suspended particles . It is based on Peskin's1'31
treatment of the heart wall , an immersed moving boundary in his numerical
study of fluid flow in the human heart .
A comprehensive review which
highlights the interconnections between the collocation method , boundary
(141

element , and Stokesian dynamics is in Weinbaum . The problem of
computing Stokes flow interactions among randomly placed particles has
been treated by a jiumber of investigators
. A method for computing
Stokes flow interactions in suspensions of spherical objects was described in
detail and applied to the suspensions of porous particles , drops and bubbles
to determine their hydrodynamic transport coefficient by Guobiao Mo and
Ashok S. Sangani
.
Hua Zhou and C. Pozrikidis
propose a
computational framework for studying the of ordered and random suspensions
of two dimensional deformable particles in channels . Specifically , they
consider a model configuration which consists of a suspension of viscous
drops with periodic structure flowing between two parallel plates in a couette
flow device . Each flow cell contains one or more suspended drops which are
arranged in an ordered or random fashion . The main goal is to describe the
salient features of the transient and asymptotic motion by carrying out
dynamic simulation similar to those performed by Brady and coworkers of
monolayered suspensions of spherical rigid particles .
In this work we are interested to study the trajectory of a solid spherical
suspended particle in a non-Newtonian fluid moving in an infinite channel
under constant magnetic field normal to the plane of the motion . The particle
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is assumed initially moving from the mid point of the channel with a velocity
equal to the velocity of the fluid , considering the collisions of the particle
with the plates of the channel . The effect of some parameters such as particle
volume , fluid density , fluid viscosity and magnetic fqrce on the path lines are
also investigated .

BASIC EQUATIONS
We consider a plane steady laminar flow of n- power non-Newtonian
electrically conducting fluid of constant viscosity and constant electrical
conductivity between two parallel plates in the x-direction . Also , we
consider that there is a small external magnetic field Ho in the Y-direction .
The upper plate is at Y=h and is moving with a speed Uo in the X-direction
while the lower plate is at rest at y-0 . For a Newtonian fluid the continuity
equation and the equation of motion are

(2)
0=

-%+aB.uB,
%

(3)

0 = - ff

(4)

The induced magnetic field Hx may be determined from

%

= - aBQu

(5)

The energy equation is

pcvfy = t f 0 + ^ )

2

+ *2*y
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(6)

and the boundary conditions are
u(0) = 0, T(0) = Tw , H,(0) = 5,(0) = 0,
r , ( l + z)

(7)

Introducing non-dimensional quantities defined by
,v-Uov,

By substitution from eq.(8) in eqs (2,3,5,6 and 7) , we get after dropping
dashes

& = R R,,uH
RnuH
II
H

ay

a
o

dH

~R^

...

IT

=

_

(10)
v

xx

CO

_ VUT = _

R

'

f,«j»y"

, H\h

(n)

With the boundary conditions
u(0) = 0, T(0) = 1, H,{0) = 0 , «(1) = 1, T(l) = l + i

(13)

where , Rn = £finU ", is the Reynolds number of the non-Newtonian
2
2

(T.0

2
r»-f-l

fluid,// = —-^-/i
n
C O

[/

/i
U

1— n

A'o

: is

its

Hartmann

number,

0

n-l

,p n = -££-(-^L)

RH = -^-T"

pU

H.H2

'

: is Prandtl number , Ho = -^-f : is the magnetic
0

Reynolds number .
f|=ae

(14)

where , a : is a constant .To solve equation (9), we consider
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u = u0 + eu{

(15)

Where terms of O(e ) and higher orders may be neglected . Substituting
from (14,15) into (9,13) and equating terms free of e in both sides of the
resulting equations , after some simple calculations , we get

«,((>) = 0
, «,(!) = 1
(17)
Equating terms containing t in both sides of the same equations , we get

u I (0) = u,(l) = 0

(19)

Integrating Equations (16,18) under boundary conditions (17,19) gives
«,(!/) = V

(20)

^
Then

u(y) = C/o +

(21)
eU|

= y + e « ^ [ o ( » + 1) + 3] (22)

The equation of motion of one solid particle suspended in a fluid was given
by Closkin N.A. [28]in the form
Pvlk

= ~ 9(PP ~ P/) / - K(c" -

u

~*) + ^ ( ^ -

- lie Hi)

c

)

rot

u

(23)

where , pp : is the particle's density , p : is the density of the fluid , c :
is the particles velocity , u: is the fluid velocity , p: is the pressure , g : is the
gravitational acceleration which is vertical, k^: is the resistance coefficient of
motion in viscous fluid and k : is the so called the form coefficient.
Introducing non-dimensional quantities defined by :
u = Uou , y = hy ,t = ^t\

cx = uocx\ cy = u o c/
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(24)

By substitution from eqs.(24,22) in eq.(23) and dropping dashes we get,
dx

dt

- c

(25)

dy
dt

(26)

a,{hy + £i[ali3y3 + 3/i2y2 - hy(a + 3)]} +
2 2
y + 6hy - (a + 3)]} - a;;cv (27)
cv, -~ a c -\- a~{hy •+• ™r~\ah y 4- 3/i v — hy(a + 3)1!

{1 + ^-[3ah-y +. 6hy — (a + 3)]} — aikct{l + £-[3ah'
y2 + 6hy - (a + 3)]} - aHcx
"(28)
where , av — - 1 - 1 : a parameter dependent on the fluid viscosity ,
P 9

kU

5

ath = —^ :

a parameter dependent on the shape of the particle ,

Pp9

ad = (1
^), a parameter dependent on the fluid density ,au = ° °, a
parameter dependent on the magnetic field ,a,=-^,a 2 = ~^™ .Equations (25r p&

y Pp

28) are a system of differential equations , that can be solved using the
technique of fourth order Runge-Kutta method .

NUMERICAL SOLUTION AND RESULTS
The dependence on the fluid density:-

Here we solve the differential equations of motion for the cases where
ad = .064, .067, .0804, and .092 with the following initial conditions
x = 0, y = .5, cx = .46875 , c = 0, T = 0, aw = .2174 , a, = .4638,

a2 = .4638, a9h = .2174, aH = .02, e = .1, h = 1, a = 2 and n = .8 . The
solution is shown graphically in figure (1) . As conclusion , the results show
that when (ad) is decreased :
(1) The motion of the particle is directed upward , it collides with the upper
plate , reverses its direction and then collides with the lower plate .
(2) The width and maximum height are increased .
(3) The number of collisions with the upper plate is increased and the number
of collisions with the lower plate is decreased .

The dependence on the fluid viscosity :-

Here we solve the differential equations of motion for the cases where
av = .15, .239158, .5195 and 1.0 with the following initial conditions
x = 0, y = .5, cx = .46875 , cy = 0, T = 0, ad = .076
, OLX = .5102, a2 == .4638, a;h = .2174, aH = .01, e = .1, h = 1, a = 2 and
n = .8 . The solution is shown graphically in figure (2) . As conclusion , the
results show that when (a ) is increased :
(1) The motion of the particle is directed upward , it collides with the upper
plate , then reverses its direction and collides with the lower plate .
(2) The maximum height is increased and the width is decreased .
(3) The number of collisions with the upper plate is increased and the number
of collisions with the lower plate is decreased .
(4) When the value of the parameter av which depends on fluid viscosity
more and more increases , the particle moves upward and collides with the
upper plate many times at different places untill it losses its motion .

The dependence on the shape of the particle:-

Here we solve the differential equations of motion for the cases where
a9h = .02174, .15, .2174 and .3174 with the following initial conditions
x - 0, y = .5, cx = .46875 , cy = 0, T = 0, ad = .076 , cv, = .5102,
a, = .4638, OLV = .239158, aH - .01, e = .1, h = 1, a = 2 and n = .8 . The
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solution is shown graphically in Figure (3) . As conclusion , the results show
that when (o,J is decreased :
(1) The motion of the particle is directed upward .
(2) The width and maximum height are increased .
(3) The number of collisions with the upper plate is increased and the number
of collisions with the lower plate is decreased .

The dependence on the magnetic force :-

Here we solve the differential equations of motion for the cases where
a,, = .0001, .01, .02 and .1 with the following initial conditions x — 0,
y = .5, cx = .46875 , cy = 0, T = 0, ad = .076 , a, = .5102, a2 = .4638,
a, = .239158, ot9h = .2174, e = .1, h = 1, a = 2 and n = .8 . The solution is
shown graphically in figure (4) . As conclusion , the results show that when
(a w ) is decreased :
(1) The motion of the particle is directed upward , collides with the upper
plate , then reverses its direction and collides with the lower plate .
(2) The width and maximum height are increased .
(3) The number of collisions with the upper plate is increased and the number
of collisions with the lower plate is decreased .
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Cairo - Egypt

ABSTRACT
In the collisional hot plasma, the solution of the kinetic wave equation in
cylindrical plasma will be obtained. The form of the dielectric, conductivity and
polarizability tensors are derived for a nonrelativistic and relativistic - beam plasma
interaction in the kinetic theory. Coulomb collisions between the identical particles
are taken into consideration.
Our results are compared with that for nonrelativistic and collisionless cases.
Besides, these results may be of good relevance to various applications in the field of
beam - plasma interaction.

INTRODUCTION
Most beam - plasma interaction theories may be categorized ( e.g., (l>2) ) as
either fluid or kinetic model. The former, derived from one of several possible sets
of fluid equations, offer the advantage of relative mathematical simplicity but are
limited to relativity long wavelength plasma phenomena. The latter category is
derived from a kinetic equation and, although mathematically more involved, is
necessary to describe properly plasma instabilities with wavelengths of the order of or
shorter than the ion gyroradius . The importance of these short wavelength modes lies
in their potential contribution to wave - particle transport ( e.g., (3) ) and its
possible effects on large - scale plasma structure ( e.g., (4) ). In order to study these
and other kinetic effects, it is necessary to start from the kinetic equation ( e.g., the
Vlasov equation ) and use it to obtain the dielectric permittivity tensor for a plasma
in a magnetic field, and then to use it to study the propagation of waves in a magneto
- active plasma, taking the thermal motion of electrons and ions into account.
Furthermore, calculation of the dielectric tensor would be highly useful for
calculating the oscillations and the stability of an inhomogeneous plasma (1). If the
dielectric tensor is known, the problem of oscillations reduces to the derivation of

the Maxwellian equations, in this case there is no need to derive every time the
equations of the motion of charged particles. The properties of the plasma, specially
those connected to its instability, may be equally well specified through the
permittivity as through the conductivity. In addition, the features of plasma
instabilities and the plasma dielectric tensors are essentially affected by the
presence of collision.
Coulomb collisions (C.C.) are very important in the process of non-linear saturation
of some plasma instabilities ( e.g., ion cyclotron instability ) . For C.C , two basic
properties are considered; (i) the cross section decreases rapidly as the particle
velocity increases, (ii) the dominate contribution arises from a cumulative effect of
small - angle scattering or small - momentum transfer processes. If allowance is made
for coulomb collisions to derive the kinetic wave equations in a homogeneous
plasma, it will remove the divergences in the matrix elements describing nonlinear
wave interactions (5).
In this paper, we study the collisional kinetic wave equation in cylindrical hot
plasma. We solve the collisional wave equation before and after the beam velocity
reaches a relativistic approximation. We derive in both cases the dielectric and
polarizability tensors elements which describes the interaction of the beam and
magnetized plasma, taking into account the effect of pair Coulomb collisions.
The present analysis is based on the nonrelativistic and relativistic linearized
kinetic equations. We assume that the plasma is immersed in a constant magnetic field
directed along z - direction . The plasma is assumed to be fully ionized, and the ions
are taken to form a positively charged neutralizing background .

The nonrelativistic Kinetic Theory
With Coulomb Collisions
The behavior of the particles in a plasma is determined by their distribution
function fa(ftV,t),
where a is the particle species (electron or ion). This function
specifies the number of particles that are situated at time t in an element of unit
volume near point f and have velocities in a unit interval near V. The distribution
function satisfies the Boltzmann (kinetic) equation (5 6>7) :

dt

ma

The change in fa

dV

c

dt

due to collisions, (—^s-)c , for Coulomb collisions between the

dt
identical particles in the plasma media, is represented by (6>7) :

d t

ma

d

-?'\

[3]

The remaining notations in equations [1] and [2] are as follows : ea and ma are
the charge and mass of the particles; c is the velocity of light; E and B are the electric
and magnetic fields, respectively, L is the so called Coulomb logarithm, ti0 is the
unperturbed density and the indices / and k assume the values x, y, z, and a may
represent plasma electrons or ions or beam electrons.
The fields E and B satisfy Maxwell's equations and the relations for charge and
current densities. From now and in what follows the subscript a will be omitted.
Let us divide the distribution function f(rtV,t)
into background fo(V) and
oscillating f{f,V,t)
parts as :

Also, we expand the magnetic field field B(r,t) as :
B(fJ) = B0{f) + B(r,t)
where, B(F) and B{r ,t) are the applied and oscillating magnetic field .

[5]

The coordinate system (cylindrical coordinate in velocity space) of the model
is shown in fig. 1 . The propagation vector k lies in the x - z plane. The applied
magnetic field is along the z-axis and the induced velocity vector V is orientated at
an arbitrary vector along the coordinate axes. The k and V vectors are :
k =(k1,0,k^ ) , F = (v i cos^,v i sin £ Vj )
where:
vL = v sin 6 , v. =vcos#

[6]
[7]

and v = V . The suffices II and L refer to components parallel and perpendicular to
the applied magnetic field.
Due to a small disturbance / from the equilibrium function f0 (f « / 0 ) the
kinetic equation is linearized to have the form :

Ot

df

m 6V

me

dV

me

6V

where;
\6n2eALnQ .
_ _. .
... . r
,
e Bo . ,
A
T^- ° is a sort of Krook - type collision form, and coc = — - is the
m wc
me
gyrofrequency.

Fig. 1.: Coordinate system used in kinetic theory of the plasma

We should mention here that fo(V) will be taken to be a Maxwellian distribution
which satisfies equation [2].
Using Fourier - Laplace's transformations:

i(kJ-wt))dr.dt

[9]

o)

[10]

We can rewrite equation [8] as:

c

d<j> L
m dV
where / * is the image of function / , and

me

dV

m
The quantities f\E* and B* depend on the wave - frequency co and wave - vector k,
while / is defined by the relation :

Equation [11] is a differential equation of the first order with respect to the variable
<t> and its solution may have the form:

r* co-k.V'~iBL
f =exp[-/|
cuc

where, V' and V" represent a coordinate systems (VL,<f>',Vt )

and (VL,<t>",Vy )

respectively. Expression [14] allows us to calculate the plasma current density:
[15]
From Maxwell's equations and equation [4] we find :

-\^-^^\VfdV = 0
c1 dt1 c2 dt*

[16]

which after applying Fourier - Laplace's transformations will take the form :
k(k.E )~k2E

-[—fE

+~—-j—JV/

dV =

„„

where :
E = (2^r)-4[ p £ e x p ( - / ( * . f - a; /)) ^ K " = -

£(

*'K>0)

[18]

The function / * must satisfy the condition of periodicity : f*(4>) = f*(#+2n).
It
is not difficult to see that this condition is satisfied if in calculating the integral in
the right - hand side of expression [14] we put only the upper limit and omit the
lower limit <fi0 ~ 0 . So, on substituting / " from [14] into [17], we get :
)-k2E

k{k.E

- [ • — ] £ +[
c

mcco

—].\VdV.exp[-i\
\
p
\
c

dV)

J

V

= S(k,(D)
where S (k,a>)
following form :
[N2(Zl

Xs•-$,)

>«

Jo

L

[

d </>'

coc

coc

f J

[19]
is determined by the initial disturbance, it can be presented in the

+ * „ ] £ ; = [ ^ ] 2 ^ , (k,a>)

[20]

kc
k
where : A^ = — is the refractive index, x~ ~~ ls t n e u n i t vector along the direction of
co
k
the wave propagation and ei} is the dielectric tensor . From [20] ei} can be
calculated . Knowing the tensor etJ , we can use it to calculate the conductivity tensor
ai} through the following relation :

Furthermore , it is easy now to obtain the polarizability tensor ffi through the
following relation :
CO

2UT

Which represent the tensor for the particles o f kind a ( a = e , i ) o f a plasma located
in a magnetic field o r for a beam ( a - b ) . Thus for example )ff will have the form :

[23]

Where:
A-, v, - tf>

R —

coc

a)c

, j
4 nel n
and co pa We can conclude that:
-/*) _. __ v (a)
X1 2 ~ /C 2 1

v (a) _
» /C | 3 ~

v (a) nt.J
X) I " " "

v (a)

_, _
A23 ~

For the case of an axisymmetric nonrelativistic kinetic theory with relaxation
term:

the Vlasov - Boltzmann equation will have the form:

^L
at

+

K . ^ + - ^ ( £ +I[KB])4§L =- > ' ( A - / J
or

ma

c

[25]

oV

Following the same procedure as before, we can derive the polarizability
tensor ^
yields the same relation as [23] with second term on R.H.S. equal to
zero and b2 replacing b, , where b2~b~~~~,

hence:

The equilibrium velocity distribution function for a certain class of particles a is
chosen in the following form:

2 U8

The velocity V^ here is directed along the external magnetic field Bo (z- axis) , where
T
T
c* = — and Cj2 = ~L ; TL and T. are perpendicular and parallel
respectively, noa is the equilibrium particle density and ma is its mass.

temperature

For longitudinal oscillations, one can calculate the polarizability tensor x^ f ° r
plasma with the above distribution. Thus for example /^ will have the form:

Xw -

a <\7TG)

JU »=-•

{O)~nCOc

a

+IV)
a

The modified Bessel's function In(ju) depends on the argument

k2c2
~

x

1

a]

The Dielectric Tensor For Relativistic
Beam - Plasma Interaction
If the beam velocity reaches a relativistic approximation, then it is necessary to use
the relativistic kinetic equation to obtain the dielectric tensor for the beam of gyrating
particles.
The relativistic collisional kinetic equation is given by :

Ot

or

where p-m

c

V ~mOa V[\

dp

V2
—]
c

l/2

[29]

dt

is the momentum of the particle with rest mass

The Coulomb collisions between the identical particles in the plasma media for
large velocities, have the form (8l9) :
(.££.)
dt

= l n e\Ln°{%nfi+m>aJlL-.-lv-}
ma

dp, dpk

•

[30]

dp, dpk

/9 f

y/ : is the oscillations potential, while (—^s~)e as in the previous section, describes the
dt

evaluation of the velocity distribution of the a th_.species as a result of their collision
with each other and with other particles .

2^

Using the same methods applied for the nonrelativistic kinetic equation, used in
the previous section, we can obtain the polarizability tensor $* . Thus for example
xffl can be written as :

y \p\dp.dp..

a2 (b2+n)

co

Here ,

D

= ..

11

where ,

d /LO g

( •

c2k. p.

fi

' ' 1i

£ -[mlacA

+c2p2]vl
,

CO,

d fn

CO

c2k. p.

* *]

is the energy of a particle of rest mass , mOa ,

Jfc
m _c

b -

A:, F, -co

co

co

m
Oa

co.

11/2
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'Oa

/7Oa is the density of the beam particles of a type a in the laboratory system of reference
The summation over a in [31] holds for all types of particles in the beam and in
the plasma . The integration over V. is carried out over a contour which goes from
- 00 to +oo, traversing the singularity F. ~(CD-?I

Q)c)/k. , from below if L >Oand

from above if k« < 0 .
n

The tensor yf"} can be written in the form :

!? = *!?+*!?
where : x^/

ls t n e

P2]
polarizability tensor for the plasma and $]

We can conclude that
(a)

- -v(a)

v(a) - v(a)

v(a) ~ - v(a)
/C23
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is that due to the beam .

Conclusion
The kinetic wave equation which describes the beam-plasma system is solved
taking into consideration the effect of pair Coulomb collision .'Expressions for the
dielectric and polarizability tensors elements which describe the non-relativistic and
relativistic beam magneto-active plasma are obtained . In absence of collisions a
plateau is formed on the distribution function and the absorption of the energy by
the plasma stops. The use of Fourier transform by velocities of the Boltzmann
kinetic equation enables us to simplify considerably the form of Coulomb collision
and in turn we could find a relatively simple form of the matrix elements . In addition,
taking into consideration the Coulomb collisions, this removes the divergence in the
matrix elements which describes the nonlinear wave interactions .
Our results could be of good use to describe in the kinetic theory the system of
beam-plasma instabilities for which Coulomb collisions are very important; for
example (i) instabilities excited in hot plasma by a cold beam of electrons, and (ii)
nonlinear saturation of ion cyclotron instability in magneto-active plasma with axial
current . These studies will be investigated in due course .
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ABSTRACT
The equation V x B = } i B which describes the relaxed toroidal
plasmas to a force-free configuration of minimum energy, is considered. The
zero-field eigenvalues u, of this equation satisfy the the boundary condition
B . n =0
(i.e., the magnetic field B is everywhere tangential to the
boundary ) are calculated numerically for axisymmetric toroids of arbitrary
sharp edges boundaries and arbitrary aspect-ratio.

INTRODUCTION
In the toroidal plasma system the relaxed states satisfies [1,2]:

V x B =n B,

V^O

(1)

Equation (1) arises an importance and interest in the field of fusion [3,4].
For example, its solution are perceived to describe the gross features of the
reversed field pinch (RFP), spheromak configuration, current limitation in
toroidal plasmas and others. Two parameters are determining the relaxed
state for toroidal system with a perfectly conducting boundary [1]. Firstly , is
the magnetic helicity (gauge invariant)

K^$A.

BdT,

(2)

and secondly is the toroidal flux \\J . Also, it is very important to know the
parameter j i since in relaxed states it cannot exceed the smallest
eigenvalue \imin and that for a toroidal discharge there is a maximum
toroidal current which is connected to this value, ^i and the normalized field
profile are determined by the dimensionless ratio Kl^p\±

[5]. The value of

varies continuously with this ratio but it is always below the lowest

eigenvalue

\imln

of equation (1). This lowest eigenvalue satisfies the

boundary condition
B . n=0 ,

(3)

for which the toroidal flux \j/ vanishes.

252

Solutions of equations (1) and (3) seems to be difficult in toroidal
coordinates. Therefore.the force-free magnetic field boundary value problem
has been solved in the toroidal coordinates using approximate analytical
methods, considering a large, but finite, aspect ratio [6,7]. Toroidal forcefree equilibrium has been also considered precisely for tori of rectangluare
cross-section and finite aspect ratio , and for more general boundaries in the
infinite aspect ratio ( a = R/a) limit [3,7].
Eigenvalues associated with relaxed force-free toroidal plasmas are
calculated for toroids of arbitrary aspect-ratio and arbitrary curved cross
section (e.g., ellipse, cassini and D-shaped) [8]. The results obtained in this
case are in agreement with that obtained previously

for circular cross

section in the limit when the aspect-ratio has a very large value [ 4 ] .
The aim of present work is to prove the applicability of the new numerical
methods used in references

[8,9] for calculating the eigenvalues [i for

toroidal plasmas have sharp edged boundaries and arbitrary aspect ratio.
The lowest eigenvalue j i m / n which satisfy the boundary condition ( 3 ) , for
which

the toroidal flux is vanishes, are calculated. These eigenvalues are

correspon-ding to the zero field eigenvalues of equation (1).

RELAXED STATES SOLUTIONS FOR AXISYMMETRIC
PLASMAS
To find the solution of equation (1) for axisymmetric plasmas , we follow
the same methods as per reference [8] , and use cylidrical coordinates
(r,(/f,z).

In toroidal container, and for finite aspect ratio , the periodicity

condition is expressed as

B(r,<f>,z) = B(r,<fr2ft,Z)

.

Assuming also, a

seperation of variables as F ( r , # Z ) = f(r) exp i(m</>+ kz),

we can obtain

from (1) the following expressions for the magnetic field components

i(m/r) B z - * B^j = \x Br

(4)

ikBr

(5)

- f5B z /Sr) = u. Bj,

(1/r) (d/8r)(rB^)

- i(m/r) Br = \i B z

.

(6)

Also, from (3) , we obtain the following differential equation for the
magnetic field lines
-

B z (r,z)

s

rj

(7)
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Equation (7) is obtained under the condition that the meridional crosssection in the r,Z plane of the toroidal metallic vessel wall is described by
arbitrary curve z(r) along which equation (3) is satisfied, also.the field lines
are tangential to this curve. Later, this curve will be represented by a set of
points Tj ,Z\ which lay on the sharp edged boundaries.
From (4)-(6), the magnetic field components for axisymmetric toroidal
plasmas are given by [ 8 ] :

B r (r,z) - E ki sin(kiz) [ a/ J , far) + blY^far)]

(8)

Bz (r,z) = I K / cos(kiz) [ aiJofar) + biYofar)
\XiCos(kjz)[
is carried out over / (/ = 1 up to / = N); J o , J i are Bessel
functions • i n , Y-j are Neumann functions ; a / , 6/ are constant coefficients
and K/ = ( | i 2 . fy2 )1/2.
It should be mentioned here that, for the case of a straight cylinder (or for
infinite aspect ratio of toroidal plasma [3]), the coefficient b\ goes to zero,
since the Neumann functions are singular for r = 0. On the otherhand, for
finite aspect ratio, as in our case, one has to keep these functions.
Inserting (4), (6) into (7), then integration of (7) yields

rB^=C

(11)

Equation (11) describes the magnetic field lines ( along which the normal
component of the magnetic field vanishes ).

On a wall made of perfect

conductor, the normal component of B vanishes too.

When the constant

C = 0, equation (11) will coincide with the zero field condition , which in this
case will have the form :

S r \x cos(kiz) [ a^ifar)

+ biY^far) ] = 0

(i2)

NUMERICAL METHOD
The boundary condition (12) represents N homogeneous equations,
each have two partial coefficients a / , 6/ (i.e., altogether 2N coefficients).
These equations should be satisfied for continuously varying rand Z along
any arbitrary curve z(t). The method used is to consider a finite number of
points P (collocation points r\ and Z\ )

for which it is assumed that the

boundary condition (12) is satisfied. The accuracy of the result apparently
depends on P. For fixed P , it is assumed that the accuracy is also
constant. Instead of solving the transcedental system (12), according with
experience with numerical approximation [9,10] it is easier to choose
arbitrary but evently distributed values of wave numbers k\ between zero
and a guess for eigenvlaues \X (in order to ensure real values of K/ ).
Later,

we shall show that for arbitrary different values of k\ in the range 0 -

( I ,the eigenvlaues are not changing.
Now, we have 2/V +1 unknowns (namely B\, £>/ and ]X ) and 2/V linear
homogeneous algebric equations, the vanshing of their determinant yields
the lowest eigenvalue.

Then, we may choose one coefficient with known

value, e.g., a-j=1, and one equation is omitted. Accordingly, the remaining
2N +1 inhomogeneous algebric equations can be solved for the 2/V -1
unknowns ( 82 , £3 ,
, # N -^ 1 .
^N ) • The fixed number P of
collocation points determine the number

N of partial solutions through

N = P/2.
The above method is successfully applied to tori of arbitrary curved
meridional cross sections and arbitrary aspect ratio [8].

EIGENVALUES FOR ARBITRARY SHARP EDGED
CROSS-SECTION
Let us consider now toroidal plasmas with cross-sections have sharp
edges.
We investigate first the case of rectangle cross-section, the
eigenvalue of which could be calculated exactly by analytical method. It is of
interest to check by this example the agreement of analytic solutions with
that obtained by using the numerical method [8].
Now, for rectangular cross-section of dimension 2a x 2b ( a ; b are some
sort of minor radii of the torus ), the boundary condition (12) reads :

cos(kiZi)[a^^ri) + b^Y^rj]

^0

Equation (13) is satisfied for Z/ = + b and r, = R + a ; R - a .

(13)
This yields

/(-] = 71 /2b and a system of two homogeneous equations in three unknowns
a-j , £>1 and JI the vanishing of its determinant yields the following condition
for j i :

J^(x)Y^xx) - Ji(\x)Y^x) -0
where,

X ^ K i( R - a ) ,

X = ( R+ a ) / ( R - a )
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(14)

F o r a = 1 , b = 1.5 and a = 1.5 ; the corresponding zero of equation(14) is
at

X = 0.84714 and we obtain eigenvalue jia = 1.989648.

For large

aspect ratio a = 9 , u.3 = 1.89072 .
From the numerical method explained above, using the boundary
condition (12) for 6 modes (i.e., /V = 6 , */ = 0.1, 0.3, 0.5, 0.6, 0.7, 0.9 ), we
obtain u.a = 1.99755 (for a=1.5 ) and jia = 1.89072 (for a = 9 ).
It is
clear that numerical calculations are in a good agreement with analytic
solution.
Since rBA

is symmetric for Z/ values and not for r;-

the collocation points

( P = 12) have been distributed over the whole upper half of the cross
sections.
These points are given in table 1. for the rectangluar cross
section. Table 2. showes the dependence of the eigen values \x3 on the
aspect ration a for 6 modes.
It is found that the eigen value \ia is
decreasing with the increase of the aspect ratio a (Fig. 1) or with the
increase of the elongation b/a (Fig. 2). The small crosses on the curve in
Fig.2 are the computed eigenvalues.
One might argue that the choice of the wave numbers /(/ is highly arbitrary
and influence the result for ji. Therefore, for several runs for the program
with various k\ it is found that j i is very insensitive to the choice of /(/ as
indicated in table 3. for different aspect ratios.
So far, all our results have been calculated for a rectangle represented by
the collocation points given in table 1. This rectangle, along which the
boundary condition is fulfilled, must also be described by equation (12) for
all points lay on it. Therefore, we plotted the function given by equation (11)
for C ™ 0 and C =/= 0 . The result is shown in Fig. 3. for a = 1 , b =1.5 , R
= 2 , and
jia =1.94212. The collocation points T/,Z/ are marked by
small squares and it is clear that it is well fitted on the boundary. For C = 0 ,
this gives the poloidal magnetic field line along the comtainer, and when C
has different values, this gives the magnetic field lines inside the container
(numbers written on the field lines are the different values of C ). The
outward toroidal shift is clearly seen for small-aspect ration.
The calculation have been also carried for a cross-section of a square
measuring 2ax2a . Still in this case the eigenvlaues can be calculated
analytically using equations (13) and (14). The colocation points are given
by table. 1 with a = b = 1 .
The eigenvalues given by analytic are :
jia = 2.309865 (for a = 1.5 ) and u.a = 2.100426 (for a = 10 ).
Numerically,
the zero-field eigenvalues, for N ~ 6 , are given by :
= 2.269842

(for a =1.5) and u.a = 2.223135 (for a = 1 0 ) , which
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show again agreement with analytical calculation. The relation between the
eigenvalue and aspect ratio are shown in table 4.
equation (12)

The function given by

is also plotted in this case and Fig. 4 shows the fulfillment of

boundary condition

rB^-C

for square cross section. The toroidal shift is

also clearlly seen for aspect ratio for a = 2.
A trial is also made to apply above methods to a cross section of
asteroidal-like shape, Two cases are investigated, when a = b = 1.5, and
a = 1, b = 1.5. The chosen collocation points for such a shape are given in
table 5.

The obtained eigenvalues u.a as a function of the aspect ratio a

are shown in Figs. (5,6) for the two cases. It is found that for N = 6 ( k/ =
0.1, 1.0, 1.3, 1.5, 1.7, 1.9), R = 2, the eigenvalues are ^ 3 = 3.21633 for
the first case and \xB ~ 2.66830 for the second case. The eigenvalues
\iB are decreasing with increasing the aspect ratio a. Dependence of
jia on the choice of k\ is shown in table 6.
In Fig. 7 , fulfillment of
boundary condition for an astroidal-like shap is shown for R = 2, a = b = 1.5,
u.a = 3.21633.
Finally, we give an example for the application of the method presented
here on a cross-section with sharp edged
cross-section and has
eigenvalues
not given in analytic form. The collocation points points of this
cross section are given as per table 7. For a = 1.5, b = 1 and R - 3 , we
get eigenvalue jia = 3.26905 with k\ = 0.1,1.0, 1.3, 1.5, 1.7, 1.9. The
eigenvalue-aspect ratio relation is given in table 8. In Fig. 8 the toroidal
shift is clear for aspect ratio a = 2.
CONCLUSIONS
In conclusion, it is shown that the numerical method [8-10] works
quite well not only for curved cross-sections but also for cross sections with
sharp edges in the boundary and gives, with high accuracy, the zero field
eigenvalues of equation (1) for various arbitrary aspect ratios for a
toroidal plasmas. Furthermore, a good fulfillment of the boundary
conditions (11) and (12) along the whole boundary for different sharp edged
cross-section is achieved.
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n
Zj

R-a
sb/4

R+a
sb/4

s-1-4
i = 1-4

s-1-4
i =t

R- (2s-1)(a/5)
b

s^1,2

R-(2s-1)(a/5
b

s=1,2

Table 1.
Collocation points for a rectangular cross-section

a=R/a
fia

1.5
2
3
5
9
10
20
1.99755 1.94212 1.91079 1.89591 1.89092 1.88985 1.88835

Table 2.
Dependence of fia on aspect ration a for rectangular cross section
( a = 1, b = 1.5 , ki =0.1, 0.3, 0.5, 0.6,0.7, 0.9)

k6
0.1
0.1
0.01
0.001
0.001

0.3
0.2
0.1
0.4
0.1

0.5
0.4
0.3
0.6
0.4

0.6
0.8
0.5
0.7
0.6

0.7
0.9
0.6
0.8
0.8

0.9
1.1
1.0
0.9
1.0

(a =1.5)

(a = 3)

1.0076521
1.9976501
1.9976511
1.9976520

(a =10)

1.9107923
1.9107910
1.9107941
1.9107933
1.9976514 1.9107923

1.8898516
1.8898554
1.8898552

1.8898550
1.8898547

Table 3.
Dependence of jua on the choice of ty and on the aspect ratio a
for rectangular cross section ( a = 1, b = 1.5 )

a=R/a

1.5
2
4
6
8
10
20
2.26984 2.267739 2.23223 2.22617 2.22409 2.22313 2.22186

Table 4.
Dependence of \ia on aspect ration a for square cross section
( a = b = 1 , 1 ^ = 0.01,0.1, 1.1, 1.5, 1.7, 1.8)
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(s -1) (b/N)

(2N+1-

s=1-6
i = 1-6

s)(b/N)

i'7-12

Table 5.
Collocation points for an astroidal - like cross-section

fia
k6

*f

0.1
0.1
0.01
0.01
0.001
0.001

1.0
0.5
0.1
0.2
0.1
0.01

1.3
1.0
1.1
0.9
1.0
0.1

1.5
1.4
1.5
1.3
1.3
0.5

1.7
1.8
1.7
1.6
1.6
1.0

|ia

(K=2;a=1,=1.5)

(R=2;a=b=1.5)

1.9
1.9
1.9
1.8
1.7
1 .5

3.216336
3.216334
3.216336
3.216336
3.216336
3.216343

2.668303
2.668330
2.668314
2.668309
2.668345
2.668391

Table 6.
Dependence of |ia on the choice of k{ and on the aspect ratio a
for astroidal-like cross-section

T\

R-a

(R-a) + (s-4)(2a/N)

Zj

(s -1) (b/N)

(s -1) (b/N)

(R-a)+(s-4)(2a/N)

R +a

(2N+1- s)(b/N)

(2N + 1 - s)(b /N)

/, s = 10, 12

i,s=1-4

Table 7.
Collocation points for shrp edged cross section its eigenvalue not
given in analytic (Fig. 9)

a-R/a

2
3.26906

3.333
3.24856

6.666
3.24049

13.333
3.23852

Table 8.
Dependence of (ia on aspect ration a for sharp edged
cross section with eigenvalues are not given in analytic
( a = 1.5,b = 1 ,kt =0.1, 1.0, 1.3, 1.5, 1.7, 1.9)
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2.000
1.9801.960-

1.9401.9201.900-

.8800

6

8

10
R/a

12

14

1G

18

20

Fig. 1 Zero-field eigenvalues jia for a reclangular cross-seclion as a
function of Ihe aspect ralio a .

2.050-1

2.000-

1.950a

1.900-

1.850-

1.800-)—-1—-T
1—~r—•
r
130
1.40
1.50
1.60

1.70

1.80

1.90

2.00

b/a
Fig. 2 Zero-field eigenvalues ^a for a rectangular cross-seclion as a
function of the elongation b/a .
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1.5

1 .0

.5

0.

-.5
-1.0

-1.5
Fig. 3 Fulfillment of boundary condilion rl3M™ C for a rectangular cross
section (a = 1, b = 1.5, R =2, fia = 1.94212, ft/= 0.1, 0.3, 0.5, 0.6,
0.7, 0.9)

1.0

.5

0.

-1 .0

Fig. 4 Fulfillmenl of boundary condilion r B ^ C for a square cross section
= 1,fl=2, ^ a ^ 2.26773, ft/= 0.01, 0.1, 1.1, 1.5, 1.7, 1.8)
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3.140

1
0

16

r—1

18

r

™1

20

Fig. 5 Zero-field eigenvalues jia for an asleroidal-like cross-seclion as a
funclion of Ihe aspect ralio a ( a = b = 1.5 ) .

2.6700-1
2.6650
2.66002.6550^2.6500
2.64502.64002.6350-H-

2.63000

1—•—r
4
6

8

10
H/a

12

14

16

"1—'—I
18
20

Fig. 6 Zero-field eigenvalues pa for an asleroidal-like cross-seclion as a
funclion of Ihe aspecl ralio a ( a » 1 , b = 1 . 5 )
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1 .5

1.0

-.5
-1.0

-1.5
Fig. 7 Fulfillmenl of boundary condilion r B ^ s C for an aslroidal-like cross
section ( a = b = 1.5, ft =2, ^a =3.21633, fr/ = 0.1, 1.0, 1.3, 1.5,
1.7, 1.9)

1.5

1.0

-1.0

-1.5
Fig. 8 Fulfillment of boundary condition fBfi» C for arbitrary sharp edged
cross section ( a = 1.5, b = 1 , R = 3, j,ia « 3.26906 , k\ = 0 . 1 , 1.0,
1.3,1.5,1.7,1.9)
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FACILITY FOR THE ET-RR-1 REACTOR

R.M.A.MAAYOUF

and A.S.I.EL-KADY

Reactor & Neutron Physics Dept.,NRC, Atomic Energy Authority, Cairo, Egypt

ABSTRACT
The work deals with the optimization calculations carried out for a neutron guide
facility, intended for delivering slow neutrons,emitted from one of the ET-RR-1 reactor
horizontal channels, to a Fourier RTOF diffractometer. The results of neutron reflectivity
calculations carried out for Cu, Al,natural Ni and 58Ni were found to be in favour of
the best coating of the neutron guide mirror channel walls.

58

58

Ni as

Ni gives a characteristic

wavelength X -1.377 A of the neutron guide; leading to a value of the neutron flux,at the
neutron guide output, 1.4 times more than that one resulting from coating the mirror channel
walls with

natural nickel .

The optimized neutron guide, for effective luminosity value

2.5x108,was found to be 22 m in length, along with

a curvature whose radius

3388.5m;leading to a strong suppression of the background of gamma quanta and fast
neutrons.

INTRODUCTION
The mirror reflection of neutrons was first demonstrated by Fermi and Zinn in 1946(1)
The first reflectivity experiments were carried out to test conclusively the theory of total
reflection(2) . The most important practical application of total reflection of neutrons from
mirrors*1"4* was found in the construction of neutron guide tubes (NGT).mainly used for the
transportation of thermal and subthermal beams(5i6).Both straight and curved NGT are
analyzed in Refs.(5-11).
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The NGT is analogous to light pipes in ordinary optics; its basic principle is illustrated
schematically in Fig.1 .A low energy neutron entering the NGT with an angle of incidince at
the walls that is less than the critical angle , for its particular wavelength, will be transported
along the tube by multiple total reflections.If a slight curvature is incorporated in the
NGT.then only those

neutrons with wavelengths greater than some minimum value

(typically 1 A) will be transported down the tube, while fast neutrons , as well as gamma
rays in the incident beam, pass through the wall of the NGT (see Fig.1) where they can be
absorbed in a suitable beam stop . In this way a very clean and highly collimated beam of
thermal and subthermal neutrons can be transported to a low background location; far from
the primary neutron source.

Thermal
Neutrons

Gamma rays

Fig. 1: A sclienielic diagram siwwing tho basic principle of a NGT

The present work deals with the optimization calculations of a neutron guide facility
being installed at one of the ET-RR-1 reactor horizontal channels for delivering neutrons,
free from gamma rays and fast neutrons background, to a Fourier chopper; attached to a
reverse -time of-fiight (RTOF) diffractometer.

NEUTRON GUIDE OPTIMIZATION CALCULATIONS
1. Neutron Reflectivity Calculations:
Neutrons with wavelength X approaching a plane surface at a glancing angle e.are
totally reflected when 9 < 6C ; where 0C is the critical angle of total reflection; given by:

6C= X(JNbc/n)
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(1)

Where N is the density of the reflecting surface atoms and bc is their coherent scattering
length. 8C is rather small and depends on the coherent scattering length b c .
In case of an ideal reflector (i.e with perfect geometry of the reflecting surface), the
value of the reflection coefficient(reflectivity) R is given by(9) :

R (9)=| i-Vi-<ec/e)J|2/

(2)

From equations(1t2) it follows that the reflectivity R ,as a function of wavelength for small
glancing angles,is given by :
*|2
Where : a

s

(3)

VFTbTTn is a coefficient characteristic for the reflecting surface ; its value for

some materials, commonly used as reflecting surfaces of the neutron guide mirror channel
walls, is given in Ref.(9).
The wavelength-dependent neutron reflectivities for Cu,AI,natural Ni and 58Ni
were calculated using a computer code based on eq.(3). The results of calculations are
displayed in

Fig.2V It is noticeable that the neutron reflectivity of

58

Ni .among other

reflectivities of Fig.2, is 100% over a wide range of thermal neutron wavelengths.Such
behaviour is mainly

due to the high coherent scattering amplitude of 58Ni(bc=14.4x1 o t 3 cm)

which leads also to the highest value of the limiting angle of total reflection.

0.9

1.4

1.9

2.4

2.9

3.4

3.9

4.4

4.9

Wavelength (A)
Fig.2.Calcu!ated wavelength dependent nefJectevities foruNi,N't,Cu,Al
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5.4

The calculations also yielded the value 2.05 A for the critical wavelength of 58Ni,at a
glancing angle 14.37 which is in a reasonable agreement with the experimental value 2.1A
reported before in Ref.(12).Fig.3 represents the theoretically calculated neutron reflectivity
of

58

Ni along with that one measured at the same glancing angle (14.37) and reported in

Ref(12) .It is noticeable that

the presently calculated behaviour is consistent with the

measured one .
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Fig.3: Calculated and measured reflectivities of^Ni at a glancing angle 14.37*

2. The Optimization of NG Physical Parameters:
A curved NGT is characterized by its radius of curvature p and its length L .If a is
used to designate the dimension of the tube in the plane of curvature , it is then easy to
see that when its length L > L d none of neutrons can emerge without being scattered or
reflected at least once(13) ; provided that:
(4)

• V8.a.p

L d is known as the length of direct view.The characteristic angle 0* of the NGT is given by
(f - yllaTp

(5)

The wavelength of neutrons with 0C=0" is called the characteristic wavelength of the
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NGT and is given by :

fcj

X* - 42 a n/(p N

(6)

Neutrons with wavelengths X< X' are transmitted through a curved NGT only according to
Garland reflection paths (13) , while those with X>X* follow zig-zag trajectories and have
larger reflection angles (seeFig.4). It follows from equations (4,6) that:
X = 4 a (Sfe/N Bj/Ld

(7)

Then it follows from equations (4,7) that the width of the NGT is given by :

a-aX* Ld/4^aXU4k

(8)

Where a=4NbJn and K= L/L^j is the ratio between the actual length of the NGT and the
length of direct view L d .In order that instruments located after the NGT experience a low
background levels , the value of K should be =1.1-1.2 (13) .
Zig-zag reflections
Garland reflections

Fig. 4: The geometry of the curved NGT

The width a of the NGT, that might be used for guiding neutrons from a low power
reactor(such as the ET-RR-1 reactor) was calculated in Ref(13) for several NGT lengths.
Calculations.following the same procedure of Ref.( 13).were carried out according to the
values (calculated for mirrors coated with ^ N i ):1.15,1.377A and 2.05XKT3 rad/A respectively
for K,X* and a.The value 1.377 A of the NGT characteristic wavelength was chosen
considering that the maximum of the distribution of thermal neutrons , emitted from the
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ET RR-1 reactor is at -1.2 A(14)The calculations yielded the value 13.5mm for a NG length 22m; adequate for use at the ET-RR-1 reactor.

3. Neutron Flux Calculations :
The output flux density <D(X) of an ideal curved NGT could be given by :
<t>m(X) = (O0(X)/4* ). Q
Where:

(9)

O0(X): is the flux density at the entrance of the tube .
Ci : is the curved neutron guide aperture; given by(15)'

p x/3 eve

for
for
for

•2

2

= <m eVe' [i-

According to equations(9,10),it is

ee<;e
ec>e
oe»o

expected for that case when
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(10)

Ni (0c=2.05 .IO^.X) is

used as a coating of the NG mirror walls to obtain a neutron flux 1.4 times more than that
resulting when using natural Ni (0c=i.73 .10 "* .X).
The dependency between the neutron guide length and the neutron flux at the exit of
the NGT

was calculated following the same procedure of Ref.(13). The calculated

dependency is represented in Fig.5 ; both for natural Ni and **Ni.
2 10
X

u
c
X
3

4
s

Ni

Ni

12

1C
20
NGTLENGTH(m)

24

Fig.& The correlation between the neutron flux and NGT length

From Fig(5),it is noticeable that the value 10.6x10* n/cm2sec, of the neutron flux
obtained when the neutron guide length is 22 m and its mirror walls are coated with
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58.

Ni

leads to a luminosity value.as will be shown later, adequate for the neutron diffraction
technique attached to the NG facility.

RESULTS AND DISCUSSION
The calculation of the flux in the previous section was followed by evaluation of the
effective luminosities resulting when the NG is delivering neutrons to a Fourier chopper.
The effective luminosity is given by (13) :

Lum = k0 <t>$ W d V s
Where:

(11)

ko = is a factor accounts for the decrease in neutron flux due to absorption
by the chopper's material ,as well as for neutron losses due to scattering and absorption by the flight path air and sample
O , = is the neutron flux at the sample position
W d = is the solid angle of the detector
V f = a . h . d : is the volume of a sample of a height h and thickness d

Thus the

effective luminosities which should result

when using the NGT.were

calculated for four values of a ,and at the values 0.7, 0.1 sr, 10 cm and 1cm respectively
for k<, ,W d ,h and d. The luminosities resulting, when considering that the Fourier chopper
is set at the exit of the NGT and only 25% of the neutron flux are transimitted by it, are
given in table 1. It is noticeable that the best effective luminosity is achieved with the NGT
length 22m and whose width is 13.5 mm .

Table(1): The values of the neutron flux expected for
different NGT widths and luminosities

Effective
luminosity

Length of
NGT

The calculated
value of a

4.1 m

2.5 mm

1.5 x10 7

6.0 x105

7.4 m

4.5 mm

1.4 x10 7

1.0x10s

22 m

13.5 mm

10.6x10 8

2.5 x106

24 m

14.7 mm

9.6x10 6

2.4x10*
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Expected flux
(n/cm 2 .sec)

The neutron guide facility optimized for the ET-RR-1 reactor is of rectangular cross
section : 13.5 mm in width.90 mm in height with mirror channel walls .preferentially made
of boron loaded optical glass, coaled wilh a film (2200A thick ) of 58Ni isotope. The
efficiency of boron loaded glass has been confirmed in Ref(10) as it reduces the gamma
radiation dose by a factor of 10 . MN\ is chosen as a reflector as it has the highest critical
angle of total reflection : dc (X)= (2.0Jx fO3) X- 7.05/K .
The radius of curvature p =3JSS.5mis fixed for 0c/d =/; at X=1.377 A(Es43.103 ev)
and thus , (?e/0 >/ for thermal neutrons. This yields the value 9 = 2.823 x 1O3 rad for the
characteristic angle;in such case the length of direct view Ld ~19.l3m . The total length of
the NGT is L=22 m (44 optical sections each of 50 cm length). It is such that every
neutron undergoes at least one reflection before reaching the exit of the guide tube
(L-I.15 Ld) . This ratio between the actual and direct view lengths represents a good
compromise.in most cases between a weak background and good transmission 00 *
which is advantageous for neutron diffraction measurements .

CONCLUSIONS

—

58

Ni isotope was found to be the best, out of the studied coatings , as it offers 100%

neutron reflectivity over a wide range of thermal neutron energies .
—

The optimized NGT, allows for working under much better background conditions

required for using the reverse-time of-flight (RTOF) Fourier diffractometer ; being
installed at one of the ET-RR-1 reactor horizontal channels .
— The effective luminosity achieved by the
2.5x108;allows

optimized neutron guide facility is

for neutron diffraction measurements at D values between 0.71-2.83A

respectively.
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ABSTRACT
A detailed study of the characteristics of the interactions
accompanied by relativistic hadrons in the backward hemisphere in
the collisions of C, Ne and Si projectiles with emulsion nuclei
at incident momentum in the range (4.1-4.5) A GeV/c has been
carried out. For this purpose, random samples of 819, 3812 and
1209 events in case of 12C, 22Ne and 28Si interactions are analyzed
respectively. The behavior of the shower particles multiplicities and
the pseudorapidity distributions for the different interactions are
investigated in terms of the number of emitted shower particles in
the backward hemisphere. The pseudorapidity distribution of the
shower particles from the interactions accompanied by the emission
of backward relativistic hadrons are fpund to be satisfactorily fitted
by a single Gaussian distribution. On the other hand, the
pseudorapidity distribution for the shower particles emitted in the
interactions not accompanied by backward relativistic hadron are
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fitted by two Gaussian distributions with two distinct average
values. The dispersion of the pseudorapidity distributions are
independent on the number of the backward relativistic hadrons n .
However, the average pseudorapidity decreases with increase the
number of backward relativistic hadrons. The dependence of the
average number of the shower particles produced in the backward
and forward hemispheres on the projectile mass number and the
impact parameter are also presented, the results yield quite
interesting information regarding the mechanism of production of
such backward relativistic hadrons in heavy ions interactions.
INTRODUCTION
A principle reason for studying production of relativistic pions
from nuclei in the backward direction is, that in free
nucleon-nucleon collisions such production is kinematically
restricted. Emission of such pions beyond this kinematic limit may
then be evidence for exotic production mechanisms, such as
production from clusters (1-5). Baldin (2) thought that, simple Fermi
motion could not account for such relativistic backward pion
production, and stated that, the dominant mechanism for
producing such pions, was an interaction between the incident
nucleons from the projectile and multi-nucleon clusters in the
target, referring to this mechanism as cumulative production.
There are also other models progress in order to explain this
phenomena(l,4,7,8), but until now, we do not have a good
understanding about the mechanism of the relativistic backward
hadron production in the high energy heavy ion interactions.
On the other side many experiment directed to study the
characteristics of the relativistic backward hadron production in the
275

interactions of hadron and heavy ions with different targets (9-12).
In the present paper an attempt was made to study various
characteristics (multiplicities and pseudorapidities) of the
relativistic particles emitted from the interactions accompanied by
the emission of fast hadron in the bacKward hemisphere BHS
(emission angle 0 > 90°) in cases of C, Ne and Si-Emulsion
interactions at (4.1-4.5) A GeV/.c.
Another objective of this paper is to examine whether the
mechanism of particles production in the bacKward hemisphere is
significantly different from those operating in the production of the
fast particles in the forward hemisphere (0 < 90°).
EXPERIMENTAL PROCEDURES
12

Three stacks of BR-2 nuclear emulsion were exposed to C,
and 28Si ions at 4.5 A GeV/c and 22Ne ions at 4.1 A GeV/c at the
Dubna Synchrophasotron. The data studied in the present work
consist of 819, 3812 and 1209 12C-Em 22Ne-Em and 28 Si-Em
inelastic interactions respectively. The general characteristics of
these interactions selection rules and other details have been
published before[ll-13]. In the measured events the tracks of
secondary particles were classified according to the following
criteria :
a) Black tracks (b) having a range (L) in emulsion < 3 mm which
corresponding to a proton kinetic energy of < 26 MeV. These
are the fragments of the target nucleus, and their multiplicity
is denoted by n^.
b) Grey tracks (g) having relative ionization I* (=I/I 0 ) > 1.4 and L
> 3 mm which corresponds to a proton kinetic energy from 26
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to 400 MeV, where I is the particle track ionization and Io is
the minimum ionization. In this case it is the ionization of
shower tracks in the forward cone of an opening angle of < 3°.
c) The b and/or g tracks are called the tracks of heavy ionizing
particles N^.
d) Shower particles s having I* < 1.4. The tracks of such a type
having an emission angle of < 3* were further subjected to
rigorous multiple scattering measurement for momentum
determination and consequently, for separating the produced
pions from the single-charged projectile fragments. The
projectile fragments (PFs) of Z = 1 were not included in a
further analysis of S-particles.
e) The multicharged PFs of Z > 2 are subdivided into Z = 2,3.... 14
fragments according to the counted delta electrons density
when followed until L > 1 cm.
In each event, the total charge of the PFs Q = XNjZi, was
calculated where Nj is the number of fragments having charge Z[
(1,2...,Zp) in a given event. The number of interacting projectile
nucleons in each event Nint~ Ap-(Ap/Zp)Q was determined, where
Ap and Zp are the mass and charge numbers of projectile nucleus.
Accurate angular measurements (space angle 0 i.e. the angle
beetween the direction of the incident beam and that of given track)
were performed using KSM1 nuclear track measuring microscope.
The shower tracks in each even with 90 £ 8 £ 180* are called
backward shower particles emitted in the backward hemisphere
(BHS). The multiplicity of this type of tracks in each event is
denoted by ng. The multiplicity of the shower tracks with (9 < 90)
which emitted in the forward hemisphere (FHS) in each events is
denoted by n | where n s - n s + n|.
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DATA ANALYSIS
1- Multiplicity of Shower Particles in Forward and Backward Hemispheres :

The multiplicity distributions of the shower particles in the
backward hemisophere (BHS) in the interactions of 12 C, 22Ne and
28
Si projectiles with emulsion nuclei at incident momentum (4.1-4.5)
AGeV/c are shown in Fig. (1). From this figure, within statistical
errors, the multiplicity distributions of the shower particles emitted
in the BHS are observed to be similar for the three projectiles used.
In other wards, the creation of shower particles in the BHS is
nearly independent on the projectile mass numbers at similar
momentum per nuleon : [4.1-4.5] AGeV/c. We have previously
demonstrated in Refs. [14-16], that the multiplicity distributions of
shower particles in the forward hemisophere (FHS) tend to become
broader with increasing the projectile mass number at the same
incident momentum per nucleon. This result is confirmed by the
average number of shower particles created in the FHS, <n > and
the corresponding values in the BHS < r s > in the three projectile
beams which are listed in Table (I). In our recent studies [11-13] we
showed that, the values of <n*> are proportional to the average
number of interacting nucleons from each projectile N ^ [defined
as mentioned before in section II] with emulsion nuclei, which
supports the idea of considering the nucleus-nucleus collision as a
superposition of nucleon-nucleus collision.
While the values of < n p are nearly independent on the NjntThis means that, the average numbef of created shower particles in
the BHS1 is a target dependent parameter [12,17]. Table (II)
summarizes the experimental data for <Nj^> [average number of
target associated particles which related to the impact parameter
of the collision] and the average number of the interacting nucleons
as a function of the number of shower particles flying in the
278
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Fig. 1 : Multiplicity distributions of the shower particles produced in
the backward hemisphere for
with emulsion nuclei.
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C, ' i ^ e and

Si interactions

Table (I) : The mean multiplicities of shower particles in the forward and backward hemispheres, <Nh> and average
number of interacting nucleons from 12 C, ^ N e and 2 %i
projectiles.
12 C

22
ZZ
Ne

28 C .

s>

7.11±0.02

9.85±0.04

11.36±0.09

<*bs>

0.42±0.01

0.45±0.01

0.44±0.02

<N h >

10.74±0.37

11.44±0.19

11.6710.35

Nmt

5.28±0.18

8.06±0.13

9.4910.27

<n

Si

Table(II): The values of the <N R > and average number of interacting nucleons as function of iig for different projectiles.
C-Em
<N h >
0

Nmt

7.52±0.31 4.9010.21

22
Ne-Em
<N h >

Nint

28,-,. T-.

Si-Em

<N h >

Nint

7.9210.15 7.0610.13 8.8010.29 8.5610.28

1 15.2811.17 7.2610.55 16.9810.64 11.8510.45 17.9011.38 13.8111.07
2 22.3013.00 9.1211.34 25.9411.75 16.6911.13 24.2513.03 19.5712.45
3 27.9516.40 11.3412.60 29.1313.11 18.1511.93 30.3116.46 22.7214.84
>4 28.5018.60 11.7413.50 29.5014.05 19.6112.70 29.016.18 22.714.84
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BHS (nbs = 0, 1, 2, 3 and > 4) for the interactions of 12 C, 22 Ne and
28
Si projectiles with emulsion nuclei at incident momentum (4.1-4.5)
AGeV/c. Figs. (2-4) show the multiplicity distributions of the shower
particles produced in 12C-Em, 22Ne-Em and 28Si-Em interactions
for n g = 0 and > 1. From the inspection of the above figures and
tables we notice that:
i) The backward shower particles multiplicity distributions are
nearly independent on the projectile mass number at (4.1 - 4.5
AGeV/c).
ii) The probability of the interactions accompanied by emission
of shower particles in the BHS decreases slowly with increase of
projectile mass number and equals 30.3, 28.0 and 23.0 in percent for
the interactions of 12 C, 22 Ne and 28 Si with emulsion nuclei
respectively.
iii) For each value of shower particles (n g = 0, 1, 2, 3 and > 4)
emitted in the BHS the values of <N^> are nearly equals within
statistical error for the interactions of the three projectiles, in spite
of the change of the average number of interacting nucleon N[nf.
for each projectile beam in each group of events (see Table II). The
group of events accompanied by shower particles emitted in the
BHS have <N^> values greater than 15 for all projectile beams
(12C, ^ N e and 28Si) used here. The events with highest value of n
> 3 are corresponding to the complete disintegration of the heavy
components in nuclear emulsion (AgBr nuclei). This means that, in
selection of events with fast shower particles flying in the backward
hemisphere leads to a violent interactions with the AgBr group of
nuclei in the emulsion. It is shown clearly from Table (II) that, the
all projectile beams, the events with n^ > 3 have values of <N^>
more than 28 and nearly all nucleons in each projectile interacted
281

Fig. 2: The normalized multiplicity distributions of the shower
particles emitted from interactions of 12C-Em for :
b
a)n^=
s 0 and b) ns > l .

2 -

0
0

50

Fig. 3 : The normalized multiplicity distribution of the shower
particles emitted from the interactions of i^e-Em for
a)n*> = 0

and
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Fig. 4 : The normalized multiplicity distribution of shower particles
28

-

emitted for Si-Em interactions;
a)n^ = 0 and
b)nb>l.
9

S

completly (Nint ~ Ap). Therefore, a suitable criteria for selecting the
central events in the heavy ion interactions are those which exhibit
the higher multiplicity of produced shower particles in the BHS (n g
> 3) in the laboratory system, and
iv) The multiplicity distributions of the shower particles
produced in the interactions of any projectile tend to become
broader with increasing the number of shower particles flying in
BHS.
From the above, it is clear that the backward hemisphere is
intimately connected with the target fragmentation region i.e. with
that part of phase space where all shower particle characteristics
are most independent on the projectile mass number. Fig. (5)
presents the dependence of the average multiplicities of shower
particles <n^ > on the target size. The measured parameter which
represents the target size is the value of the number of emitted
heavily ionizing particles from each event N^. Fig. (3c) shows the
dependence of <n s > as a function of the number of the interacting
12

22-*

nucleons from each projectile ( C, rJe and

2ft

Si).

2- Pseudorapidity Distributions of the Produced Shower Particles :

One of the fundamental experimental distribution in high
energy collisions - that is generally compared with any successful
theoretical models - is the pseudorapidity [rj » -In tan (9/2)] (0 is the
emission angle) distribution of the produced shower particles. Figs.
(6-8) present the pseudorapidity distributions of the shower
particles produced in the interactions of 12 C, 22 Ne and 28 Si
projectiles with emulsion nuclei as a function of number of shower
particles emitted in the BHS (n^ =0, 1, > 2). From these figures we
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Fig. 5 : The dependence of <n£> and < n^> on N h (part a & b) and
the dependence of on N-mi (part c).
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can see, the pseudorapidity distributions of the emitted shower
particles from the interactions accompanied by a backward shower
particles (Figs. (6-8) b and c) are a smooth in the form and
extending from the target fragementation region to the center of
the projectile fragementation region. This result was expected
because such interactions are of central type i.e. 12 C, 22 Ne and 28Si
beam interacted centrally with AgBr nuclei in the emulsion. This
supports the results given in the part of multiplicity distributions
about the characteristics of the events which have Nj1>15..
Therefore in this group of events n^ & 0, the created shower
particles acquire any pseudorapidity value between the target and
projectile fragmentation regions. On the other hand we notice that
the pseudorapidity distribution of the shower particles produced
from the events characterized by the absence of shower particles
flying in the BHS i.e. n ^ = 0 is shown in figs. (6-8) part (a), can be
represented by two clear distinct distributios extended from the
central region to the projectile fragmentation region. Also the
pseudorapidity distributions of such group of events have n°s = 0
characterized by a large part of particles emitted in the projectile
fragmentation region in comparison with those group of event
have rvl > 1.
The experimental pseudorapidity distributions of the shower
particles emitted from the different colliding systems which
characterised by a fast hadrons in the BHS in Figs. (6-8) are fitted
by a one Gaussian distribution GD of the form :

which was previously used by van Gersdorff [18] and others [13,19],
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-1

7
Fig. 6 : The pseudorapidity (rj = -In tan 9/2) distribution of the
shower particles emitted in 12C-Em interactions,
a) n^ = 0 and
b) n^ = 1 and c) n b £ 2.
5

5
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S

Fig. 7: The pseudorapidity distribution of the shower particles
emitted in ^Ne-Em interactions.
and
a) i ^ = 0 and
S
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Fig. 8 : The pseudorapidity distribution for the shower particles
produced in the Si-Em interactions.
a)n b = 0 and
b) n b = 1 and c)n b >2.
w

O
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J

where a is the dispersion of the GD, and fj is the mean
pseudorapidity value for each group of events. The smooth curves
in the figures represent the GD fit of the experimental data in the
pionization region in the range 0 < rj < Yp, where where Yp is the
projectile rapidity (which is nearly equal 2.3 at 4.5 AGeV/c. The
parameters characterized the above distributions are listed in Table
(III). The values of maximum shower particle density [19] for each
distribution p
[ = <ns>/(V2rc a)] are also listed in table (III).
Figure (9) presents the dependence of the average
pseudorapidity of shower particles on rv^ for the interactions of 12 C,
and 28Si with emulsion nuclei:
The following important conclusion can be drawn from Figs.
(6-9) and tables III:
i) The pseudorapidity distribution of the emitted shower
particles from the interactions accompanied by relativistic shower
particles in the BHS can be fitted by one Gaussian distribution,
while the pseudorapidity distribution of the emitted shower
partciels from thesinteractions without emission of shower particles
flying in the BHS (n^ = 0) can not be fitted by one Gaussian
distribution. It has been noted that the r\-distributions of the shower
particles from the events characterized by n^ = 0 over all curve
really is well described by two gaussian. This may reflect that, in
case of n g = 0 there are two different sources creaingd the shower
particles, one of them due to the interactions of the projectiles with
the CNO group of nuclei (right G.D. in Figs. (6-8) parts a) and the
other is due to peripheral interactions of the projectiles with the
AgBr group of nuclei (left GD in figs. (6-8) parts a). While there is
only one emission source in cases of events accompanied with
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0«5
A

0
n
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b

Fig. 9 : The dependence of r\ on in the interactions of 12C, ^Ne and
Si with emulsion nuclei at -4.5 A GeV/c. The continuous
lines are drawn to guide the eye.
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Table (III) : The values of average pseudorapidity r|, dispersion a and
the maximum pseudorapidity density p m a x as a function of
b
\2 22
, 28C. . ,
..
n« cfor nC, KT
Ne and Si
interactions.

12

•4

r

22

IT

C-Em
a

28 C . _
Si-Em

Ne-Em

r max

a

rmax

a

r max

0

1.85+0.08 0.902

0.55 1.96±0.04

0.92

0.62

2.01±0.07

0.96

0.73

1

1.44+0.11 0.960

1.00

1.6Q±0.06

1.02

1.28

1.64+0.13

1.05

1.50

>2

1.28±1.03 1.530

1.70

1.43±0.10

0.99

3.82

1.5510.20

1.00

2.82

Total

1.10±0.02 1.000

1.71±0.03

1.0
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1.02

shower particles emitted in the BHS (n ^ > 0 central events). To
confirm this results we integrated the pseudorapidity distribution of
the shower particles emitted from the events that have n® = 0 in the
right side GD which we believed that may be due to interactions
with CNO group and using the average number of shower particles
in case of CNO interactions [<ns>cNO = 4.2, 5.4 and 6.11 respectively
for the interactions of 12C, 22Ne and 28Si with CNO group of nuclei
[16]]. We found the probability of the interactions of 12 C, ^Ne and
28
Si group of nuclei are equals 33.8, 38.3 and 39.0 in percent
respectively. These values agree with the interaction probabilities
of the three projectiles with CNO group of nuclei calculated from
the equation of the cross section (19, 21) and the concentration of
different component in the emulsion [~34.3, 38.6 and 40.1 in percent
for the three projectiles respectively]. This result is consistent with
those given in refs. (13,19) in which the pseudorapidity distribution
of the shower particles emitted from central events of different
projectiles with AgBr target at different energies were fitted by one
Gaussian distribution.
ii) The dispersions a of the pseudorapidity distributions are
nearly independent on the number of shower particles flying in the
BHS and the projectile mass number at (4.1 - 4.5) AGeV/c, the same
results was obtained by the EMUO1 collaboration (19).
iii) The values of the mean pseudorapidity rj are seen to be
slowely increasing with the mass number of the projectile beams. It
is decreased with increasing the number of shower particles flying in
the BHS. This result can be interpreted if we recall the cascading
mechanism which decreasing the impact parameter of the
interactions, the number of participating nucleons from both
colliding nuclei increases, therefore the average number of collisions
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occure by the projectile nucleons increase, this means that
pseudorapidity decreases.
iv) The values of the maximum shower particle density
increase as the projectile mass number and n ^ increase. In other
words P m a x increases with increasing the size of the two colliding
systems.
CONCLUSIONS
We have studied the multiplicity and pseudorapidity
distributions of the shower particles produced in the interactions of
12
C, 22 Ne and 28Si ions with emulsion nuclei in the momentum
range (4.1- 4.5) AGeV/c as a function of the number of emitted
shower particles in the BHS in the laboratory system (9L > 90°).
From the exhaustive analysis of the data we conclude the
following:
1- The multiplicity distributions of shower particles emitted in
the BHS are nearly independent of the projectile mass number with
maximum range of n ~ 6.
2- The values of <n s > are nearly indepedndent on the
projectile mass number and of order 0.4 for all the projectile used
12
C, ^Ne and 28Si at (4.1 - 4.5) AGeV/c.
3- The ng distributions for the events r^ = 0 are narrower than
the correspoding distributions from the events having nD > 1. The
first distribution peaked at lower n s values while the later one is
nearly flate over all range of n s .
4- The interactions accompanied by relativistic hadrons
emitted in the BHS have <N^> values greater than 15 over all
projectiles e. 12 C, 22 Ne and 28Si . This reflects that such events are
mainly due to the central collisions with AgBr target at the same
295

time at least in average half of each projectiles nucleons are
participated in these interactions.
5- A new criteria to select central events in heavy ion collision
can be drawn by considering those events having n^ > 2.
6- The pseudorapidity distributions of the shower particles
emitted from the events accompanied by a relativistic hadron
emitted in the BHS can be fitted by one Gaussian distribution with
dispersion independent one the size of the coliding system, such
events are due to collisions with AgBr target nuclei.
7- The pseudorapidity distribution of the shower particles
emitted from events having n^ = 0 is fitted by two Gaussian
distributions, one of them represent the peripheral interactions
with AgBr target nuclei and the other fitted the distribution due to
the interactions with CNO group of nuclei.
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ABSTRACT
The compound state y-decays, after thermal neutron capture, in the
J56,J58Gd i64 Dyj

and

i74Yb deformed nuclei and the

196

Pt transitional

nucleus were measured and analysed in a search for Giant Magnetic
Dipole Resonances (GMDR) levels built on the ground states of these
nuclei. The two-step cascade intensities for these nuclei are given and
level densities are deduced. The obtained resutls are compared with
theroetical predictions.
For the deformed nuclei, the analysis shows that these GMDR levels
built on the ground state are not populated, or probably very weakly The
experimentally observed enhancements in the two-step y-decay of the
compound state of the

196

Pt nucleus to its ground state can be explained

qualitatively by the presence of GMDR states at an energy of ~ 2.8 MeV,
with a full width at half maximum of about 1 MeV.

299

1

Introduction

Our knowledge about the Giant Dipole Magnetic Resonances (GMDR) in deformed nuclei at low energy is still limited. A direct way for excited GMDR
levels built on the ground state to be effectively achieved is by inelastic scattering of 7-quanta, or electrons, on the required nuclei [1]. These states can
also be achieved, in principle, by the 7-decay modes of highly excited levels.
A method for analyzing the two-step 7-decay cascades after thermal neutron
captures in heavy nuclei is well developed at the FLNP, JINR [2,3].
Thermal neutrons are captured with an orbital momentum / = 0. For keV
neutrons, p-wave capture is also important. The decay of the capture state populates discrete low-lying levels either directly from the capture state (primary
7-ray transitions) or via 7-ray cascades (secondary transitions). Clear correlations of El partial radiative widths with neutron widths and with neutron
spectroscopic factors have been noticed for many nuclei [4,5]. These effects are
found in the mass region where the s-wave or p-wave neutron strength function
is at a maximum. If there are no correlations, then the (n, 7) reaction may be
considered as non-selective in terms of structure. In this case it is expected that
the few-quasiparticle and vibrational states are populated with equal probabilities.
In thermal or discrete neutron resonance capture, due to the statistical distribution of primary (mainly, dipole) transition intensities [6,7], only a limited
set of spin and parity states can be populated. The data obtained from our
previous studies [8] on nuclei in the mass region 114 < A < 196 show that
cascades including pure i£2-transitions have much lower intensities than the
cascades with Ml-transitions. That is why the two-step cascades leading to
the ground state of even-even nuclei (the target nucleus spin J* = l/2~ —5/2~)
have transitions mainly of the El -f- Ml type and primarily excite the intermediate levels with J* = 1 + . Therefore, 7-decay of the compound state after
thermal neutron capture can give valuable information about the peculiarities
of the GMDR states built not only on the ground state but also on other excited
states.

300

. A comprehensive idea about the GMDR built on different states could be
obtained if a complete study were made for the peculiarities of J* = 1 + excited
states, through the 7-decay of compound states, and supplemented with information obtained from the (7,7*) and (e,ef) reactions. The necessity of such a
combination comes from the fact that the J* = 1 + levels in even-even nuclei
and the corresponding GMDR states in even-odd nuclei have different structures, and only some of these states (excited by neutron resonance decay) have
a vibrational-nature.
In the present work, we analysed the two-step cascade intensities from the 7decay of compound states in various heavy nuclei after thermal neutron capture.
The compound states decay of the 156'158<7c/, 1S4Dy, and l74Yb deformed nuclei,
and the transitional l96Pt nucleus, were chosen to look for GMDR states built
on the ground state in this mass region.

2

Gamma-decay cascade peculiarities in deformed nuclei

Table 1 lists all the observed cascades, from the compound state to the 0 +
and 2 + states of the ground state band, for each of the investigated nuclei.
For the gadolinium isotopes, the compound states are practically pure, with
Jn = 2~. The compound state of the 1S4Dy nucleus has a mixture of the
J* = 2~ (79%), and 3~ (21%) states. For the llAYb nucleus the portion of the
captured neutrons in the J* = 2" state equals 36%, whereas the remaining part
(64%) was captured in the J* = 3" state (7).
The primary El-transitions in these nuclei excite the intermediate levels of
the J* = 1 + — 4 + spins according to the spin of the compound state itself.
Secondary Ml-transitions to the ground state are only possible in the decay
of the J* = 1 + intermediate states. The cascade intensities of primary Mltransitions are, on the average, small by an order of magnitude relative to
the primary El-transitions, due to the small average width of the primary Mltransitions [9]. This conclusion holds true only if the width of the secondary El-
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Table 1.
Intensities, per 10 decays, of two-step cascades from the compound
state to the ground and first excited states in the investigated nuclei. The table includes
only the cascades for which the secondary transitions to the ground state were observed
experimentally.
196pt

Etx
keV
1403.1
1790.8
1801.4
1886.0
1968.9
1983.3
2168.8
2179.2
2185.1
2245.7
2308.4
2369.9
2378.3
2468.2
2613.3
2625.5
2680.4
2702.7
2732.4
2740.5
2753.1
2821.7
2838.0

Ground
state
732(305)
1135(390)
793(366)
4050(500)
2574(439)
927(390)
915(317)
1415(342)
1244(342)
2159(366)
3404(549)
1525(476)
1330(464)
3672(561)
2745(598)
903(500)
1000(500)
1464(525)
3428(720)
4331(732)
2916(622)
1598(537)
1074(537)

First exc.
state
1169(276)

2822(418)
846(380)
960(370)
1064(380)
741(361)
1786(456)

1425(437)
884(399)

1226(456)
1159(466)
1720(608)
2850(542)
893(456)
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Eex
keV
2864.3
2875.1
2948.3
2973.7
3016.9
3021.8
3035.8
3135.3
3179.9
3210.5
3260.2
3290.3
3309.8
3331.6
3451.3
3554.8
3655.6
3693.6
3777.1
3813.7
3832.0
3877.8
4029.1

Ground
state
1598(634)
3135(683)
1281(525)
1440(525)
1708(598)
3257(671)
1879(561)
1464(549)
1476(525)
1257(537)
1196(525)
1000(500)
1074(500)
1098(500)
1086(500)
1122(537)
976(476)
915(415)
1049(476)
1013(464)
952(427)
1171(500)
1318(512)

First exc.
state
1558(484)

751(427)
789(409)

836(456)

884(447)

751(418)

continued table .

l56

Ecx
keV
992.1
1154.4
1464.3
1508.1
1764.6
1962.2
2186.4
2218.9
2343.2
2403.4
2447.9
2543.2
2556.5
2602.2
2647.1
2747.0
2834.9
2853.3
3030.2
3043.5
3050.8
3277.6
3291.7
3302.7
3352.6
3361.1
3476.6
3522.2
3599.5
3689.9
3782.4
3818.1
3826.4
3855.7
3865.2
3881.9
4697.7

158
Gd
Gd
Ground First exc.
Ground First exc.
Eex
state
state
state
keV
state
129( 42)
956.5
152( 55)
2349( 78) 2706(149) 1066.8
253( CO)
1160.4
800(216)
162( 50)
1509.0 419(115)
112( 48)
660(116) 1686.5
262( 92)
140( 48)
495(116) 1758.9
239( 92)
129( 67)
930(372)
1964.9 1233(138)
277( 95) 1469(198) 2057.6
179(161)
2129.9
373(138)
143( 90)
2260.0 1003(175) 2644(328)
636(106)
166(166)
235( 95) 1931(396) 2266.7
330(165) 2359.9 451(179)
176( 78)
2617.1 290(166)
204( 81)
475(226)
534(170)
479(165) 2656.9
171( 78)
290(166)
512(363) 2673.7
249( 81)
667(147)
2802.2
204( 84)
290(138)
2829.9
757(249)
563(213)
327(143)
462(231) 2844.7
246( 95)
455(143)
622(249)
594(561) 2854.7
241( 92)
2937.7 428(170)
249( 98)
474(166)
512(231) 2961.8
171( 98)
331(166)
3096.8
333( 78)
3282.6
193( 92)
199( 78)
3291.3 474(147)
224( 78)
3456.1 276(143)
263( 81)
460(152)
3506.6
322( 84)
3525.4
460(156)
473(182)
508(237)
3570.9
423(161)
207( 98)
576(249)
3600.5 497(166)
384(101)
497(170)
3612.9
199( 95)
531(226)
305(104)
792(231) 3659.5 409(166)
3743.5 465(166)
302(115)
442(175)
3852.6
274(112)
893(384)
3923.3 368(138)
361(104)
377(147)
3950.2
291(101)
588(305)
644(184)
4830.9
283( 98)
528(215)
246( 98)
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continued table 1.
l64

Etx
keV
762.9
881.3
1046.0
1111.9
1842.9
1979.8
2052.9
2202.7
2249.0
2285.1
2302.4
2345.8
2440.5
2478.2
2531.6
2596.5
2860.4
2930.2
2985.2
2995.4
3097.7
3185.4
3225.5
3308.4

3647.4
3914.9
4214.0
4393.7
4788.8

Dy
Grounc
state
1177( 83)
187( 65)
202( 72)
248( 72)
824(133)
698(122)
349(119)
173(122)
2304(173)
360(122)
364(122)
421(133)
407(191)
526(187)
1789(364)
839(198)
396(176)
608(176)

360(173)
608(202)
536(180)
256(155)
576(180)
320(166)
810(198)
616(202)
356(169)
349(176)
364(166)

lu

First exc.
state
1195(163)

1647(290)
1810(290)
996(272)
2715(380)
1502(290)

2045(416)
1122(471)
1665(434)

1050(398)
1086(416)
1050(380)

3OU

Yb
Ground First exc.
Eex
state
keV
state
868.7 281(102)
413(130)
393(145)
1673.9
290(129) 1640(189)
1859.6
343(142)
2069.5
370(142)
2114.6
2164.2 1597(205) 2714(283)
2466.1 498(172)
2503.2
376(185)
2523.5 462(188)
667(175)
2825.5
555(189)
317(162)
2845.6
472(205)
2889.7
696(177)
2900.3 426(205)
720(189)
389(191)
2945.0
3237.4
366(175) 1345(236)
743(212)
3329.4
488(211)
459(201)
3474.1
739(211)
3484.3
389(185)
3539.8
729(205)
3552.1
611(205)
3603.6
386(185)
3665.9
422(208)
590(283)
4113.8
1463(260)
485(208)
4157.2
519(201)
346(172)
4271.7

transition (between the 1" levels and a low-lying state) does not considerably
exceed the width of possible Ml-transition resulting from the decay of the J" =
1 + states. The cascades with El- and 252-traiisitions are estimated,according
to ref. [3], to have a small contributions.
Evidently, only a part of the J* = 1 + states can be observed in the experiment since the width (and consequently, the intensity) of primary transitions
have random distributions. The number of observed levels (resolved cascades)
depends on the sensitivity of the 7-ray spectrometers used. It is usually suggested that the fluctuations of width amplitudes can be determined from the
Porter-Thomas distributions [6]. However, according to our studies [3], the
width of primary transitions (at least in the even-odd compound nuclei) could
be determined, to a large extent, from the few-quasiparticle components of the
compound state wave function and not from the random width distributions.
On this basis, the systematic increase of cascade intensity relative to the total
intensity of the primary transitions could be explained. For the cascades leading
to final single-quasiparticle states with K* = 1/2", and 3/2", the intensity increases from 30-40% to 70-80% as the ratio between the reduced neutron width
F° and the average value < F° > increases from 0.1 to 1 (and even more) [3j.
In this case, the ratio of F°/< F° > can be considered as a measure of the fewquasiparticle strength concentrated in the compound state. This is because the
value of F° is proportional to the square of the amplitude of the corresponding
single- (or two-) quasiparticle components in the compound state wave function.
In the present study, the compound states of the 156'158<7<f, 16iDy, and174F6
nuclei have a larger F° than the average < F° > [7]. Therefore, by analogy to
previously studied even-odd nuclei, one may expect that the excited intermediate states with J* = 1 + in the above mentioned nuclei have mainly a fewquasiparticle nature. This conclusion is based on the idea that the surrounding
(even-, and odd-mass) nuclei have similar values of the neutron strength function, and total radiative width FA. Consequently, their decay modes are assumed
to be governed by the same rules. It should be noted here that the theoretical notations also assume very small widths for the radiative transitions, which
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Table 2.
A comparison between the data obtained from (7,7') refs [1] and the
present results of the (11,27) reaction, ft = B(Ml,l+ -> 2 + ) / £ ( M l , 1 + -> 0 + )

(n,27) Reaction
Eex,keV
J R
15(l
Gd
0.22(21)
1 <0.5
0.53(11) 2403
0.55(10)
0.417
0.48(21)
3.2
1
0.36(16) 3051
1,2,3 >
3070
0.59(6)
0.43(18)
0.46(12)
0.44(10)
1.21( 3)
2.03(29)
2
>2.0
1.78(59) 1944
1
2.0(1)
1.34(28) 2543
1
2747
1.78(21)
<l-5
1.94(64)

(7,7') Reaction
Eex,keV J* R
2027
2403
2785
2974
3010
3050
3070
3122
3158
3218
1243
1367
1946
2539
2745
3314

1+
1+
1+
1+
1+
1+
1+
1+
1+
11+
11"
11"
1"

306

continued table S.

(T»7') Reaction

£e*,keV J* R

(n,3Ij) Reaction
^ex,keV
J R
I58Gd

2268

1+ 0.41(11)

2447
2566

1+

2601
2804
2842
2986
3039
3108
3192
3201
3288
3299

3428
3470
3577
1264
2833
3161
3259
3820
3921

2267

1

<2

2602

1,2,3

>5

2802

2845

1
1

<1

3199

1,2,3

>5

1265

1,2,3

>2

3259

1,2,3

1.5

3923

1

0.80(18)

1+ 0.38(11)
1+

1+
1+
1+
1+
1+
1+

1+
1+

1+
1+
1+

1+
111111-

0.62(21)
0.40( 7)
0.68(13)
0.45(12)
0.28(12)
0.58( 7)
0.41( 5)
0.53( 5)
0.45(23)
0.47( 7)
0.64(23)
0.39(23)
0.26(21)
1.53(18)
1.79(30)
1.39(30)
1.90(44)
1.35(42)
1.99(64)
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<0.5

2.6(15)

continued table 2.

(7,7') Reaction

£ cx ,keV

(n,27) Reaction

Jw R

£ CI ,keV

J

R

1

1.2(4)
<0.5

lS4

Dy

2330
2530
2539
2578
2670
2694
3112
3159
3173

1- 1.48(17)
1+ 0.58( 8)
1+ 0.44( 8)
1+ 0.42( 5)
1- 1.04(22)
1+ 0.44( 5)
1 + 0.49( 4)
1+ 0.48( 4)
1+ 0.38( 4)

£ cx ,keV K
1711
2037
2068

2338
2500
2581
2815
2920
3009
3050
3122
3145
3222
3327
3349
3387
3485
3527
3562
3647
3695

R

1T4

2532
2537
2581
2674

+

(2 )
1,2,3
1,2,3

3160

>5
>2.0

>2.0

£ex,keV

J

1711

2,3

2069

1

<0.5

2503
2583

1
(2 )

<0.5
<0.2

3048

2,3

>i.o

3329

1

3484

1
1

r&

0
1
1

1.35(18)
0.64(40)
0.67(34)
1 0.74(20)
1 0.60(16)
1 • 0.46(14)
1 0.90(38)
1 0.41(7)
0 2.54(48)
0 1.06(42)
1 0.50(27)
1 0.76(29)
0 1.81(53)
1
1.14(14)
1 0.58(18)
0 2.11(31)
1 0.68(18)
0 1.75(26)
1 0.47( 8)
0 1.20(69)
1 0.48(16)
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+

R
>6

1.6(8)

<0.5

cause large changes in the number of quasiparticles. For this reason, one could
expect that experimenters would mainly observe cascades with intermediate
levels of few-quasiparticle structure.
Table 2 demonstrates a comparison between the data of the Jn = 1 + states
obtained from the (7,7'), refs. [1], and the present measurements of the (n,2y)
reaction for the l56>l58Gd,l64Dy, and 174Yb nuclei. The table also gives the
energy of the observed levels and the measured branching ratios for cascade
transitions leading to the ground and the first excited states. If the final transition to the ground state, 0 + , or to the first excited state, 2 + , is not observed in
our measurements, an upper estimate for the branching ratio was given, assuming that the intensity of this transition is approximately similar to the minimum
detection limit of our spectrometer.
Unfortunately, among all the known J* = 1 + states, only one level (from 10
known levels) in the 15GGd, not more than three states (from 16) in the 158Gd,
two levels (from 7) in the l6iDy, and not more than six levels (from 20) in the
174
Yb nuclei were observed, despite the fact that the average intensity of these
cascades is at least twice the detection sensitivity of our spectrometer.
If the partial width distributions of the primary transitions are taken to be
similar to the value predicted by ref. [10] then, at least one half of the known 1 +
states (decaying to GMDR states) should be observed in the measurements. For
this reason, the primary i?l-transitions between compound states with Jr =
2" and Jn = 1 + states with a vibrational nature were found to be weaker
than all of the other transitions to the J* = 1 + states. This conclusion is in
accordence with the idea concerning the dependence of the cascade intensity on
the structure of both of the intermediate level and the compound state [2,3]. A
more precise conclusion could be drawn if the 7-decay cascades were measured
for different neutron resonances in the same target nucleus.

2.1

Pure K* = 0, and K* = 1 states in deformed nuclei

Among the intermediate levels (observed in 7-decay cascade measurements, and
decaying to the ground and first excited states), there is a limited number of
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levels which can be classified into two distinguished groups according to the
ratio R = B(M1,1+ -* 2+)/B(Ml} 1+ -+ 0 + ). This ratio for the first group is
rather large, R ~ 2, whereas it is relatively small, e.g., R ~ 0.5, for the second
group. According to the Alaga rule [11], the first group of intermediate levels
corresponds to the pure K* = 0+ band, while the other group corresponds to
the K* = 1+ band.
In the excitation energy range 2 < Eex < 4 MeV, see table 1, we found
that the maximum possible number of K* = 1 + states were: 18 in 156Gc/, 18
in 158Gd, 10 in 164Dy , and 10 in U4Yb. For all of these states, the coefficient
R had a value 0 < R < 0.5. Consequently [11], these states may belong to the
Kn = 1 + band. Table 1 also shows some levels for which the coeficient R is
~ 2. These levels, according to [11], are probably pure K* — 0 states at an
excitation energy higher than 2 MeV.
However, it should be noted that the exact determination of pure states
in deformed nuclei needs a more developed technique and more precise measurements of different multi-7-decay cascades. The advantage of studying the
7-decay cascades comes from the fact that the cascade intensity, *Vr—(^AI/FA)*
( r , / / r , ) , connecting the levels A,z, and / depends only on the paritial widths
T\i, Tij (of the primary and secondary transitions), and on FA, and F, (of the
compound state level A and the intermediate level i). Therefore, transitions
with small F,-/ will be measured only if the width of the primary transition FA,,
populating the intermediate level i, is large enough.
As it can be seen from table 3, not less than«25-50% of the intermediate levels
with J* = 1 + (in case of deformed nuclei) and, possibly for the first time, all
the J* = 1* states for the transitional nucleus 196Pt were observed. Note that
the above results are obtained using the values predicted by the Fermi-gas level
density model with a back-shift, ref. [10]. In the above mentioned deformed
nuclei, it was found that the observed number of intermediate levels from intense
and resolved cascades populating the 0 + and the 2* states in the rotational band
of the ground state varies slightly from nucleus to nucleus. This number is (in
all cases) less than that one predicted by the Fermi-gas model. The background
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analysis for the cascades leading to the 4 + final states are much more noisy, and
the corresponding observed number of these cascades populating the 4 + state
member of the ground state band is even less. Therefore, it possible to study
more than half of the Jw = 1 + states through two-step 7-decay cascades with a
modest experimental facility, two Ge(Li) detectors of 10% efficiency.
In general, very little is known about the even-even deformed nuclei in the
excitation energy range 2 < Etx < 3 MeV. Modern pulsed neutron sources and
possesion of high efficiency detectors would be very helpful in studying all of the
states with J* = 1* in deformed nuclei and determining their 7-decay modes
for a specified number of neutron resonances.

3

The J* = 1+ states in the mPt nucleus

The platinum isotopes are situated in a particular region where the stable shape
of nuclei changes from a sphere (as in Hg and Pb) to a highly deformed shape
(as in rare-earth element nuclei, e.g., Os). For this reason, transitional regions
are of special interest for testing nuclear models.
The level scheme of the l96Pt nucleus has been determined either experimentally from the study of the l96Au and 196 /r decay [12, 13], the stripping
(d,p) and the inelastic (d,d') reactions [14, 15], the (n,7) reaction [16, 17], and
the (p,t) reaction [18], or predicted theoretically by the 0(6) limit [19], and the
IB A model [20].
Although considerable data have been reported on the low lying levels of the
196
Pt nucleus, our understanding of its structure is still unsatisfactory. Moreover, there is no available information about the J* = 1 + states. The present
work is an experimental trial to shed the light on the J* = 1 + states in this
transitional nucleus.
Table 3 shows clearly that the observed number of intermediate levels with
J* = 1 + in the196Pt nucleus is much more, >1.5 times, than the observed states
in the previously studied deformed nuclei. If the values of level density predicted
by the model [10] express reality, then all the intermediate states with J* = 1*
could be observed in the measurements of the 7-decay cascades in this nucleus
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Table 3. Average intensity of cascades, < i^p >, and the observed number of
intermediate level cascades, N cxp , in the excitation energy range 2 MeV < Eex < 3 MeV.
Lc is the experimental threshold sensitivity of resolved cascades (in % of decays). Nca/ is
the predicted number of states with spin J* — 1 + , according to the Fermi-gas model [10].

Nucleus

156

Gd
2"
l58
Gd
2"
l6A
Dy
2", 79%
3 " , 21%
174
Yb
2", 36%
3 " , 64%
l96
Pt
1-

N ca/

33
25
62

cascades to the final level:
J f f =4 +
Jw=2+
< i%* > N exp < i'ff >
N eip
< i£' > N " p
33 0.137(24) 26
0.046( 7)
15 0.039( 6)
L
L c =0.02
L c =0.03
c =0.04
16 0.041( 5)
26 0.093(13) 12
0.061( 7)
L c =0.04
L c =0.02
L c =0.03
25 0.131(12) 11
0.108(25)
16 0.069(15)
L c =0.08
L c =0.02
L c =0.05

22

12 0.068(17)
L c =0.02

26 0.108(16)
L c =0.03

19

0.081(10)
L c =0.04

8

21 0.196(21)
L c =0.04

24 0.141(17)
L c =0.06

27 -)

0.266(61)*)
L c =0.08

- the second excited state with J* = 2 + .
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up to an energy of ~3 MeV, or higher. Some of these levels are, naturally,
assumed to belong to the GMDR states fragmented over many nuclear levels.
This assumption can be attributed to the following two arguments:
- the total intensities of all the two-step cascades leading to the ground, first
excited, and second excited states are equal to 12.2(9)%, 9.5(9)%, and 10.1(21)%
per decay of the compound state, respectively. It was concluded from our
previous studies [3] that the total intensity for the cascades leading to the
ground state is always at least two times less than the ones populating the first
excited state with spin J* = 2 + ; and
- the cascade intensity distribution as a function of nuclear excitation energy
for transitions populating about 45 excited states is presented in figure 1. The
figure shows a peak at Ecx ~ 2.8 MeV with a full width at half maximum of
about 1 MeV. This means that if the GMDR states really exist through the
7-decay of the compound state in the l96Pt nucleus, then an energy of ~ 2.8
MeV and a width of ~ 1 MeV could be given for these states.
Exact conclusions about the peculiarities of the 7-decay of the excited states
in this nucleus could be drawn through a study of neutron resonances populating
the intermediate levels with J* = 0~. In this case, the quadrupole transitions
to the ground state, through the intermediate levels with spins J* = 0 or 2,
are forbidden. Also, the contributions of the transitions of the (E2 -f M2) and
(M2 -f E2) types are negligible. The type of multipolarity for primary El- or
Ml- transitions could be determined from the spectrum of electron conversion
or from the cascade intensities averaged over many neutron resonances.
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4 Conclusions
The two-step 7-decay cascades from the compound state (mainly Jn ~ 2~)
to the ground state in the lS6'l58Gd} 1S4Dy, and 174Yb deformed nuclei show
that GMDR levels built on the ground state are not populated, or probably
populated to an insignificant degree. A possible explanation of this result comes
from the fact that the primary 7-ray transition widths depend on the structure
of the neutron resonances. This means that the low-lying states with fewquasiparticle structure in deformed nuclei are mainly populated through 7-decay
of the compound state with large components of one- or two-quasiparticle in
the compound state wave function. Note that the collective states are not
populated.
The experimentally observed enhancements in the two-step 7-decay of the
compound state of the l96Pt nucleus to its ground state can be explained qualitatively by the presence of GMDR states at an energy of ^2.8 MeV and with
a full width at half maximum of about 1 MeV.
It is worthy to study the 7-decay cascades of compound states in the eveneven nuclei at neutron resonances of small F°. The data obtained from this
study, supplemented with the data obtained from the (7, 7') reaction, will
allow one to select the GMDR cascade transitions to the ground state and will
display the dependence of these cascade intensities on the neutron resonance
structure.
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ABSTRACT
The main results of an analysis of the average parameters for
y-decay cascades of compound states in complex nuclei, after thermal
neutron capture are presented. The experimental data of nuclear level
densities, for certain Jrc, at excitation energies above 2 MeV are compared
with that predicted by two different theoretical models. Cascade
intensities measured over the entire excitation energy range, from the
ground state up to the neutron binding energy, are compared with
different model predictions. Conclusions about the radiative partial width
enhancements for transitions between the compound stale and high-lying
excited stales are given. The problems of estimating the actual
temperature of excited nuclei, and of the experimental possibilities to
observe phase trnasitions and their influence on
discussed.
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y-decay modes are

1

Introduction

The 7-radiatioii emitted after thermal neutron capture has been extensively
studied in the past decades for the full Periodic Table. These experiments allowed one to either determine the peculiarities of the structure of low-lying
states via measurements of level energies, spins and parities, and 7-ray branching ratios, or to investigate the properties of the primary 7-ray spectrum for
capture state(s) decay(s). In fact, little is known about the properties of high
excited states in heavy nuclei, for instance, for excitation energies from 2-3 MeV
up to the neutron binding energy Dn. So, it is necessary to extend our experimental knowledge to the region E^ ~ Bn in order to develop a model able to
describe the properties of nuclei at intermediate excitation energies between the
simple structure of low-lying states and the extremely complicated structure of
compound states.
Nowadays, it is possible to measure and analyse in detail two-step 7-decay
cascades between the compound state (neutron resonance) and a given lowlying state by the technique named "Summed Amplitudes of Coinciding Pulses"
(SACP) [lj. The advantage of this technique is its ability to extract useful
information even in cases where the spaces between decaying states are smaller
than the 7-ray detector resolution.
A comprehensive idea about nuclear level properties in heavy nuclei {A >
100) below the neutron binding energy Bn, and their 7-decay modes, can be
achieved if the following are known:
- the dependence of level density for a given spin on nuclear excitations;
- the dependence of excitation and decay probabilities (via a given channel) of
a certain nuclear level upon its structure; and
- if there are, or are not, any other processes affecting the 7-decay modes, e.g.
phase transitions.
Such information could be easily obtained if a set of high efficiency 7- ray
detectors were used to measure the 7-decay cascades after thermal or resonance
neutron capture in heavy nuclei.
In the present work the main information about, and properties of, high-

lying states in some heavy nuclei in the mass region (114 < A < 196) are discussed. The experimental data of: nuclear level densities at excitation energies
above 2 MeV; the peculiarities of the intermediate levels of two-step cascades;
the corresponding experimental intensities of these cascades; the dependence of
these intensities on the energy of the primary El-transitions; and the experimental possibilities to observe phase transitions and their influence on 7-decay
modes, for these heavy nuclei are presented and discussed in some detail. The
data of these measurements are compared with the analogous ones predicted
by different theoretical models.

2

Level density

The validity of any nuclear model may be tested only when its predictions are
compared with experimental results. Evidently, discrepancies between experimental and calculated values from different theoretical models may occur and
adjustments of these models are necessary to fit the experimental data.
Typical examples of experimental data concerning the number of excited
states at an energy Eex > 1 MeV for some even-even nuclei, l50Sm, l56Gd, and
164
Dy, are shown in Figs. 1-3. The number of levels which were measured that
lie in the energy interval AEex = 100 keV is compared with that predicted by
two quite different nuclear models, namely:
- the Fermi-gas model with a back-shift [2j;
- the Ignatyuk model [3], which makes use of the Strutinsky shell corrections
approach and shell inhomogeneities for a single-particle scheme.
The common feature which can be obtained from all the studied nuclei is:
that although these two models predict the same level density at the excitation
energy Bni they yield different predictions for other ranges of excitation energies.
The first model, ref.[2], gives values close to the upper limits and the second
model, ref.[3], determines the most likely lower limits of the nuclear level densities, see Figs.1-3, for excitation energies up to ~ 3 MeV. The figures clearly show
that all nuclear states excited by primary dipole transitions could be observed
up to excitation energies of 3 MeV, or higher, for cases where the peaks in the
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Table 1. Experimental sum intensities, Z^, of two-step cadcades (% per
decay) to some low-lying excited levels, nj is the number of these levels. ne
is the number of experimentally resolved cascades. n" p , n\h[2], n\h[3] are the
experimental and the predicted theoretical numbers of intermediate levels in the
excitation energy interval 2 < E^ < 3 MeV according to the models mentioned
in ref.[2,3], respectively. Parities for n]xp are unknown. n\h is calculated for
positive parities only.
Nucleus
ll4

Cd

t-rt
12(1)

124

Te

14(1)

l37

Ba

n

f

ne

n}*(2j

n\h[3]

2

162

22

6

2

62

12

8

0.1

23

10

15

13

76(25)

4
3

138

Ba

26(1)

2

70

9

3

1

l39

Ba

102(4)

4

23

10

14

15

l43

Nd

30(2)

3

45

17

13

25

l44

Nd

55(4)

5

39

13

5

2

l46

Nd

34(1)

4

157

41

12

4

lS0

Sm

20(1)

6

188

54

82

1

l56

Gd

26(1)

5 188

51

136

1

n8

Gd

17(1)

44

102

6

57

214

68

lS3

Dy

28(2)

3 139
7 250

l64

Dy

46(2)

6

198

47

211

11

l65

Dy

55(7)

7

180

57

164

58

i68

Er

27(2)

6

131

34

126

15

l74

Yb

22(1)

3

157

44

73

23

l7h

Yb

69(9)

9

155

48

120

58

176
10 236

44
57

160

16

187

81

178

Hf
Hf
l80
Hf
179

17(1)
67(4)

6

10(1)

7

172

49

103

16

181

52(4)

5

212

61

222

94

183^

36(3)

5

180

50

202

71

l87

43(2)

5

235

45

264

129

32(2)

3

139

40

22

2

/f/

W

196

Pt
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two-step cascade 7-ray spectrum were still well resolved. Our experience suggests that the Ignatyuk model describes the density of few-quasiparticle nuclear
states rather than the total level density. The best level density description
for levels excited by intense primary dipole transitions can be attained by a
model in which the energy dependence of level density at low excitation energies is less strong than that actually considered in these two models. This
conclusion will be confirmed again in the next section when comparison between
the experimental and the calculated cascade intensity distributions, Figs.4-7, is
made.
Systematic measurements of the two-step cascade intensities for some heavy
nuclei in the mass region (114 < A < 19G) were carried out in the excitation
energy range 0 < Eex < Dn. Table 1 shows a comparison between the number of
intermediate cascade levels observed in these measurements in the energy range
2 < Eex < 3 MeV and the corresponding numbers predicted from the models
mentioned in ref [2,3]. This comparison shows the differences and indicates the
necessity for more experimental investigations of nuclear level density at excitation energies above 2 MeV, in particular for the mass region (150< A <190).
Additional information about 7-decay cascades for many neutron resonances
would create more convenient conditions for determining the density of nuclear
levels excited by primary dipole transitions, especially in such cases where the
partial radiative width fluctuation is at a minimum.

3

Intensity of two-step cascades and the structure of intermediate levels

For all practical purposes, there are not enough data relevant to the structure of
excited states, for instance, for even-even deformed nuclei above an excitation
energy of ~2 MeV. However, an indirect conclusion about their nature can be
obtained from an analysis of integral characteristics, such as the total intensity
of two-step cascades between levels of known structure. For example, the intensities of two-step cascades exciting the final levels of a single-particle nature
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Fig.l. Number of observed levels with J* = 3 + , 4 +
and 5 + in 1 5 0 5 m for an excitation energy interval oflOO keV (points). Curves 1 and 2 represent
the BSFG (ref.[2j) and the Ignatyuk thermodynamical
model (ref.[3]) predictions

Fig.2. The same as in Fig.l for levels
with J* = l + , 2 + and 3 + in164Dy.
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Fig.3. The same as in Fig.l for levels
with J" = l + ,2+ and 3+ in n6Gd.
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Fig.4. Sum intensity of cascades for the two low-lying
levels in 1 5 0 5 m (% per decay) as a function of primary
transition energy. Histograms represent the experimental data with ordinary statistical errors; curves 1 and
2 correspond to predictions according to models mentioned in ref.(2,3] respectively.
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in 143Nd, l63Dy, and 183IK nuclei are compatible with theoretically predicted
values [4]. Analogous intensities exceed, by at least a factor of 1.5, the values
obtained from the statistical model calculations for nuclei such as 165Dyf 175F6,
1
*///, and 187W\ Such divergence is due to different values of the reduced
neutron width FJJ, or to different structures of the neutron resonances. In the
first case F° is about 10-20% of the average < F° >; in the second case it is
either equal to or greater than < FJJ >.
Experiments show that cascades with large F° mainly excite few-quasiparticle
low-lying final states. Those of small F° excite many-quasiparticle (collective)
high-lying final states of rather complex structure. This result leads to a qualitative explanation [4] of cascade enhancements between compound states with
large F° and states of a pure single-quasiparticle nature. Such an explanation
assumes a system of intermediate levels with reasonable few-quasiparticle components in their wave functions to be excited in the case of a compound state
with a relatively large single-particle component in its wave function (in the
case of a sufficiently large F°). It also assumes a system of a collective nature
to be excited in cases of small single-particle components in the structure of
the compound state. A test of the validity of this assumption requires more
investigations of two-step cascades for different neutron resonances in the same
nucleus.
Figs.4-7 show the dependence of cascade intensities on the energy of E\
primary transitions for 1505m, 156>158Gc/, and 164Dy nuclei. It is clear that
enhanced cascades for these transitions are observed in the region of 2 < E\ < 3
MeV. This enhancement can be attributed to the influence of single-particle
primary transitions between the 4$ —• dp shells, or to the increase of widths
of secondary transitions due to the influence of the Giant Magnetic Dipole
Resonances, GMDR.
Cascade intensities predicted from different model caculations depend mainly
on the nuclear level density of high-lying states and the widths of 7-transitions
which populate and depopulate the excited states of the nucleus. Consequently,
discrepancies between such predictions may occur. Figs.4-7 demonstrate exam-

pies of such discrepancies. Neither the Fermi-gas model nor the Ignatyuk model
describe the experimental results of two-step cascades intensities very well. The
first model fails to describe the low energy part of cascade primary transitions
while the second model is not able to describe the higher part. This can be
explained qualitatively by assuming that different collective structure states
are more weakly excited than those states of few-quasiparticle ones, at least
for the region of the 4.5-maximum of the neutron strength function. Again, as
mentioned before, better agreement with experimental data could be achieved
by a model which can predict the values for level density that lie between the
estimated values from models mentioned in ref.[2,3].
The cascade intensity, 1^ = (Y\ilY\)){Yij/Yi), depends on the partial
widths of the primary A—n and the secondary i—*f transitions. That is why
the intensities summed over all the final states for cascades exciting the same
intermediate level, £ / A-r = ^M/YX, permit the experimental determination of
the sum over a given interval of values, FA,-, irrespective of the excitation energy
of level t. The values of I^y and YLj I-n f° r a l a r 6 e enough set of final levels /,
e.#., n/ ~ 10 — 50 depending on the investigated nucleus, determine the ratio
of the secondary transition partial width to the total radiative width of the decaying level, F.-y/r,-, averaged over a given excitation energy interval. A direct
and similar conclusion about the nature of the observed enhancement may be
obtained when the 7-decay cascades of many neutron resonances in the same
target nucleus are studied. Such investigations will allow a better understanding
of different observed 7-decay structure effects.
The role of collective excitations in 7-decay of neutron resonance ("tails"
of Giant Electric Dipole Resonance (GEDR) and GMDR) can be determined
from an analysis of the ratios between the primary (or secondary) transition
radiative widths to the total radiative widths of decaying levels. The GEDR
"tail" determines the radiative strength function (RSF) of primary transitions.
It may be noted here that the experimental data [5] can be described more
precisely by the GEDR model [G], assuming that at low energy 7-transitions the
GEDR width depends on the temperature of the nucleus and on the 7-quantum

energy. Precisely, the experimental RSF data, obtained over all regions of the
primary transition energies E\ > 0.5 MeV, contain information about:
- shell effects,
- the general influences of the GEDR and GMDR "tails",
- the temperature of the excited nucleus, and
- the presence (or the absence) of phase transitions which may influence 7-decay
processes.
Shell effects appear as local and sufficiently narrow maxima in the background corresponding to the smooth dependence of the RSF upon the 7- quantum energy. Such maxima were observed in the RSF data of 137fl39i?a, and
l
Hf nuclei [4,7]. These shell effects are explained qualitatively by singleparticle transitions between the 4s and 3p neutron subshells.
The influence of GEDR "tails" on RSF is, in general, clearly observed at
high excitation energies in the investigated nuclei. But, little is known about the
effect of GMDR states on neutron resonance 7-decay cascades at low excitation
energies. The influence of GMDR can only be observed for compound states
which populate the levels over which the strength of the GMDR is fragmented.
It is impossible to differentiate the influence of either GEDR or GMDR on twostep cascade intensity without additional information. The nuclear resonance
fluorescence (NRF) is one of the most efficient methods, up to now, for experimental investigations of GMDR in deformed nuclei [8]. This method observes
the GMDR states which have a pure fixed quantum number K and have no
interference with any other excited states with the same J*. These states are
referred as "Scissor modes".
Known GMDR states can, in principle, be excited by two-step cascades connecting the compound states of (J* = 1", or 2") to the ground state of either
even-even nuclei such as 156-158Gci, 16iDyy l74Yb, and l96Pty or even-odd nuclei such as U3Nd and 163Dy. A comparison of the measured [9-13] intensities,
in the mentioned list of nuclei, for the cascades populating the ground state
and the first excited levels with the data corresponding to NRF, ref.[8] for the
even-even nuclei, and ref.[14,15] for u3Nd and 163Dy, shows that known states
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of GMDR, or multi-phonon-particle states, are usually not excited by primary
El-transitions. One can assume in such a case that the experimentally observed
cascades [9-13] mainly excite intermediate levels of the few-quasiparticle structure and not the levels of vibrational states. Also, neutron radiative capture
is selective for, at least, the excitation processes of Scissor modes in even-even
deformed nuclei. It is fair to note here that this conclusion was obtained from a
small set of compound states in the investigated nuclei for which Fj| is greater
than < F° >.
The study of odd mass nuclei is particularly rich in structure information
and experiments on neutron resonance cascades in even-odd nuclei, such as
155 l57
' Gd, 163Dy, l73Yb} etc. may answer the following questions:
- whether the observation of GMDR states in 7-decay cascades, in particular
for resonances of small FJJ, is possible,
- whether the excitation probability of any collective state decreases with increasing FJJ, and finally,
- whether the hypothesis of preferred excitation channels of collective (including
vibrational) states for resonances of small Fj| holds true.
For the cases where cascades of neutron resonances with small FJJ could
excite vibrational states it will be possible:
- to experimentally reveal all the levels related to GMDR, irrespective of the
B(M1) values; and
- to study GMDR built on excited states in deformed nuclei.
The possibility (or impossibility) of selecting the GMDR state from a set of
observed 1 + states in even-even deformed nuclei depends on to what extent K
is a good quantum number for the levels over which the GMDR strength is
distributed and, accordingly, the Alaga rule [1G] holds true.
Resonance built on states corresponding to 7-transitions from the compound
state of l96Pt to its ground-state has been revealed. Fig.8 shows the intensity
of two-step 7-cascades [l~-*Jw—*0+] in l9*Pt versus the excitation energy of
the nucleus. Resonance dependence is noticed in the vicinity of Eo ^ 2.8 MeV,
with a width at half maximum of about 1 MeV. Such clear dependence has not
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been observed for cascade transitions to the first and the second excited states
in 196Pt. The specific character of two-step cascades to the ground state in this
nucleus is distingushed by the unusually large ratio, see Table 2, between the
total intensity of these cascades and the intensity of cascades populating the
first excited state, relative to the corresponding ratio for all known data up to
now. Table 2 lists the sum intensities (in % per decay) for all possible two-step
cascades of El- and Ml-transitions populating the ground and the first excited
states in some even-even heavy nuclei.
Investigation of 7-decay cascades to the ground state of neutron resonances
in Pt with J* ™ 0~ would allow one to obtain cascades of pure El- and
Ml-transitions and exclude, for J* = 1~ resonances, all possible transitions
of E2- or M2- nature. Table 1 shows that all the states in 196Pt up to an
excitation energy of 3 MeV, or even higher, can be observed experimentally.
Figs.8-10 show the intensity of two-step cascades for transitions leading to the
ground and first two low-lying excited states in 196Pt as a function of nucleus
excitation energy. A comparison of cascade intensities at excitation energies of
Eex > 2 MeV for several resonances where J* = 0~ and 1~ would give a reliable
determination not only for the spin but also for the parity of the intermediate
levels. This is assuming that the RSF of primary El-transitions is greater by
few times than the analogous values for Ml-transitions.
196

4

Nuclear temperature and phase transitions

One of the major domains of nuclear research is the behaviour of nuclei as excitation energy is increased, and the possibility that these nuclei reveal information
on the nuclear properties.
The experimental data analysis [17] of level density in heavy nuclei at excitation energies Etx ~ 4 — 5 MeV show that the energy dependence of level density
changes in shape at a certain energy, Et. Below this energy is the region where
many nuclear properties can find their explanation in the superfluid-nucleus
and the constant temperature models. Above this energy, the existance of transitions between the superfluid-liquid and the usual Fermi-gas states (referred
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Table 2. Sum intensities (in % per decay) for all possible two-step cascades
of El- and Ml-transitions populating the ground and the first excited states in
some heavy nuclei.

Nucleus

Ground state

First excited state

A

'77

rexp
77

jth
77

l5

«Gd

2.8(1)

0.9

17.0(5)

3.0

l5

*Gd

4.6(2)

1.4

11.3(4)

4.6

™Dy

3.6(2)

1.3

18.1(6)

5.1

l7A

3.4(3)

1.0

11.8(6)

6.5

12.2(9)

3.3

9.5(9)

7.3

rexp

rr

Yb

196

Pt

These calculations were made using level densities of the Fermi-gas model,
ref.[2], and RSF values according to ref.[6j for an actual mixture of neutron
resonance spins after thermal neutron capture.
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Fig.9. The same as in Fig.8 for cascades to the Fig.10. The same as in Fig.8 for cascades to the
first excited state in 19ePt.
second excited state in 19BPt.

10

0.5

Fig.11. Experimental RSF ( o ) estimates for the pri- Fig. 12. The same as in Fig. 11 for the
139
Ba nucleus.
mary 7-transition energies Ei > 0.52 MeV in 137Ba.
Curves represent the recently developed GDER model
(ref. [7]) using different chosen values for the parameter
M . The curves correspond to M2 = 0.1, 0.25, 0.5, 1,
respectively.
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as phase transitions) can be assumed [18]. Phase transitions determine the features of the nucleus and may manifest themselves not only as a change of the
shape of the excitation energy dependence on level density, but also as a change
of the partial widths of primary transitions, which excite levels whose energies
lie arround Et.
Radiative strength function deduced from measurements of two-step cascades in

137 139

'

£?a show that these nuclei could have temperatures less than

those estimated from the thermodynainical representation T = v/u/a, which
relates the nucleus temperature to the single-particle state density, a, near the
Fermi-surface, and the effective excitation energy u of the nucleus. To improve
the comparison between predicted theoretical values and experimental results
a matching parameter, M has been introduced, and the previous relation can
be rewritten in the form T = MJu/a,

where 0 < M < 1.

Figs.11 and 12, show a comparison between the experimental and the theoretical RSF values predicted by the model mentioned in ref. [7] for the cases
where M2 — 1, M2 = 0.5, M2 = 0.25, and M2 = 0.1, respectively. It is clear
that better agreement between the experimental estimates and the theoretical
predictions are obtained as the nuclear temperature is decreased. Also, the figures show that, the slopes of the energy dependence for 137«139Ba nuclei (clearer
in the case of the

l37

Ba nucleus) are changed, relative to that of model calcu-

lations, when the energy of the primary transitions are at E\ ~ 2, and 1 MeV
respectively. These energies correspond to excitation energies of about 5, and 4
MeV in these nuclei. At such excitation energies the dependence of nuclear level
density, for this range of mass, turns from constant temperature to Fermi-gas
status. This is one of the main reasons that the two-step 7-decay cascades of
compound states in heavy nuclei would allow, in principle, the study of possible
phase transitions in heavy nuclei.
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5 Conclusions
The comparison between the observed number of intermediate cascade levels
over the 24 investigated compound states (in complex heavy nuclei in the mass
region (114< A <19G), Table 1) and that predicted by two different theoretical
models illustrates the necessity of additional experimental investigations on the
nuclear level densities excited by primary dipole transitions at energies above
2 MeV. Such experiments are now feasable. A survey of available experimental
data on level density and intensity of two-step cascades demonstrates the lack
of information about the 7-decay cascades of many neutron resonances. The
experimental analysis of cascade intensities of compound states for some heavy
nuclei in this region clearly shows that it is impossible to describe the widths of
primary and secondary transitions for heavy nuclei, in particular, in the region
of the 4.s-maximum strength function, without taking into account the influence of level structures below the neutron binding energy. Experimental results
show a low nuclear temperature relative to the thermodynamical estimates for,
at least, spherical nuclei and illustrate that phase transitions are possible, and
could be measured, at excitation energies ~ 5 MeV for mass A ~ 130 nuclei. The
non-observation of known 1 + states in the Scissor mode for even-even deformed
nuclei may indicate that the neutron radiative capture reaction is a selective one.
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Figure Captions

Fig.l. Number of observed levels with J* = 3 + , 4 + and 5 + in

lS0

Sm for an

excitation energy interval of 100 keV (points). Curves 1 and 2 represent the
BSFG (ref.[2j) and the Ignatyuk thermodynamical (ref.[3]) model predictions.
Fig.2. The same as in Fig.l for levels with J* = 1+, 2+ and 3 + in
Fig.3. The same as in Fig.l for levels with J* = l + , 2

+

+

and 3 in

Fig.4. Sum intensity of cascades for the two low-lying levels in

l64

Dy.

156

Gd.

160

5m (%

per decay) as a function of primary transition energy. Histograms represent the
experimental data with ordinary statistical errors; curves 1 and 2 correspond
to predictions according to the models mentioned in ref.[2,3] respectively.
Fig.5. The same as in Fig.4 for cascades to the three low-lying levels in
156

Gd.

Fig.C. The same as in Fig.4 for cascades to the three low-lying levels in
158

Gd.

Fig.7. The same as in Fig.4 for cascades to the three low-lying levels in
Fig.8. The intensity of two-step cascade transitions of the type 1~~—>J*<-»0+
in

196

Pt versus the excitation energy of nucleus.

Fig.9. The same as in Fig.8 for cascades to the first excited state in

196

Pt.

Fig. 10. The same as in Fig.8 for cascades to the second excited state in
Fig. 11. Experimental RSF ( o ) estimates for the primary 7-transition energies Ei > 0.52 MeV in

l37

Ba. Curves represent the recently developed GEDR

model (ref. [7]) using different chosen values for the parameter M . The curves
correspond to M2 = 0.1,0.25,0.5,1, respectively.
Fig. 12. The same as in Fig. 11 for the
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139

Ba nucleus.
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ABSTRACT
The narrow resonance approximation is applicable for all low-energy resonances of
the heaviest nuclides. This is one of the greatest importance in neutronic calculations,
since, fertile isotopes do not make fission at resonance energies.
The effect of
overestimating the self shielded group averaged cross-section data for a given nuclide
can be fairly serious.
In the present work a detailed study, and derivation of the problem of self-shielding
are carried-out, through the information of Hansen-Roach library which is used for
criticality safety analysis. The intermediate neutron flux spectrum is analyzed, using
the narrow resonance approximation. The resonance self-shielded values of various
cross-sections are determined. Data are presented in tables, and, are comparable.

INTRODUCTION
Multigroup cross-section data must be determined from the basic nuclear data in a
fashion that is consistent with the way in which it is to be used. For most processes,
(absorption, fission, ...,etc.) that means averaging the actual data over the various
energy groups with the scalar flux (of a similar system) being used as a weighting
function.
In fast systems, when the resonance escape probability is less important, the selfshielding factors and thier effects are not apparent. For energies just above the
resonance, there is very little absorption and the flux is assumed to be in its asymptotic
form.
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At the resonance energy range, the flux O(E) and the corresponding
cross-sectional data a (E) vary dramatically. The slowing-down source is due to
elastic scattering.
To develop an expression for the flux based on the narrow
resonance (NR) approximation, we must consider the first-flight escape probability to
determine the self-shielding factors, whenever the fuel
lump is very large or very black. When the fuel lump is very small the first flight
escape probability is approximated to unity. The nuclides, having resonance data differ
from one master cross-section library to another, are 23 5U, 238U, 232Th,
233U,237Pu, 238Pu and 240Pu.
The slowing-down due to 23 5U, 238U and oxygen; which is present in the fuel have
been represented explicitly.
The narrow resonance approximation is assumed to be
applicable to each of the nuclides in the fuel (238U,235U and O). Non-resonance
nuclides inside the fuel are referred to an internal moderators; such as oxygen.
The main objective of this work is to give detailed mathematical configuration of the
problem of self-shielding factors affecting the flux in the fuel element and moderators.
These effects are very important through criticality calculations. Hansen-Roach crosssection library is used as a tool in these calculations. It is a sixteen energy groups,
originally developed as five groups of fast neutrons. The lowest energy group was
divided as ten epithermal energy groups and one thermal energy group. So that,
critical assemblies have an intermediate neutron flux spectrum over a large scale so the
resonance flux is affected by the self shielding factor.

MATHEMATICAL REPRESENTATION OF THE PROBLEM
Basically, for neutrons of energy E A ; just above the resonance range; there is very
little absorption. The flux is in its asymptotic form ' 1 *
OM(E A ) - 0>F(EA) - (Poo -

1/ \ I

s

EA

(1)

Where:
M
indicates the moderator,
F_ indicates the fuel, and,
i is the slowing-down power and is constant.

= l/V (C F S ;F VF+C E £ s ;!| r M)

(2)
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Where:

£wI s M
V
VF
VM

's the slowing-down power through fuel,
is the slowing-down power through moderator,
is the total volume of the fuel and the moderator,
is the fuel volume, and,
is the moderator volume.

Far from
cross-section and
When the fluxes
theorem, it can be
VM P M % F (E)

resonances
I s F = I^M
and is called the potential scattering
is constant for the same element.
through the fuel and the moderator are flat, using the reciprocity
shown that ' ^':
L u f E ) « VF Pp - > M ( E )

Ztp(E)

(3)

Where:
P M _^ F (E) is the escape probability of a neutron of energy E from the moderator
without a collision.
Pp_^M (E) is that from the fuel without collision, the probability of the next
interaction within the fuel is 1 - Pp->M (E).
So, the total collision rate can be written as:

*

J

*

P F W ! (E) I t F ( E )
+

(4)

This equation for <t>F (E), is the basis of Nordheim method. The 1/E source from
the external moderator is represented by the single term on the right hand side. To
get the group averaged cross-sections, from equation (4), the constant value 1/££_
is cancelled out.
For systems having multiple fuel lumps, Fig.(l), the material properties of the
external moderator will become important. The transmission probability through the
moderator affects criticality calculations.
So, the Dancoff factor , C(E), must be
taken into consideration:
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C(E)=

I 8 ( B ) / X t (E)

(5)

o

Therefore, we can write P F

^M (E)

as:

P° F -_ >M (E) - Pfo (E) (1-C) ( | + C Pt + C 2 P t 2 +

)

(6)

or:
= Pfo (1-C) • ( 1 / (1-CPt) )

(7)

Where:
Pfo
Pt

is the first flight escape probability.
is the free flight transmission probability through the fuel.

Equation (7) can be written as:

P°F_>-M =

Pf0

O-C)/(l-(l-lav ZtpC)

(8)

Where:
lav

«

4VF /SF

SF
lav

and

Pt

=

1- lav £

fcPfo

is the external surface of the fuel of volume VF.
is the mean chord length through the fuel lump.

For widely spaced narrow resonances, the flux underneath any given resonance and in
the region between resonances is given as:

<DF(E) -

(1 /(I t F (E)+

I e s < p • (1/E)

(9)

This form of equation (9) is used as a weighting function to produce group-averaged
cross-section data.
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If the resonance nuclide is not infinitly dilute, the group averaged value of the
cross-section must be affected, due to self-shielding.
Since,

o j

= (l/N)(IaF+

Ze

s

- 1^)

(10)

Therefore, the group averaged value of the absorption cross-section formula is written
as:

l

9

) f( i _ _ _ *
" / E )Eg
a ( E ) +
1

) dE/E

9

O

(11)

i

a
-is aproximately constant and is a very weak function of lav £ \-Jjz)- The exact
escape probability is assumed to be ^ \
1- C
a

escT

(1/NF)*(

A
) * (-

lav

)

(12)

1 + (A-l)C

Where
A is a slowly varying function of lav £ t F ®anc * ls tabulated in many
references.
Also equation (8) can be represented by:

CT

esc

(13)

a ^i + a *a 9_
is taken to be constant within any given energy group.
integral over all the resonance energy range is expressed as:

aXF (E)
(dE/E) min

i

-a (E)+a

F. „ _ _

t

i

o\tOT
—

2
o

n
(14)

E a f t Vl+(oV
res
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T he resonance

°

^

Where
T
denotes the total width of the resonance.
From this equation, we can obtain the self-shielding group-averaged value of the
cross-sections.
Since the fission process does not occur in the appropriate manner in
the resonance region, the group average capture cross-section especially for 23 8U is
very important and effective to the flux calculations:

(T/E

)a

ifO

a1;9 = ( i / A u) * ( n / 2 ) i
5-e-L.__JL__
re
*
^l+(cf/o)

({5)

JGg

Using the recent resonance data available, equation (15) is applied for the calculations
of resonance self-shielded, group averaged values of cross-sections as function of

Generally, the self-shielding factor (f) is given by:

f

" < a a F+
^

a

o
O

>* ' ^ l 1 / t a t K E )
Eg

+

a ^ E ) ] }dE/E

(16)

©

CALCULATIONS AND RESULTS
Having used the narrow resonance approximation to derive an expression for the
flux which is valid underneath any given resonance, the group averaged cross-section
for the resonance nuclide i can be calculated by eq.( 11). The limits of Eg and Eg1 are given in table (1) according to Hansen-Roach library. If the resonances are
very narrow compared to the width of the energy group, the original limits of
integration may be retained with little error.
From fig.(2), the resonances are well
separated (as required by the narrow resonance approximation to be valid), and, the
total cross-section underneath any resonance peak is the constant potential crosssection.
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In the case where the resonances are overlapping fig.(3), it is an extreme case.
Consider one resonance of nuclide A directly overlaps another resonance of nuclide
B,
Z 2 ? < < Z ^p underneath the 235U resonance and the cross-section will be
overestimated.
On the other hand, fertile isotopes do not fission at resonance
energies and overestimating
of
a \'g
can be fairly serious, especially in
concentrated systems.
In Hansen-Roach library cross-sections, the effects of Doppler broadening,
resonance scattering and resonance overlap are ignored.
But, this simplified
approach did provide a useful set of multigroup cross-section data which accounted for
the gross spectral effects of resonance self-shielding.
Fig.(4) shows the resonance
self-shielded values of the capture cross-section ( g=8,9,l 0,11,12) for 238U as
function of a ,. These values are taken from the Hansen-Roach library which is
installed in the main frame VAX and can be displayed , at the NC-NSRC.
In the calculations of criticality safety analysis for a storage cask, table (2) gives
the flux at the adjacent zones, where, D ^ was assumed to be negligible and
Zs
was assumed to be constant.
It is noticed that the presence of resonance
nuclide can not be accounted at the adjacent zones.
Calculations of eq.(16) are presented in table(3). It gives the self-shielding factors
for
238U at various a o .
These data are comparable with that published
inref(l), and are satisfactory.

Table 1 : Fine-to-Broad Group Relation.

Broad Group

UpperEnergy

Number

(eV)

Fine"
c
Groups

1

2.0000+7

1-4

2

3.0000+6

5-9

3

1.4000+6

10-17

4

9.0000+5

18-31

5

4.0000+5

32-37

6

1.0000+5

38-48

7

1.7000+4

49-55

8

3.0000+3

56-66

9

5.5000+2

67-78

10

1.0000+2

79-108

11

3.0000+1

109-124

12

1.1500+1

125-140

13

3.0500+0

141-182

14

1.0000+0

183-196

15

4.0000-1

197-208

16b

1.0000-1

209-218

a read 2.000 x 10 .
b bottom energy of group 218 is 1.0000 x 10~ eV,
c fine-group energy structure( 4 )

3*1

Table

2

: The Flux and the Cross-sections for the Fuel and
the Moderator at the Adjacent Zones.

Broad
Group
Number

Flux

1

6.566

**
1.3465(-1) 8.6535(-l) 5.193

9.5284(-3) 9.9047(.l)

2

11.607

1.1382(-1) 8.8618(-1) 9.426

0.0

1.0

3

5.814

6.0574(-2) 9.3942(-l) 4.65

0.0

1.0

4

8.653

5.2028(~2) 9.4797(-l) 6.981

0.0

1.0

5

10.0207

0.0

1.0

6

6.2406

7.592H-2) 9.2408(-l) 5.7141 0.0

1.0

7

4.895

1.0753(-l) 8.9246(-l) 4.718

0.0

1.0

8

4.326

2.1774(-1) 7.8226(-l) 4.359

5.9453(-5) 9.9994M)

9

4.085

5.4237(-l) 4.5763(-l) 4.176

2.378K-4)

9.9976M)

10

2.6686

8.3222(-l) 1.6778(-1) 2.9779

4.7526(-4)

9.9952(.l)

11

2.2479

8.5348(-l)

12

2.232

9.0806(-l') 9.1940(-2) 2.74

1.4863(-3) 9.985K.1)

13

2.1012

4.4114(-1) 5.5885(-l) 2.4364

2.6754(-3) 9.9733(.l)

14

1.7666

6.1663(-1) 3.8309(~l)

1.9153

3.5318(-3) 9.9647(-I)

15

4.7356

8.1689(-1)

16

Fuel

22.806

Moderator

Absorp.
X-section

Scatter.
x-section

4.3593(-2)

9.564K-1)

*
Flux

8.8116

1.4652(-1) 2.5766

1.8305(-l) 5.8095

9.2387(~1) 7.5802(-2) 41.0317

* The neutron, flux.is,in arbitrary units.
** (-1) means multiplication by

10

3U2

Absorp.
x-section

Scatter.
x-section

8.3234(-4) 9.9916(.l)

4.847K-3)

9.9515(^-1)

6.1959(-3) 9.9380(-l)

Table
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: The Self-shielding Factors for

238
U at Various

o

f

Group
Number -

oo

104

at

equal to:

6

103

102

10

0

8

1

1

1

0.99

0.98

0.93

9

1

1

1

0.98

0.89

0.80

10

1

0.99

0.99

0.96

0.75

0.60

11

1

0.98

0.96

0.94

0.56

0.50

12

1

0.94

0.90

0.88

0.43

0.30

13

1

0.83

0.80

0.76

0.30

0.15

14

1

0.75

0.74

0.70

0.1

0.09

3U3

CP

H?
FUEL

MOOEMAtOn

cr

ro

ror.

FUEL

rip
c

r

»7
rori

M/f I

I

run

eic

n~cir,o

F i g . (1)

Transmission of an uncullfdaJ nculion lliiough a lalllcc.

RES N0.3
RES N0.1

1O 3
1O

I
II

RES NO A _

ji
RES N0.2

2

235

IF

U

!I 2 3 0 u

2350

M
M

JJ238U

I
/1

»0

\

/

10"

•g-1

E

Fig.(2)

Well-separated resonances in a mixture of

40°

-

w
101

Fig.(3)

1

Hypothetical case of resonance overlap in U0..

1

1

/

GROUP

12/
72 -

60

-

48

-

36

-

LIMIT* HO

GROUP 8 550 eV -•3000eV
GROUP 9 100 eV - 550 eV
GROUP 10 30 cV - 100 eV
lOeV 30 eV
GROUP H
10 «V
3eV
GROUP 12

/GROUP 11
/UMIT«56
-GROUP 10
LIMIT = 50

CD

/

24
9
__ —»
0
101

10'
fig(4)

10'

10-

—"

/GROUP 9
„ / LIMIT = II
—-—/GROUP 8
LIMIT = 2
5
10

Resonance self-shielded gcoup-avecaged (n,V )
238
ccoss section for
U as function of [<T~0).

3U5

REFERENCES
1- R.D.Busch, "Validity of Hansen-Roach Cross-sections in Low Enriched
Uranium Systems", New Mexico Univ. Albuq uerque, NM, USA, Inter.
Conf. on Nuclear Criticality Safety, Oxford, UK, (1991).
2- J.A.Bucholz, "Notes
on Some Elementary Resonance Self-shielding
Techniques
Used in SCALE", ORNL, USA, Private communications,
(1995).
3- J.Oppe, "Improved Calculations of Flux Shapes with the
Resonance
Shielding Code NIT AWL", Netherlands
Energy
Research
Foundation, (ECM), Petten (Netherlands), (1993).
4- W.E.Ford et. al., "A 218 Group Neutron Cross-sections Library in the
AMPX Master Interface Format for Criticality Safety Studies", ORNL/CSD
/TM-4,(1976).

3U6

EG9601764
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ABSTRACT
When applying perturbation theory in collision probability formalism , a
term involving the perturbation effects on the spatial transfer kernel arise .
This term is difficult to evaluate correctly , since it needs an integration over
the entire reactor volume . In the present work a mathematical treatment of
this term is performed . A new mathematical expression for this term is
derived . The new expression can be estimated more correctly and easily.

INTRODUCTION
Perturbation

theory is commonly used in evaluating the

reactivity effects*1 * , particularly

those effects resulting from small and

localized perturbation in multiplying media ,e.g. in small sample reactivity
measurements . The Boltzmann integral transport equation is generally used
for evaluating the direct and adjoint fluxes in the heterogeneous lattice cells
to be used in the perturbation equations .When applying perturbation theory
in this formalism

a term involving the perturbation effects on the spatial

transfer kernel arise* ' . This term is difficult to evaluate correctly , since it
involves an integration all over the entire system . The main advantage of
perturbation theory which is the limitation of the integration procedure on the
perturbation region is found to be of no practical use in such cases.
Significant errors may arise in problems where perturbation in the
resonance region are concerned*3*1*4*, or when the perturbation in scattering
properties are important, or in a strongly coupled systems such as light water
(2)

reactors v ; .
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In the framework of improvement in perturbation theory methodology ,
several aspects have been treated . An equivalence principle was proposed
to improve the results in adjoint neutron flux spectrum evaluation *5'6*. A
methodology for obtaining more accurate self shielded cross section was
elaborated*7* . A mathematical correlation between the values of reactivity
effects calculated \n fine structure formalism and in multigroupe formalism
was established , and

the discrepancy in multigroupe calculation was

estimated and analyzed for different categories of perturbation in light water
reactor system.

In the present work the perturbation equation in the collision
probability formalism

is analyzed . A mathematical treatment of a term

representing the perturbation in the spatial transfer kernel is performed . A
new mathematical expression which can be estimated easily is derived .

COLLISION PROBABILITY FORMALISM

The Boltzmann integro differential neutron transport equation can be
written in operator form as follows:(K-S)(p «

\r<p

0)

Where;
K<p - div ( n . <p (r,v,n) I + X, (r,v) q> (r,v, Q )

(2.a)

S <p - J dv J tl O [ E (r,vv— v , ££-> O) cp (r,V; O )

(2.b)

Pq> =

(1/4TI

). J dv J d O x (r,v). v & (r,v) J <p (r,v,

- r

3^8

ti)

(2.c)

A. is the Eigen value
Equation (1) can be rewritten in the form:( I - K"1 S ) <p =X K"1 P <p

(3)

where I is the unit operator
Define the space transfer kernel x (v,rW r ) by the relation:
K.T(v,r — r ) 5 ( Q - ( r - r ) / | r - r|) - 5 ( r- r ) .5 ( D - (r^- r) / |r - r|)(4)

Then equation (3) can be written in the form:cp (r,v,H) = fdr x ( v,r ~* r ) f dv7 d ti [ £ (r,vv-— v , ti~* Q.)
+

(7J4K

). x (r,v). v I f (r,v) 1 q» (r,v, Q )

Equation (5) is the basic equation, in

(5)

the collision probability

formalism. Several international cell calculation codes such as APOLLO

(9)

WIMS ( 1 0 * and many others are based on the solution of such equation.

PERTURBATION THEORY FORMALISM

The reactivity effect resulting from a perturbation in reactor physical
parameters can be evaluated using perturbation theory formalism.
In equation (3) if S, P and K represent the perturbed operators, the
perturbed flux is obtained by the relation.
tp= K " ! . ( S + X P)(p

(6)

where; X is the perturbed eigen value
The adjoint neutron flux distribution in the non perturbed case is
obtained by the transposed equation to equation (3), i.e.
-i

q> * -

( S T U P T ) KT.(p *

(7)

-i

T

T

T

where S , P and K are the transpose of operators S, P, K respectively.
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Multiplying both sides of equation (6) by 9 * and equation (7) by 9, integrate
over space and energy variables, and then substracte the resulting
expressions. The reactivity effect {X

-

X) can be evaluated by the

expression:-

(X - X). < <p* , K l P 5> > - «p* , K 1 ( AS + X A P) q> >
+ < cp* , A K'1 ( S + X P) cp>

where AS = S - S,

(8)

AP = P -P and A K ' - K"1 - K 1

< , > signify integration all over space and energy variables
It can be seen in equation (8) that the right hand side contains two
terms. The first one takes into account the perturbation in the scattering
operator S and the fission source operator P. The second term takes into
account the perturbation in the spatial transfer kernel K-1. For a localized
perturbation the integration of the first term will be limited to the perturbed
zone, which can be easily performed. The

second term requires an

integration all over the reactor space volume. This integration is difficult to be
performed correctly.

PROPOSED FORMALISM
In the following, we shall try to develop a formalism to take into
account the

effect of perturbation \n the space variable, which can be

evaluated easily.
Using the characteristics of the transposed operators, the second term in
equation (8) can be written as : -

< q>* , A K'1. ( S + X P) (J> = < ( S T + X PT) A KT cp* , 9>

since
KT . KT

=I

Then by derivation
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(9)

From equation (2.a)
KT= -div n

+Zt

Then AKT = A Z ,

(19)

Then the left hand side of equation (9) can be expressed by :<cp*,AK'. (S + A.P)<p> - - < AE,Q*,(p>
= -<Q*,A£'cp>

(20)

Again if we define the function Q* by :Q* =K T q>*

(21)

Then, the first term in the right hand side of equation (8) can be expressed
by:<(p* , K"1. ( AS + A. A P ) < p > = < Q * . ( A S + A. AP)cp>

(22)

Finally the total reactivity effect is calculated by the expression :-

( X - X) = D-1 [< Q* . ( AS + A. A P) 9 > - < Q*, A Z. qi> I

(23)

Where D is the total importance expressed by :-

Q*(r,v,O). J d v / d O [()J4n ). % (r,v) . v £f (r,v) ] <p (r,V; D )
(24)

AP)(p>= Jdrjdvfdn Q* (r,v,Q).
I d v l d O ' / d v I d Q | A I (r,v-• v , n"-v £1)
it). A |x (r,v) . v £r (r^) ]] cp (r,v, Q )

A Z t 9> = far Jdv J dQ Q* (r,v,Q). A E t (r,v) 9 (r,v, Q)
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(25)

(26)

-'

K1

AK'+

*.

AK

T

-I

KT

-0

Apply these operators on q>*
Kr

AKr

(p^-AK1

KT<p*

Define the function Q * such that
~ -t

Then from equation (11) it can be written that

-AKT

-'

~ -»
<p* = ( K T ) ( A K

T

Q*)

(13)

Applying the operator ( ST + A. PT) on both sides of equation (13 )
-i

( S T + 5LPT) A K

T

^

^ ^

^

-'

<p* = - ( S T + ^ P T ) ( k T ) (AK T Q*)

(14)

From equation (7) it can be written that
( S T + 1 p T ) ( K T ) (AKTQ*) = (AKTQ*)

(15)

Then
( S T + i p T ) A K T <p* = - AK T Q*

(16)

Again it can be written that
( S T + X PT) A K T <p* = - AK T Q* - (X - X) . P r . A K \ q>*

(17)

The second term in the right hand side of equation (17 ) can be
neglected, since it represents the effect of fission neutrons. It's effect is
limited in the fast energy range, where the term A KT is negligible . Then it
can be easily approximated that

(S

T

U P r ) A K T cp*= - A K T Q *

(18)
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CONCLUSION
The perturbation theory equations in the collision probability
formalism is analyzed . A mathematical treatment of a term concerning the
perturbation in the spatial transfer kernel is performed . A new mathematical
expression for this term is derived . The new expression can be estimated
more easily .
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PERFORMANCE STUDY OF SWITCHED MODE HIGH VOLTAGE
POWER SUPPLIES BY SIMULATION

IMBABY I. MAHMOUD, M.S. ISMAIL and S.A. KAMEL
Engineering Department, Nuclear Research Center
Atomic Energy Authority, Cairo, Egypt

ABSTRACT

Nuclear experiments need precise and accurate high voltage supply for their transducers
to maintain their performance. The basic switching power supply unit, which is used for this
purpose, consists of a dc-to-dc converter, an error amplifier and a power amplifier. Usually, a
P WM chip is used to generate driving pulses for the dc-to-dc converter. The driving pulses are
fed to the primary coil of a center-tapped ferrite core transformer through a B JT push-pull
configuration or power MOSFET switches. There are two schemes for the dc-to-dc converter
regulation. The first scheme generates fixed duty cycle driving pulses and controls the voltage
level applied to the primary side of the transformer. The second scheme is based upon the
control of the duty cycle of the driving pulses via the controller while the voltage level is
kept constant. Both variables, voltage level and duty cycle, can be controlled simultaneously.
In this paper, a PC software simulation tool is employed to analyse the performance of both
schemes. From simulation results, both schemes are found to recover almost within the same
time after load application where as the second scheme suffers from slight increase of
overshoot in the transient response. The first circuit has been constructed practically for a
0-2KV/lmA supply and its performance agree well with simulation results.

INTRODUCTION
The switch mode power supply (SMPS) is a class of power supply that makes use
of electronic switches to process the electric power. Since ideal switches do not dissipate
power, this power supply can be designed to have, in theory, 100 percent conversion
efficiency and infinitely small size. Because of the highly nonlinear nature of the switching
circuitry, it is difficult to optimize a design. Analytical treatment of systems combining both
linear components, as well as switched mode components is a very complex task( M) . The high
performance and low cost of PCs allow the use of digital simulation methodology to deal with
such kind of systems with relative simplicity while still preserving accuracy. In the past,
custom-built software programs based on mathematical algorithms are used for simulation
of control circuits(3). Nowadays, ready made pakages are used for the same purpose due to
their flexibilit/and powerfull GUIs (Graphical User Interface). PSpice version of circuit
simulation program SPICE has been used as a CAD tool for such purpose(4). In this paper,
a simulation package called VisSim(5) is employed to investigate the performance of different
schemes of SMPSs. Models for the two different schemes are excercised under the same
simulation conditions and using the same circuit elements. Section 2 describes both circuits.
Section 3 presents simulation results and discussion.

The circuit considered here utilizes the TL594 integrated circuit. It is a fixedfrequency PWM control circuit which includes an adjustable two phase square wave
generator driver, a pulse width modulator, a reference dc voltage, a high gain operational
amplifier and output control logic which allows single-ended or dual channel push-pull
operation. The voltage reference Vref is adjusted by using a voltage potentiometer connected
across the voltage reference source. Since TL594 is capable of driving MOSFETs directly,
the two switches gates are connected to the output of the chip. Fig. 1 shows scheme 1 which
355
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Fig. 1 .Schematic Diagram of Scheme !.

0-2KV

uses TL594 to generate fixed duty cycle driving pulses for MOSFET switches. A sample
of the output voltage Vo is subtracted from the voltage reference Vref (that difference is also
known as the error signal) and applied to the PI controller. The output from the controller
derives a power buffer amplifier, with bi-directional current capabilities, to drive the center
tap of the transformer primary coil. The secondary coil of the transformer is connected to
a voltage doubler circuit, selected in a configuration that minimizes the output ripple voltage
as well as forming a symmetrical load for both half periods of the converter driver.
The second scheme uses fixed voltage on the transformer center tape and controls
the duty cycle of TL594 via the PI controller. This is acomplished by connecting the output
of PI controller to the input of TL594's error amplifier (e.g. pin #1 in Fig.l).

SIMULATION RESULTS AND DISCUSSION
The VisSim simulation package(5) on an IBM-PC has been used. The fourth order
Rung-Kutta algorithm(2), with time step of 1* 10"7 sec, has been selected for numerical
solution of differential equations. D ATATRONIC PT. 27708 9331 ferrite core transformer
model (I) is used as the transformer model.
Fig. 2 shows the output of scheme 1, from power on to steady state response, for
different Vrcf values, and with load resistor selected at each of these values so that a current of
1 mA is sourced from this supply. Fig.3 shows the output of scheme 2 for different Vref values.
Note that, in both cases, the system is stable, with very small steady state error.
Fig.4a shows the output of scheme 1 for steady state output of 1000 V, while a filter
on Vref is not applied. The value of the overshoot is about 13 V (= 1.3%). Fig.4b shows the
output of scheme 2 using the same circuit elements ofFig.4a and under the same simulation
conditions. The value of overshoot is about 28 V (< 3%). Fig.5 shows the transient response
of scheme 1 due to an additional current loading of lma. The loading is first applied as a
current load pulse with a duration of approximately 5.5 jisec. When the system recovers from
this pulse loading, another load is applied, this time is in the form of a 1 mA step load (the
effect of loading is observed as an output error of approximately 2 V on the curve of Fig.5).
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Notice that the system recovers within 19 msec, in case of the steady state output for this
simulation run is 1000 V. Fig.6 shows the transient response of scheme 2 due to a step loading
represented by an output error of 10 V. Notice that the system recovers within 20 msec,
which is almost the same as scheme 1. Fig.7.a & Fig.7.b show the controller gain and phase
plots.
Since the recovery time is a function of the output filter and the loop response(7), both
schemes are almost the same for recovery requirements. If it is important is not how long
it takes for the output to recover, but how large the magnitude of the recovery transient is,
both schemes are adequate.
In Ref.6, the practical realization of scheme 1 is reported. The implemented circuit
is used as an integral part of the engineering department products. Although scheme 2 is also
implemented in Ref.6 ,but without a feedback controller, no comparison between the two
schemes is performed.
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LOW NOISE MAGNETIC PHONO PREAMPLIFIER
FOR SLOW NEUTRON TIME-OF-FLIGHT
SPECTROMETRY
M. A. ABU EL-ELA
Reactor and Neutron Physics Department,
Nuclear Research Center, AEA, Cairo, Egypt

ABSTRACT
The present paper deals with the design and construction of a low noise
(i.e. fraction of microvolt) preamplifier. The integrated circuit used in
building it, is self protected and needs a single supply voltage about 30 volts.
It can help in magnifying a picked-up magnetic phono pulse of the order of
millivolts to about 20 volts. The output connection is preceded by a unit gain
follower to match its low impedance to the following high impedance of
single channel analyzer. The present preamplifier (in the reactor hall) is able
to produce the pulses required for triggering a single channel analyzer
located at 70 m distance (in the control room).

INTRODUCTION
One of the main problems in the slow neutron time-of-flight (TOF)
spectrometry is the transfer of start pulses of the order of the noise level,
to long distances where they could be lost. Hence appears the requirement
for magnifying the primary start pulses from the order of millivolts to values

365

amount to 20 volts. This enables to transfer the magnified pulses to the
required long distances.
During the recent construction of a slow neutron TOF spectrometer, there
was a need for very sensitive equipment that can help in transferring a
magnetic phono pulse from a magnetic pick-up head (in the reactor hall),
within millivolts to trigger a single channel analyzer (SCA), 70 m apart., (out
of reactor hall), without any distortion and with the minimum level of noise.
The output pulses of the SCA are standard of TTL type, trigger both the
multichannel time analyzer and the rotation stabilization system of the D.C
motor that drive the rotor of the TOF spectrometer.
The present work deals with the design and construction of a low noise
(i.e. fraction of microvolt) preamplifier.

THEORETICAL BACKGROUND
It is known from the theory of feedback that the feedback signal may
either augment the input signal or tend to cancel it. The feedback is negative
in case when the feedback signal is a negative one. The negative feedback
(NF) improves the frequency response characteristics and reduces the
waveform distortion. This process is represented in Fig.(l). Accordingly, a
voltage pV0 is added to the input signal Vj, so that the total input signal
voltage to the preamplifier is;

Vj=yi+/sv0

CD

Hence,
(2)

V =

V ) = aV.+ap V

Q

so that

V0{l-ap)^aVi
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or

V

'~T

Thus, the overall gain of the preamplifier with feedback is

t

The gain a may be greater or smaller than that of the preamplifier alone,
depending upon the algebraic sign of a p. When a p is a negative quantity,
the overall gain is reduced as, in effect, the feedback voltage cancels a
portion of the input signal. If the preamplifier gain is very large, so that
-a P » l , the overall gain reduces to :
•'-!

(5)

Consequently, the gain depends only upon the properties of the feedback
circuit.
Usually, the feedback network is a single combination of resistors and/or
capacitors. Therefore, the gain is independent of variations in transistor
parameters in the used IC preamplifier. In addition to this desirable
improvement in stability, the gain may be calculated from circuit values of
the feedback network alone and there is no need to know the h parameters
of all transistors in the circuit.
Negative feedback is also effective in reducing waveform distortion due
to the preamplifier. Waveform distortion results from a nonlinear transfer
characteristics, which may be interpreted as a smaller gain where the slope
of the transfer characteristic is less, and as a larger gain where the slope of
the transfer characteristic is greater. According to Eq. 5, however, the gain
of an preamplifier with feedback is essentially independent of variations
caused by nonlinearities in transistor characteristics. Therefore, the transfer
characteristic is more linear and distortion is reduced.
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Negative feedback alters the input and output impedance of a preamplifier.
This becomes evident when replacing the preamplifier by the Thevenin
equivalent, as shown in Fig. (2).
The output voltage and the input signal are then
V. = aV,-t.r.
and

V,~V,+ft

(6)
V,

(7)

Introducing Eq. (7) into Eq. (6) gives :

K = aVl+a/3K-i.r.
solving for V9 gives;
y ~,

y _

1-ap

« i

1-afl

Eq.(8) represents the expression given by Thevenin(5) for the preamplifier
with negative feedback. The coefficient of V, is the gain which is in
agreement with Eq(3), The coefficient of i0 is the effective output
impedance. According to Eq.(8) the output impedance is reduced, and may
become very small if -ap is large. The effective input impedance is found by
replacing Vo by RJ0 and Vt by rjt in Eq. (6) and (7) and solving for the ratio
V,/i, gives the input impedance:

(9)
1+r/R
•

L

According to Eq. (9) the input impedance is increased by negative
feedback. Both reduced output impedance and increased input impedance
are favorable features in preamplifiers. In order to make the preamplifier
with zero internal impedance and able to deliver maximum power to any
load impedance, a feedback signal proportional to the output current (called
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current feedback) has to be developed; using both voltage and current
feedback in the same preamplifier, according to Fig.(3).
Voltage relations in the output circuit of Fig.(3), are :
K = aV,-i.(r. + RF)

(10)

Similarly, Kirchoff s voltage equation for the input circuit yields

pLR,

(li)

substituting Eq. (11) into Eq. (10) and solving for the output voltage
gives :

/-«/?,

l-apv

Combined current and voltage feedback permits a unique adjustment of
the output impedance of the preamplifier. The output impedance is given by
the coefficient of / in Eq. (12) and can made to vanish if
o

or

r
(14)
F

When Eq. (14) is satisfied, the preamplifier has zero internal impedance
and therefore can deliver maximum power to any load impedance.
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THE EXPERIMENTAL PROCEDURE
During the sixties and seventies many authors used transistorized
feedback preamplifiers apply discrete components. During the past few
years, however, there has been an acceleration in the development and usage
of ICs in many industrial, commercial and research applications.
Accordingly, The selected equipment was integrated circuit (IC), of
negative feedback type. It is LM387 for low noise(0.8u.volt ) magnetic
phono preamplifier(1)
The use of IC's in building the equipment helps in decreasing the noise
level, as well as the electric dissipation followed by heat problems(4).
The selected LM387 IC used in building the present equipment^ is low
noise dual preamplifier for the amplification of low noise signal in
applications requiring optimum noise performance. Each of the two
preamplifier is completely independent with an internal power supply
decoupler regulator. The IC LM387 has selected for its low noise (O.8fivolt)
high gain (104dB), single wide supply operation range (9-30 Volt), wide
bandwidth and short circuit protected ^2\
Fig.(4) gives a connection diagram of a typical magnetic phono
preamplifier
iplifier using the present IC LM387, and its special output
connections,0)
For a good performance of the IC LM387, it is needed to choose a very
good regulated supply voltage. The LM723 IC had been chosen as a
regulated supply voltage to the present preamplifier \ The connection
diagram can be shown in Fig.(5). The details of the electrical characteristics
are given in reference (2).
In order to make matching between the preamplifier and the SCA (70
meter far from the reactor hale, where the preamplifier is present), a unity
gain follower has been connected inbetween, at the output of the
preamplifier. Fig.(6) represents the connection diagram of the selected IC
741 as unity gain follower .
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Typical Maontllc Phono Preamplifier

Out connections circuit dhigrnm

CVol,i= 7 lu 37 Volls)
Irig-(5) Out connections circuit diagram LIYI723
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The good performance of the selected unity gain follower, (that is of dual
polarity supply voltage), have been achieved by supplying it through the IC's
voltage regulators LM7824 and LM7924. The features and the electrical
characteristics are given in reference (2).

RESULTS AND DISCUSSION
The present preamplifier amplifies 2 magnetic picked-up pulses in the
level of millivolt per every rotation of the rotor (or one picked-up pulse per
every neutron burst passes through the rotor ) of the slow neutron TOF
spectrometer. These pulses are designed to have different amplitudes at the
moment of its generation, between the magnetic cells and the magnetic pickup head. The preamplifier is directly connected through one meter cable to
the magnetic pick-up head, since it should be close as possible to the
magnetic pick-up head not to loose the picked-up pulses. A schematic
diagram of the input pulses is presented in Fig.(7). It may be noticed that,
the amplitude of the first pulse is 61 millivolt and the amplitude of the
second pulse is 40 millivolt. The time shift between these pulses at the
chopper rotation rate 1954 r.p.m is 7.5 nsec, it increases to 20 nsec with
decreasing the rotation rate to the minimum value 600 r.p.m and decreases
to 5 nsec with increasing the rotation rate to the maximum value 3600
r.p.m..
The preamplifier magnification decreases that time shift to values, that
can not be detected by the SCA. The amplitude of the first output pulse
mounts to 18 volts and that of the second output pulse increase to 12 volts.
These values are completely enough to yield the following :
1- to cross over successfully the long distance (70m) between the
preamplifier (in the reactor hall) and the SCA (in the control room).
2- to trigger the SCA that triggers the multichannel time analyzer.

3lh

3- to avoide the use of additional equipment (i.e. amplifier), and
consequently, decreasing the electronic hum and the noise level of the
system is decreased.
The ratio between the output pulse amplitude and the noise level is about
20:1.
The present preamplifier could provide good performance when
measuring about 100,000000 neutron bursts. One of the measured slow
neutron spectra by the TOF spectrometer, applying the present device, for
666000 neutron bursts is represented in Fig.(8). It may be noticed that the
cursor position (that indicates the zero time channel of the measured
spectrum) was not fluctuating; such result proves a good performance of the
device. Besides the cost of the construction of such useful device is about 30
times less than the commercially available ones, and can be used for any
similar generated pulses.
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SYMBOLS IDENTIFICATION
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D
H

angular velocity.
rotation per minute.
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discriminator upper level/lower level.
high tension of the detector.
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LOW FREQUENCY TACHOMETER
M.A. ABU EL-ELA
Reactor and Neutron Physics Department,
Nuclear Research Center. AEA. Cairo. Egypt.

ABSTRACT
One of the best modern electronic technology devices to control a DC.
MOTOR rotation is the electronic tachometer. The D.C. MOTOR rotation
rates are expressed in magnetic phono signals by using a magnetic cell and
a magnetic pick-up heads. An IC monostable multivibrator is used to
transfer the time between these signals to proportional volts. The monostable
multivibrator output volt is compared with an accurate suitable reference
voltage ; the difference volt feeds an integral amplifier followed by an
inverter amplifier. The best usable range is from 10 Hz to 60 Hz and this
suits the slow neutron time-of-flight (TOF) spectrometer.

INTRODUCTION
Previously, in sixteenth, the control of a D.C Motor rotation rates was
achieved by using a mechanical tachogenerator (Amplidyne/1'2^. This
equipment provides an output voltage, that is proportional to the rotation
rate of the D.C motor, { which drive the rotor of the (TOF) spectrometer}.
This voltage is compared with accurate reference voltage, the difference
voltage is amplified through a D.C amplifier. The rotation rate accuracy was
within 0.5 %. Relatively, the disadvantages of that equipment were :
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parameters of the valve tubes, consequently the rotor rotation rates
stability and the spectrometer resolution. Despite of that effective
disadvantages, the equipment had been used to provide good results^5"12).
In order to improve the rotor rotation stability, a transistorized system had
been developed^13), taking in consideration, a similar method for the
stabilization of rotation rates of A.C driving
^1415^
That transistorized systenr ' had helped in eliminating the dynamic load
on the motor, by avoiding the use of mechanical tachogenerator. Despite of
this good step, there is still not neglected problem, that is from the bad effect
of the produced heat on the transistors parameters, and wiring, consequently
the performance of the spectrometer .
The present tachometer is an electronic tachometer of integrated circuits
(IC) type. Such IC chips eliminate the wiring and the produced heat, (from a
similar transistor system ) to minimum.
A monostable multivibrator IC 74121 have been used in special
connections and special output circuit, to provide output voltage directly
proportional to the rotation rates of the rotor, (due to triggering it by shaped
pulses from the magnetic pick up head of the chopper) .

THE EXPERIMENTAL PROCEDURE
To get an output voltage proportional to the rotation rate of the slow
neutron chopper, the block diagram shown in Fig.(l) has been connected.
The circuit has been devided into 5 units.
Unit I gives the generation of shaped pulses Transistor-Transistor Logic
(TTL type), Fig.(2), that is used as input triggering pulses to a monostable
multvibrator, ICSN74121 (16 ' 17) .
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Unit II, represents the main unit of the tachometer the IC SN74121 and its
out connections, in which the time period between the input triggering
pulses(TTL type) is transfered to output proportional voltage Fig.(3).
Unit III is a very accurate regulated reference voltage(17), Fig.(4).
Unit IV is an integral amplifier of IC 74KI6«18) and special out connections,
Fig.(5), to collect the area under the pulses for a certain time opposite to that
of the reference voltage in unit III. The input voltage to the amplifier can be
adjusted by the output pot in unit III.
Unit V is an inverter amplifier of IC741 and special out connections,
Fig.(6), to invert the output voltage to a positive output voltage .
The tachometer has been calibrated using a function generator and DMM,
Fig.(7).

THE RESULTS AND DISCUSSIONS
The good selection of ICs and additional components used in building the
tachometer provides a good performance of the tachometer as shown from
Fig. (7).
Fig.(7) Curve (A) represents the calibration results of the tachometer,
using a function Generator and DMM. It was shown from these Results that
1- The relation between the tachometer output voltage and triggering
pulses duration time is linear as was required.
2- A good response of the tachometer for triggering pulses duration time.
Fig.(7) Curve (B) shows the performance of the tachometer in duty, as a
function between the tachometer output voltage and the TTL pulses duration
time from the slow neutron selector. It may be noticed that :
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1- The relation between the tachometer output voltage and the duration time
of the TTL triggering pulses is linear.
2- A good response of the tachometer for the duration time of the triggering
TTL pulses.
It may be noticed that, there is no effective difference between curve A
and curve B.
The output voltage of the present tachometer which is the input to the
power supply helped to get rotor rotation rates with belter stability.
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AUTOMATIC STABILIZED POWER SUPPLY
FOR D. C. MOTOR OF SLOW NEUTRON CHOPPER.
M.A. ABU EL-ELA
Reactor and Neutron Physics Department,
Nuclear Research Center. AEA. Cairo. Egypt.

ABSTRACT
A very low noise Integrated circuits device has been designed and
constructed to keep the rotation rate of the D. C. motor of a slow neutron
spectrometer (SNS) stable between 600 r.p.m. and 3600 r.p.m. The main
principle of the device depends on comparing an accurate generated voltage
proportional to the rotation rate of the chopper to an accurate reference
voltage. The difference voltage is differentiated and integrated through an
IC Integrator and IC differntiator and then compared with respect to an
accurate reference voltage. The resulting value is applied to an IC controller
of the driving current. The time period fluctuation of all the rotation rates
does not exceed ± 4 jasec. The device provides unstability of ± 0. \ % and ±
0.04% in the rotation range between 600 r.p.m. and 3600 r.p.m.

INTRODUCTION
One of the most important parameters in slow neutron velocity selectors is
the stability of rotation of the rotor, that chops a white neutron beam from
reactor to neutron bursts, that could be investigated according to the
neutrons velocity.
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Many authors have been extensively investigated this parameter, among
them' ' . Some introduced a valved tube power supply' ' and others
provided a transistorized power supply™'. The present power supply is
completely IC's except the drive unit. The use of ICs, makes help to avoid
the wiring and the produced heat which have a bad effect on the parameters
incase of using the valve tubes and the transistors, as well as minimizing the
electric dissipation.

THE EXPERIMENTAL PROCEDURE
The output voltage of the tachometer (TAC), that is proportional to the
rotation rates of the rotor, feeds the input of an integral controller, and a
proportional controller (comparitor). The output of the comparitor feeds the
driver to the motor, Fig.(l) gives the block diagram of the automatic
stabilized power supply.
Fig.(2) represents the connection circuit diagram of the integral
controller " '. The input voltage (the output voltage of the TAC) is
compared with an accurate negative reference voltage^ . The difference
between the reference voltage and the TAC output increases the output
voltage of the integral controller with time. This happens through an
operational amplifier ' ' to produce the correct polarity to be applied with
the comparitor.
To decrease quickly the disturbed vibration that may be produced, the
output of the integral controller is connected with the input of a derivative
controller^6'7) Fig.(3). This control can be achieved by changing the value of
the condenser capacity CD. The output of the derivative controller is an
operational amplifier to produce the correct polarity, to be applied to the
comparitor ' \
So, the inputs of the comparitor, Fig.(4), are :
1- An accurate reference voltage.
2- The output of the integral controller.
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3- The output of the derivative controller.
4- The output of the TAC.
The output of the compraitor is the sum of all these 4 inputs, that feeds the
driver with the suitable icurrent.
The driver electronic circuit can be shown in Fig.(5). The pot to the left of
the circuit had been used to make fine adjustment to the motor velocity.
The main function of the driver is to amplify the control current to a value
that can control the driving of the motor effectively.
Fig.(6) represents the block diagram of the circuit arranged to check the
performance of the device, Fig.(7) gives the block diagram of the circuit
arranged to check the performance of the device, using the slow neutron
beam of the reactor.

RESULTS AND DISCUSSION
More lhan one method have been used to check the performance of the
: n^s^u axiomatic D.C power supply.
The first method use, an electronic system arranged for this purpose,
Fig.(6). The results are given in tables 1, 2, and 3 which show a good
stability of the system. It may be mentioned here that the ratio between the
triggering signals amplitudes and the noise level is 30:1.
In preparing the two magnetic cells, it was taken in consideration to make
one magnetic cell differs from the other to give different amplitudes to the
start triggering signals. At the sametime, both the amplitudes are enough to
trigger the single channel analyzer that triggers the scalar and the
multichannel time analyzer. This technique has been used to give the
possibility of distinguishing one start signal from the other.
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Power supply unstability

Table (1)
Table (2)
Range 600 r.p.m
Range 1800 r.p.m
No
counts per No
counts per
10 min
10 min
1
12208
1
36350
2
12215
2
36330
3
12209
3
36342
4
12231
4
36320
5
12221
5
36360
6
12217
36346
6
7
12226
7
36356
8
12218
36334
8
9
12210
36338
9
10
12229
36344
10
11
12211
11
36352
12
12224
36322
12
13
36326
12214
13
14
36348
12222
14
15
12225
36358
15
16
12216
36324
16
17
12223
36332
17
18
12213
36354
18
19
12232
36328
19
20
12215
36336
20

Table (3)
Range 3600 r.p.m
counts per
No
10 min
71930
1
71889
2
71880
3
71927
4
71895
5
71918
6
71874
7
71924
8
71874
9
71901
10
71915
11
71898
12
71903
13
71886
14
71877
15
71909
16
71883
17
71906
18
71892
19
71921
20

Average value 12220
Max. unstability 0.1%

Average value 71900
Max. unstability 0.04%

Average value 36340
Max. instability 0.06%

I4OO

As a matter of fact, there is time shift between the first start signal and the
second start signal with the max. value ±20 nsec. This time shift is very
small to be detected through the triggering process of the single channel
analyzer. Despite of the presence of this time shift, the output of the single
channel analyzer is standard pulses of TTL kind. (i.e. it cannot affect the
time period of the chopper).
The second method uses the slow neutron beam of the reactor, and the
electronic circuit arranged in Fig.(7). The base of this method depends on
using a special technique, that is, to make the start triggering signal precedes
the formation of the neutron burst from the rotor. The position of the zero
time channel is the best accurate method to check the system performance.
The results can be shown in Fig.(8), and Fig.(9).
Fig.(8) represents a transmitted slow neutron beam through the rotor slit,
as a result of triggering the multichannel time analyzer for 120000 triggers,
at chopper rotation rate 1482 r.p.m. The peak shown by the cursor in the
figure gives the mid-moment of the formation of the neutron burst. This midmoment is denoted as the zero time of the measured spectra. Fig.(9) gives
the spectrum of accumulated 666000 neutron bursts with another chopper
rotation rate, 3150 r.p.m.
It may be noticed that the zero time peak position is fixed and not
fluctuated through the accumulation of 120000 and 666000 neutron bursts.
This result means that a very good performance of the present power supply
have been achieved, within ± 4 jasec (the half width of the minimum used
selected dwell time).
This automatic stabilized power supply can be used to any similar D.C
motor, besides the cost of the construction is about 30 times less than the
commercially available ones.

Uoi

automatic

Motor

power supply

magnetic
pick up

preamplifier

SCA

Time Analyzer

|

o
ro
3
He detector

I
preamplifier

amplifier

SCA

stability using slow aeiitroE beam of the reactor

MCS

Id: In 3N 1482 AH 5,5 D 15/. 86 H3869 3 61 M 116426
Oct 27, 1995
2:24:32 p«

O

Acquire: Off
Display: 512
Overlap: Off
; Scale: 8X
j Group: El
No: None
Off
268X
Port:
528
Dae:
Saw
Caic:
On
Synch:
Int
j usec 7696
I Cts: 6534
Fosses'. 128888

Elapsed:

8

19:13:38 P H Jul 29

Remaining: 12888e

Dwell:

8- Figure (8) Slow neutron spectrum of 120000 neutron bursts
rotation rate 1482 r.p.ro.

JL9?5

16 usec

Id.1 AH 3150 AM 25 D 18/, 6 H 3968 BS5 M I78I24

5:43:03 pw Jun 18, 1995

30, 1995
4:12:49 PH

NOM

O
XT

Acquire.*
Display:
Overlap:
Scale:
Group:

Off
1824
Off
8K
El

noi no.

no Tie

Soi:

Off

Kat*i.

Zioft

Port:
528
Dae:
Say
Calc:
On
Syticli:
Ini
usec 3544
Cis: 3983
Passes."

•

_

66689£1

;

Elapsed:

8

'

•

•

\

.

•

"

Rewainirig: 666088

\

I3yeli:

8 usec

FilersaMe: b: tar?
9- Figme (9) Slow neutron spectrum of 666000 neutron bursts at chopper
rotation rate 3150 r.p.rn.

ACKNOWLEDGMENT
1 am deeply grateful to Professor Dr.M.K.Fayek, Deputy of the Atomic
Reactors Division for Technological Affairs, for sponsoring and
encouragement, without liis support, this work could not have been
achieved.
Many thanks to Professor Dr.S.EL Konsol, Head of the reactor and
neutron physics departement, for his encouragement and support.

IDENTIFICATION (ID) KEYS OF HIE LAST
TWO SPECTRA AND OTHERS
lii-lndium;
AN-Angular velocity (r.p.m)
AM-Amplification
D- Discriminator upper limit/lower limit.
H- High tension;
B- Background counts of neutron spectrum.
M- Maximum counts of neutron spectrum.
SNS- Slow neutron spectrometer.
TAC- Tachometer.
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M.S. ISMAIL AND S.A. KAMEL
Engineering Department, Nuclear Research Center
Atomic Energy Authority, Cairo, Egypt.

ABSTRACT
In this paper, we present a study by simulation of a
regulated and controlled voltage chopper dc power supply,
using power MOSFET transistors in switching mode. That study
is intended to show the effect of the transformer, optimize
the performance of the controller and clarify the power flow
between the dc power supply and the dc source. In this power
supply, two switches ( MOSFETs ) gates are supplied by two
phase square wave signals of a suitable amplitude, width and
dead time. The MOSFETs are connected to the coil ends of a
center-tapped ferrite core transformer. The output from the
secondary coil is applied to a voltage doubler and a ripple
filter to form the output. A sample of this output is
subtracted from a certain reference voltage to form the error
signal. The error is limited and followed by a controller
whose output is connected to a dc power amplifier feeding
the center-tap of the primary coil of the transformer. This
regulated
dc
power
supply
is
constructed,
in
our
instrumentation laboratory, and
works as predicted by
simulation.
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INTRODUCTION

Analytical methods for the evaluation of the performance of
linear
regulated power supplies circuits are well
established engineering practices; standard analytical tools
are available and well adapted for this type of circuits. In
brief, a set of linear simultaneous differential equations
( known also as the analytical model ) are used to represent
the linear system; by solving this set of equations(1), the
performance of the system considered is evaluated. Also, the
analysis of switched mode power supplies that are based upon
control by variation of ON/OFF ratio have its own set of
analytical and evaluation tools. However, with a system
combining both linear components, as well as switched mode
components, as discussed in this work, presents a challenge
for analytical methods. To handle such systems, in practice,
it is usual to simplify the analytical model by ignoring some
details in the system;
sometimes justified by the fact that
their effect is not dominant on the performance of the
system, or alternatively, by re-introducing their effect as
empirical modifications to the analytical solution.
However, with the availability of powerful computational
environment, at an affordable cost and relative simplicity of
use, new analysis and evaluation tools ( referred to here as
computer simulations ) are being utilized. It is possible, in
theory for these tools to handle dominant (primary) effects
as well as secondary effects in the system under study and
evaluation. The limits of these tools are based on the
limitations of the mathematical algorithms
applied (e.g.
(2)
Runge-Kutta, Euler, Bulrich-Stoer )
as well as on the
computational environment( e.g. number of significant
computation digits as well as computational speed.)
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The main component of the switched mode power supply
presented here is a dc to dc converter (see Fig(l)), which
accepts a dc input and produces a controlled dc output. The
system considered here utilizes a transformer coupled ferrite
core push-pull converter. The simulation model takes into
consideration, the voltage transformation ratio N, the
inductance and resistance of the transformer primary coils,
the resistance and leakage inductance of the secondary coil,
as well as the resistance of the switching power MOSFETs when
closed and when open. The system under study utilizes an
operational amplifier, as well as some passive components to
form a controller (analytically can be approximated to a PI
controller); the simulation model takes into consideration
the finite gain of this operational amplifier as well as its
finite first order frequency response. The secondary of the
transformer is connected to a voltage doubler circuit;
selected in a configuration that minimizes the output ripple
voltage as well as forming a symmetrical load for both half
periods of the converter driver. Also an additional ripple
filter is added to the circuit and considered in the
simulation model.
The simulation models the MOSFETs as switched resistors,
with two values, a low value when switched ON, and a high
value when switched OFF. The diodes are modeled as voltage
dependant gates allowing current to flow in these diodes in
one direction only. It is believed that more detailed model
of MOSFETs and diodes forms only a computational burden on
the simulation without any justifiable needsP). In brief, the
simulation model has focussed on the elements of the system
that have characteristics that falls short from desirable
ones, but are representative of available off the shelf
components.
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SYSTEM ANALYSIS

The system considered' here utilizes the TL594 integrated
circuit which includes an adjustable two phase square wave
generator driver, a reference dc voltage and a high gain
bperational amplifier/ however and for the system considered
here,

and

for

optimization
amplifier

the

a

reason

separate

is used as

of

design

high

flexibility

performance

the main building

and

operational

component

of

the

controller circuit. Also a separate, high stability voltage
- reference source is used as the voltage reference source;
adjustment
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Vr

is

by

using

a

voltage

potentiometer

connected across that voltage reference source. A sample a of
the

output
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controller, exact
power

is
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from

the

voltage

(that difference is also known as the error

signal) and applied
equation

Vp

to the PI controller

(approximate PI

equation used in simulation is given in

(1) ) . The output from the controller derives a

buffer

amplifier,

with

bi-directional

current

capabilities,

to drive the center tap of the transformer

primary

(refer to Fig.(l));

that,

coil
in

this

system,

the

simulation has
transformer

revealed

presents

a

bi-directional current load to its driver voltage source.
The

analytical

equations

representing

the

system

performance,are given by:1) The equation for the controller, utilizing an
operational

amplifier with finite low frequency gain

of G and a

single dominant time constant r.
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where k is the proportional factor on the sampled output
error and r is the integration time constant.
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Buffer power
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Controller.
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clock gen.

Schematic diagram.

2) Considering that i, and i3 represent the current in the
secondary coil of the transformer, where i,represent the
current, of the transformer secondary,in one direction
and i2 represent the same current when flowing in the
opposite direction. The usual conditions on initial and
final values of capacitor voltages and inductor currents
must also observed and applied as each half period hands
over to next half period in an alternate manner.

For the odd half periods t=mT to mT+T/2, t'=t-mT, m is
an integer.
NV=Ri1+Lsi1 + Vcl

(2)

where R is the total equivalent resistance as referred
to the secondary of the transformer, L is the total
equivalent
leakage inductance of the
transformer
referred to the secondary.

(3

For the even half periods t=mT+T/2 to (m+l)T,
t'=t-(m+l/2)T

12

1
(V+V
cJ c2 -V
+.JL
\i - V
°
-

^

u

2

•

•

(40

3)

The equation for the filter ripple, is given by:-

v = .•JL.,_ r ..x'cl c2
sC2
R1

° - J_£ i
RL

and is valid at all half p e r i o d s .
4)

A s an additional refinement to the system considered,
and to d e c r e a s e the effect of integration term o n error,
especially w h e n the system is p o w e r e d u p , the reference
v o l t a g e Vr is gradually m a d e to built up to its d e s i r e d
value.

T h i s is m a t h e m a t i c a l l y m o d e l e d as :-

V1 =

*. ,. y ,

*• -l+sx
-

(6
v

zef

W h e r e Vref is the d e s i r e d value for the r e f e r e n c e , and r,
is a first order low p a s s filter time c o n s t a n t .
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This filtering, makes the reference voltage, whenever
the system is powered up or whenever the reference is
manually re-adjusted, to gradually change in value to
reach its desired value asymptotically. The gradual
change in reference value will initiate a related change
in output, and with the integral term on error
restrained
form
excessive
increase
in value;
resulting in minimizing positive or negative overshoots
in system response.

5) As.an additional detail in system analysis, during each
half period, there is an active part in which one of the
MOSFETs in driven ON, as well as a dead period during
which both MOSFETs are OFF. However, during this 'dead
period' , one of the diodes Dl or D2 may be in
conduction, and a reverse current from the transformer
center tap exists ; this preserves the condition of
continuity of current in either transformer primary
inductance or current in secondary inductance reflected
to the primary side. Interactive use of simulation has
predicted, this mechanism and consequently, the diodes
and the bi-directional power buffer has to be included
in. system.
It may be possible to find an analytical solution for such
a set of equations, although this has not been attempted
here. However the amount of information that is conveyed by
such a form of representation, do not show in a simple form
the response of the system due to a change in loading
conditions, or the response of the system due to a change in
the reference value, or assist in optimizing the parameters
of the controller. However computational simulation enables
such tasks at an affordable cost and effort.

MODELING AND SIMULATION

As stated by the title of paper, the experimental part of
work presented here is computational simulation (4), (5) on an
IBM-PC computer. The VisSim simulation package
has been
used. This package implements mathematical function block
selection
( using a graphical user interface), with each
block having input(s) and an output and a mathematical
computational
function
( e.g.
a block
with
output
representing a value changing as a function of simulated
time, an integration block on an input value with respect to
simulated time, limit value on input block, multiplication
of inputs block ), and then interconnecting these blocks to
form a . computational model of algebraic equations and/or
differential equations.
An equivalent circuit has been derived for each component,
to represent, as accurately as required the component physical
behavior (both static and dynamic characteristics)
in the
system considered. Equations, relating terminal voltages and
currents has been further derived from these equivalent
circuit, and then modeled by the graphical interconnections
of function blocks. To preserve
flexibility
of
the
simulation, parameters in equation have been set as variables
in equations, and assignments of values is then modeled.
After, building up of the computational model, from
mathematical blocks provided by the simulation package,
trial simulation 'runs' are then attempted. For these trial
runs an ' Integration Algorithm ' is selected as well as a
simulation time step. Comparison of accumulated results will
reveal computational instabilities; an accordingly a rational

decision is then made on integration algorithm and simulation
time step.

RESULTS AND DISCUSSIONS
The

ferrite

core

transformer

model,

used

in

this

simulation, represents the type DATATRONIC Pr. 277708 9331
with the following values:primary winding resistance = 0.3 Ohm, secondary winding
resistance = 445 Ohm, primary inductance = 0.003245 Henry,
secondary equivalent leakage inductance L = 0.068 Henry,
Transformation ratio N = 44
MOSFETs model, two identical MOSFET transistors have been
used, as mentioned above, these transistors are modeled as
switched resistors with the following values:
on resistance = 0.1 Ohm, off resistance = 100,000 Ohm
Voltage doubler circuit component values:
C, = C2 = C3 = O.lfiF ,

R,= 3300 Ohm.

PI controller parameters values :
G = 200,000

, r, = 0.0106 Sec. ,

r = 0.000025 Sec.

ex = 0.005

,

k = 20 ,

rr= 0.00025 Sec.

MOSFETs switching period T = 102 ;iSec. , duty ratio = 0.85
Integration Algorithm selected for simulation :
Runge-Kutta 4-th order integration algorithm with time step
of lxlO9 Sec.

Fig. (2) shows the output, from power on to steady state
response, for different vr

values, and with load resistor

selected at each of these values so that a current of 1 ma is
1*16
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sourced from this supply. Note that the system is stable,
with very small steady state error.

Fig.(3) shows the transient response due to an additional
current loading of 1 ma. The loading is first applied as a
current load pulse with a duration of approximately 5.5 fi
Sec. When the system recovers from this pulse loading,
another load is applied, this time is in the form of a 1 ma.
step load. Notice that the system recovers with very small
steady state error ( the steady state output for this
simulation run is 1000 Volts ) .
Fig.(4.a) shows the steady state secondary current
reflected to the primary side, with an output load current of
1 ma. Note that there is a negative swing in the current,
this is attributed to the leakage inductance of the secondary
coil of the transformer; this negative swing occurs whenever
any of the MOSFETs turns off, the diode opposite to that
cutting off MOSFET conducts that current. Note also that,
although there is a dead period, in which the two MOSFETs are
off, there is a continuity in current conduction; this is
attributed to the combined effect of the diodes D1; D2 and the
inductance of the transformer primary coil. Fig.(4.b) shows
the steady state current inductive current in the center tap
of the primary coil. Note that this current, swings in both
directions, with a zero average. Fig.(4.c) shows total steady
state input current to the center tap of the primary coil;
the negative swing is indicative of energy returned by the
transformer.
Fig. (5.a) and Fig. (5.b) shows the controller gain and phase
versus frequency characteristics.
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For a medium system configuration, as the system considered
here, and with a simulation package with a direct parameter
entry, independent of the simulation structure, interactive
use of simulation as a tool for analysis of performance may
lead to prediction of fine details in system reponse, not
accounted for at initial stages. This will lead, as for the
case stutied here to futher additional refinements, in the
structure
to
these
systems.
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ABSTRACT

The relationship between the heat treatment and corrosion of austentic and ferritic
stainJess steels has been examined in 3%NaCI as an aggressive medium representing
sea-water. A qualitative information about the corrosion behaviour of the heat treated
steels were aquixed from the corrosion behaviour diagram technique (CBD). For
austentic steel the treatment temperature were 1000,1300 and 1400 C.The treatment
temperatures for

ferritic steel were 1100, 1300, and 1400°C. Qunlitntive results

showed that as the heat treatment temperature increases the corrosion resistance of the
austeutic steel is improved, while that of the ferritic steel become less.
Quantitative results obtained from potentiodynamic: technique detected that, for
austenitic steel as die treatment temperature increases,the corrosion rate decreases
from 6xlO'nA/cm to 2x10 nA/cm and the corrosion resistance (Rp) increases from
6.1xlO3 fi/cm2 to 1.5xl0*n/cm

For ferritic steel as the heat treatment temperature

increases,the corrosion rates were 1x10 nA/cm at 1300°C and 6x10 at 1100 C,and
the corrosion resistances were 2.8x 10 ^/cm
1100°C.
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at 1300°C and 4.8x10

fi/cin

at

INTRODUCTION
The most effective method of corrosion prevention is proper selection of materials
resistant to the specific corrosive environment, and if the component design is poor
expensive corrosion- resistant alloy may be required •
Corrosion-resistant alloys are required in many industries particularly pertroleum to
handle process streams containing water and aggressive medium containing sulfer and
chlorides,also in power generating plants either conventional or nuclear plants to
handle steam and cooling water which may contain chloridesjf sea- water is used as
cooling media or chlorinated to prevent micro-organisms. Stainless steels are used in
these applications, but in presence of chlorides they suffer from pitting
corrosion,crevice corrosion and stress corrosion cracking.These limitations can be
avoided with proper choice of the alloy and heat treatment •
Microstracture and corrosion behaviour relationship have been found to be
particularly important in applications where aggressive ions are present. Since high
quality steel is required for exacting service conditions experienced in sea-water
appplications,micro-structure change can affect greatly the strength and the corrosion
(2-6)
resistance of the component used
In the present investigation, the effect of microstructure change of austentic and
ferritic stainless steel alloys, fabricated to be used in sea- water applications, on its
corrosion behaviour in 3%NaCi solution, as synthetic sea- water containing aggressive
chloride ions was tested. Corrosion behaviour diagram ( CBD ) and potentiodynamic
techniques were used to test the corrosion behaviour of these alloys.
EXPERIMENTAL
The chemical compositions of tlie two alloys used in this investigation are given in
Table(l).
Table (1) chemical composition (wt%)
ELEMENT

C

s

P

Si

Mn

Ni

Cr

Mo

Ass

0.014

0.006

0.0013

0.4

1.71

22.4

25.5

2.16

Fss

0.013

0.009

0.018

0.28

0.21

.

18.5

2.3

ELEMENT

V

Cu

Nb

Ti

Co

W

N

O

Fe

Ass

0.11

0.07

<0.01

<0.01

0.22

0.13

0.0022

-

Bui.

Fss

-

0.03

0.01

0.29

-

-

0.002

0.013

Bal.
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Surface preparation:
Specimens were applied as rod 8 mm in diameter and 100mm in length. Specimens
were heat treated for 15 min. at the pre- determined temperatures and water quenched.
For corrosion tests the rods were cutdown to buttons with 2mm thickness. The buttons
were ground using silicon carbide emery papers up to 600 grit . After
grinding,specimens were polished using 3 and 1 micro-meter diamond paste on
medium nap cloths. Specimens were ultrasonically cleaned for 5 min. in a bath
containing alcohol.
Corrosion test:
Corrosion Behaviour Diagram (CBD) and potentiodynamic tests were carried out
using a computerized corrosion measuring system (EG&G PARC model 350A).
The CBD runs performed at:
specimen surface area
initial potential
vertex potential
final potential
scan rate

1.00
- 500
+ 700
- 550
1.5

Potentiodynamic runs performed at:
1.00
specimen surface area
60
initial delay
scan rate
1
-250
initial potential
+200
+200

final potential
vertex potential

cm
mV
mV
mV
mV/ sec

cm
sec.
mV/ sec.
mV
(ECOIT related)
raV
mV

The electrolyte was synthetic sea-water prepared from annalar grade reagent of
3% NaCl in doubled distilled water with pH 7.
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RESULTS AND DISCUSSION
Since Cl" ions are known to act as aggressive species for pitting corrosion of many
metals and alloys, corrosion behaviour diagram and potintiodynamic techniques were
performed on two types of stainless steeL, austentic (ASS)and ferritic (FSS) in 3%NaCl
at room temperature.
Corrosion behaviour diagram (CBD) technique gives qualitative information about
the corrosion characteristics of the specimen in the specified environment. In the CBD
technique three scans are formed. Forward scan followed by reverse scan, on
completion the reverse scan a stabilization period is stablished. The final scan is
extending from the open-circuit potential to the original potential. From the forward
scan (first scan), active-passive behaviuor and anodic dissolution of the alloy in the
specified environment can be determined, from the reverse scan (second scan) the
stability of passive film, if any, can be examined, because the lower the current dips
during this scan the better the passive film stability and vise-versa.
The position of the final scan (third scan) in the diagram conveys information about
corrosion characteristics of the alloy. For example, as the third scan falls between the
first and second scans, the material is relatively corrosion resistant. The closer the third
scan to the first scan, the less corrosion resistant the material is.
Fig. (1) shows the optical microscopy photos of FSS alloy untreated and heat
treated at 1100°C 1300°C and 1400°C. It. can be observed that as the heat treatment
temperature increases the grain size increases. Fig. (2) shows the CBD of heat treated
and untreated FSS alloy. In fig (2a) the untreated specimen in the first scan showed an
active-passive behaviour with subsequent increase in current at - 380 mV , this is may
be due to beginning of pitting, in the second scan it is clear that the current decrease
gradually with potential and dies of the current is low. It can be also observed that the
third scan is above the first scan which means a good corrosion resistance. Figs(2b, 2c
and 2d ) have approximately one same behaviour, the first scan shows no cathodic
behaviour and anodic dissolution began at Ei= -500 mV and pitting began at - 300
mV. In the second scan as the heat treatment temperature increase, the rate of current
decrease with potential increased. Third scan is located lower than the two scans in all
cases, which means a poor corrosion resistance i.e. the corrosion resistance decreases
as the heat treatment temperature increases. Ferritic stainless steels are susceptible to
grain growth and coarsening at welding temperature, and interstitial contamination
from carbon, oxygen and hydrogen may sensitized the alloys to intergranular
.

(7)

corrosion
1428

(1a) FSS , untreated

(1c) FSS , 1200°C

(x 100)

(x 100)

FSS , 1400°C

(1b) FSS , 1100°C

(1d)

F S S , 1300°C

(x100)

Fig.(1) Microstructure of FSS alloy, untreated and heat treated
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Fig.(3) shows the optical microscopy photos of ASS alloy untreated and heat treated at
1000, 1300 and 1400°C. It can be seen that the grain size increases as the heat
treatment temperature increases. Fig.(4) shows the effect of heat treatment on the
CBD characteristic of the ASS alloy. In all cases the first scan underwent an activepassive transition but lacked any clear passive region. Also, it can be observed that
above corrosion potential, active dissolution is found, as the potential was increased, a
very narrow passive region is observed, followed by the pitting .This behaviour was
observed in studying pitting corrosion of type 304L stainless steel in presence of Cl"
(8-9)

ions
. The second scan, shows a decrease in the dips of the current and the rate of
the current change become lower as the heat treatment temperature increases. The
third scan in all cases lays between the first and the second scans.
Potentiodynamic polarization curves for heat treated FSS alloy are shown in Fig.(5)
from (a) to (d). The same behaviour can be detected i.e. above the corrosion potential
current density increases as the heat treatment temperature increases, and the con osion
potential become less noble , it is -346mV for untreated specimen and become -444mV
for specimen treated at 1300°C.The corrosion resistance also decreased from 1.783E4
^/cm2 for untreated specimen to 2.843E3 ^/cm2 for specimen treated at
1300°C.Some improvement was observed for alloy treated at 1400°Csince the
corrosion resistance become 3.945E3 ^/cm2 and corrosion potential become -369mV.
Final current densities were also recorded. It increased from 3.743E4nA/cm2 for
untreated specimen to 5.8O5E5 nA/cm2 for specimen treated at 1300°C. Fig. (6) shows
photos of corroded FSS specimens, it can be observed that the size of pits increase as
the temperature increase. In previous study,it was concluded that, the pit morphology
is related to the microstructure and the electrochemical conditions
.It is also known
that, non-metallic inclusions are susceptible sites for pit initiation • Fig.(7) shows
SEM photos for pit in corroded FSS alloy a non-metallic inclusion can be seen.
Previuos investigations showed that presence of molybdenum improve the pitting
resistance of ASS alloys in presence of chloride ions
. Fig. (8) shows the
potentiodynamic curves of ASS alloy.In the range of the test potential, current densties
above the corrosion potential increased with increasing potential and no passive region
was developed. It can be also oserved that as the heat treatment temperature increase
the corrosion potential (E corT) become more noble, it is for untreated-436mV and
become -399mV, -388mV and-312mV for specimens treated at 1000°C, 1300°C and
1400°C respectively.Also, it can be observed that corrosion resistance improved as
tearing temperature increase, it is 6.069E3 ^/cm2 for untreated specimen and become
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Fig.(3) Microstrijcture of ASS alloy, untreated and heat treated
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Fig.(6) Photos of corroded FSS alloy

Fig.(7) SEM photo of a pit in FSS alloy
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Fig (9) Photos of Corroded ASS alloy

Fig.(10) SEM photo of a pit in ASS alloy
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6.238E3, 6.259E3 and 1.4515E4 n / c m 2 for specimens treated at 1000°C,1300°C and
1400°C repectively. Fig.(9) shows photos of corroded ASS specimens, untreated and
treated at 1100°C and 1400 C. It can be seen that the size of the pits become smaller as
the treating temperature increase, also the size of the pits is smaller than that in the
case of FSS alloy. Fig.(10) shows SEM of pits formed in ASS alloy. It is knwn from
previous studies

, that stainless steel and most of film passevated alloys are

susciptible to pitting corrosion, but as can be observed from the results that the
corrosion behaviour of stainless steel is greatly affected by heat treatment.

CONCLUSION
From the corrosion tests of the two alloys studied it can be concluded that:
Heat treatment of the alloys in the temperature range from 1000°C to 1400°C,
improves the corrosion resistance of ASS alloy, while the corrosion resistance of the
FSS alloy become less.
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The limited availability of fossil fuels compared to the increasing
demand and the related environmental questions have became topics of
growing importance and international concern. Many other clean
alternative sources of energy are available but most of them are either
relatively undeveloped technologically or are not yet fully utilized . Also
there is a need for a medium which can carry the produced energy to the
consumer in a convenient and environmentally acceptable way .
In this study a fission reactor as a primary energy source with hydrogen
as an energy carrier is suggested . An assessment of hydrogen production
from nuclear energy is presented . A complete nuclear - Electro - hydrogen
energy system is proposed for a medium size city ( population of 500,000).
The whole energy requirements is assessed including residential, industrial
and transportation energies. A preliminary economical and environmental
impact study is carried out on the proposed system . The presented work
could serve as a basis for a feasibility study for applying this system in
some newly established cities.

ho

INTRODUCTION

The risk of global climate change is of great concern to policy makers
and to the public. The relation between the energy generation sector and
the environmental pollution is being carefully considered in the
industrialized countries. Before executing any power generation project
extensive and comprehensive studies are performed concerning the impact
of such project on the environment. Measures for decreasing climate
change and environmental pollution are considered.
When it comes to the developing countries the situation is more
complicated. Environmental pollution problems are less considered. Also
the rate of increase of power generation is much more than in the case of
the developed countries. This means that the environmental impact in the
developing countries is much more magnified which needs the use of
nontraditional solutions for less polluting power generation cycles in
developing countries.
In this study the gap in power consumption between developed and
developing countries is briefly delineated. The rate of increase of power
requirements in developing countries is discussed. The case of Egypt and
Syria, as an example of developing countries, is considered. Moreover a
clean nuclear - electrical - hydrogen energy cycle is suggested to be
considered by the policy makers. The benefits and the drawbacks of such
system in the developing countries are discussed. The economics of a
prototype system in a rural area is also presented .

WORLD ENERGY REQUIREMENTS

Energy consumption growth is closely linked to population growth,
although changes in life styles and efficiency improvements have a
substantial influence on the per capita annual consumption. The structure
of population and the share between urban and rural populations also
affect energy demand.
UUl

In a recent study(l) two scenarios were considered for the worldwide
future energy demand till the year 2050. The two scenarios assume similar
levels of global economic growth : 2-3% per year to 2050, with higher
growth in developing countries than in industrialized countries. The first
scenario [SI] aims to reduce the CO2 emissions to a sustainable level. This
scenario will require a dramatic change in attitudes towards energy use. In
our opinion such change is far from being achieved.
The second scenario [S2], which is more feasable, assumes that the
average energy demand per capita in the developing countries increases
threefolds to reach 1.5 toe/a by 2050. For the industrialized group the
energy demand per capita will stabilize at the present level of some 5
toe/a.
Assuming that the world population will reach 10500 million in 2050,
the energy demand will increase from 7.9 Gtoe/a in 1988 to 20.5 Gtoe/a in
2050. Table 1 summarizes the results of the mentioned study.
Another study
shows that by considering moderate world economic
growth of 3% the world energy demand by 2020 will be between 13 to 17
Gtoe/a. These results are comparable to those given by the previous
study(1).

REGIONAL PERSPECTIVES

Comparative studies*2"4* indicates that 70% of the world population lives
at a per capita energy consumption level one-quarter of that of Western
Europe and one-sixth of that of the United States. Detailed comparison
shows more discrimination. For example the electrical consumption per
year per capita is 100 kwh. in Pengaladish, while it is 25000 in Norway
and 6700 in France(3). Other studies(5)showed that 20% of the world
population are expected to consume 75% of the total world energy
consumption by the year 2000.

Concerning energy supplies, more than 70% of the world energy is to be
supplied by the developing countries by the year 2000(5). In contrary to the
general belief, the industrialized countries natural resources exceeds those
for the developing countries. The case of U. S. is a clear example of
disparity . Such situation indicates that the natural resources in the
developing countries are depleted for satisfying the developed countries
energy needs.
In the developed countries the possibility of using new energy resources
is much more foreseen than in the case of developing countries. For
example during the 1973 oil crisis may research activities have been
initiated in the industrialized world for oil substitutes such as coal
liquifaction, fast breeder nuclear reactors, ..etc. Most of these research
projects have been slowed down after securing oil supply and the end of
the crisis.

SPECIFIC CASE WITHIN THE DEVELOPING COUNTRIES

If we consider the energy consumption in both Egypt and Syria as a
specific example of the deveping countries we can abstract the following
results :
1. The annual electricity consumption per capita in Egypt is 654.2
Kwh in 1990(3) and is raised to about 800 in 1994. In Syria the
values are 982 Kwh at 1978(6) and about 1000 Kwh in 1994(7).
2. The rate of increase in the per capita consumption in Egypt is
15.4 % during the period 1974 - 1990(3). It is obvious that such
rate is very high and could not be mentained. However we can
consider a rate of 5% per year in the subsequent years after 1990
which is higher than the worldwide projection of 3.3%(1)
Accordingly we can say that the consumption at the year 2050 will
be 17 folds of that of 1973 (see Fig 1). Such consumption need a
lot of increased power generation in the subsequent years .
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Fig 1 : Presenl and Piqjecled Annual Electricity
Demand in Egypt and Worldwide in the
period 1 9 7 3 - 2 0 5 0
TABLE 1: World Energy Demand Projections and Ihe Concomitant
Growth in Annual CO 2 Emissions for Scenarios SI and S2
(adapted from Kef. I)
Year
Hem
Scenario
SI
S2

1990
8.0
8.0

2010
9.9
12.3

Elecli icily sliaie of primary eiieigy (%)

SI
S2

33
33

35
35

39
40

CO2 emissions

SI
S2

6.9
6.9

7.5
10.8

8.6
14.0

Energy demand (Gole/a)

kkh

2050
12.6
20.5

The only two sources of electricity production in both Egypt and
Syria is the fossile fuel thermal power and hydropower generation.
Tables 2a and 2b gives some information concerning power
generation in both countries. It is observed that the ratio betweeen
thermal to hydropower generation is about 1 to 3. No other
essential sources are available in both countries.
The previous information shows two important facts which are :
1. The need for tremendous new power generation in the two
countries to satisfy the requirements of the population growth
and to increase the per capita consumption to reasnable value.
2. The lack of diversed sources for power generation since the only
two main sources are fossil thremopower and hydropower.
In this context, it is essential for policy makers to comperhensively
assess and compare alternative options, integrating economic, social,
health and environmental aspects into the process of preparing the national
power generation plan. Energy options, strategy and policy must represent
an integrated part of the overall socio-economic development.
Among various alternatives only nuclear power with the highest practical
reliability could have a share with oil, coal and hydropower in the
generation of large amount of electricity necessary for socio-economic
development in developing countries. The technical feasability of nuclear
power in developing countries needs fine assessment. We have to notice
that nuclear power represents only 3% of the total electricity production in
developing countries, and 18% in industrialized countries.

NUCLEAR ENERGY IN DEVELOPING COUNTRIES

According to the previous discustions, studies on energy balances and
possible alternatives in developing countries shows the importance of

TABLE (2-a): Sources of Electricity Generation in Egypt (1990)
Sources

Number of
station

Nominal capacity % of the total
(Mvv)
produces(1990)

oil
Thermal |oil + Nat. gas
coal

1200
5600
100

76.7

Hydropovver

2700

23.3

TABLE (2-b) : installed Capacity of Various Sources of Electricity
Generated in Syria (1993)
Source

National

production

Industrial Installation

Mw (e)

%

Mw (e)

Steam

1622

44.4

191

%
5.2

Gas

580

15.5

21

0.6

Hydropower

898

24.5

—

—

Desiel

—

—

346

9.4

J

TABLE 3 : Comparative Cost of Powei Generation Base Year 1980,
(adapted from Ref. 18)
Generation Type

Investment cost
$ / K\v installed

Fuel cost

Power cost

ft /Kwh

<t I Kwh

Fossil fuel fired

800- 1000

1.0-3.0

3 -7

Nuclear

1600-2200

1.0

5-7

considering the nuclear energy as one of the main possible and proved
alternatives. We have to accept that introducing nuclear energy to
developing countries is associated with some restrictions and problems.
Many studies(5>8'9) discussed the problems related to the promotion of
nuclear power programs in developing countries. We can summarize such
problems in the following requirements :
a) Requirements on the national levels which include : long term
policy reasoning for nuclear power, national commitment and
legislation, qualified manpower, financial situation and industrial
support structure.
b) Requirements on the international levels including: international
agreements, contractual arrangements and channels for technical
assistance and technology transfere.
In a recent study( * concerning the constraints on the Egyptian nuclear
program the author indicated that the claims by Egyptian officials that the
country's nuclear progress has been stymied by lack of access to the
requisite technology is not true specially in the present time. The main
reasons - according to the author - for the slow progress in the nuclear
field in Egypt appears to be more tied to factors such as inadequate
political support and an inability to obtain funding. In our opinion these are
the main reasons in most of the developing countries.
However, nuclear power can have a large share in the energy mix
proposed to satisfy the growing energy needs in developing countries. One
of the main advantages of nuclear power is the low emission of greenhouse
gases per unit of electricity produced compared to other energy production
sources. For example, fossil fueled chains, emit some fifty times more than
nuclear energy*1 *\ Although an expansion of nuclear power alone will not
solve the energy/ environment problems, these problems cannot be solved
without greater use of nuclear power.

NUCLEAR-ELECTRIC- HYDROGEN ENERGY SYSTEM

Development of nuclear energy requires a gaseous vector as a partner for
electricity. This partner could well be hydrogen produced by water
decomposition as the ultimate gaseous intermediate carrier of energy.
A combination of nuclear energy associated with the production of
hydrogen gas as an energy carrier could be an excellent solution for remote
areas as a clean energy chain. In such chain the nuclear power could be a
clean source for electricity and also for hydrogen production as a clean
energy carrier. This proposed chain may have the following advantages :
1. Very little pollution specially greenhouse gases emissions.
2. Satisfying most - if not all - of the energy needs in any clean,
remote and newly developed areas.
3. Some economical benefits by saving the costs of energy
transmission, to these remote areas, either as electricity or
as fossil fuels.

Hydrogen could be advantageously used as a clean energy carrier for
heat supply and transportation purposes. Many studies have been focused
on the problems related to the use of hydrogen as a heat supply such as :
storage and transportation02'l3) production by electrolytic processes(14>15),
combustion and direct fuel use of hydrogen( ' . We can summarize these
research results in the following points:
1. Hydrogen could be used in its end-use as a non polluting and
versatile fuel or chemical. Also it has the advantage of being nonfossil. It has the advantage of having a fuel nature, which enables
direct storability and transmission as a material flow.
2. The production of hydrogen from nuclear power could be either by
electrolysis, or by thermolysis.The efficiency could be as high as

50% especially in the latter technique. Research in this field is
still going on for increasing efficiency and decreasing costs of
production.
3. Storage and transfer of hydrogen could be accomplished with
"state-of-the-art" technologies with reasonable cost. Most of these
technologies are now in use.
4. The hydrogen is being used now in many prototype hydrogen
automobiles which have been manufactured and tested.The
hydrogen motor reaches an efficiency close to that of the natural gas
motor.
Accordingly, the main advantages of using a nuclear-electric- hydrogen
energy chain could be summarized in the following two points:
1. A pollution free energy chain specially for the greenhouse gases
and other air polluting gases.
2. Saving the cost of long distance transportation costs for energy
required to romote areas either in the form of electricity
(transmission lines) or in the form of liquid fossil fuel (pipelines,
vehicles transportation, ...etc.).

Taking the above infacts in considerations we can propose a specific
nuclear-electric-hydrogen system. In the following proposal the power
required for a newly developed area of a population of about 1/2 a million
inhabitants is given in some details.

1. The present electricity consumption in Egypt is around 800
Kwh /year and in Syria is about 1000 Kwh/year. If we consider a
threefold increase in the future, thus an annual consumption of
3000 Kwh/capita could be considered reasonable.
2. If we consider the other direct requirements of the fuel to be
nearly the some as the electrical requirements i.e. 3000
Kwh/
U1+9

year/capita.and if this is to be produced by an efficiency of 50%,.
thus the required electricity will be 6000 Kwh/year/capita to
satisfy all other requirements. Therefore the total annual
requirements per capita will be 9000 Kwh.
3. For this proposed consumption the energy required for half a
million inhabitants in any remote area will be a 600 MW(e) nuclear
power station (or 2 units of 300 Mwe) with a power factor of 80%
Such a power station will be enough to satisfy all the energy
requirements of this medium size community.
From the economic point of view, we can consider the following :
1. In spite of the higher investment costs of the nuclear power stations,
savings in fuel costs gives a comparable power cost for both fossile
and nuclear powers, (see Table 3)
2 . If the proposed system is to be used in a newely developed remote
area (e.g. EL-Ewyyenat area at the South-west boarders of Egypt),
the following advantages could be achieved :
a) Saving the cost of power transmission to this area either in the
shape of electric power using transmission lines or in the shape of
liquid oil with pipeline. Saving will include investment costs and
maintenance costs.
b) Saving of losses in electricity transmission and distribution. For
Electrical transmission line the power loss may reach 15% in long
lines(18) as a maximum loss. The loss percentage figures of
electrical networks of the developing countries are considerably
(
higher, up to 20 - 25% and even higher

CONCLUSIONS

To satisfy the growing electricity demand and the increasing awareness
of environmental issues in developing countries one of the main power
generation chains could be nuclear-electric-hydrogen chain. Such chain

1*50

may have the following advantages:
1. It can cover a part of the national energy requirements in a
developing country, especially in the context of the developing of
diverse energy systems.
2. Such chain has the potential to contribute significantly to optimized
energy system expansion strategies based upon environmental
criteria.
3. Such chain may have possible economical effects by saving the cost
of power transmission to remote areas.

REFERENCES

1)

"Energy From Inertial Fusion", ch.7 in ,"Future Energy
Requirements", International Atomic Energy Agency, Vienna,
1995.

2)

"Energy for Tomorrow's World, the Realities, the Real Options and
the Agenda for Achievements" World Energy Concil, Kogan Page
Ltd., 1993.

3)

S. M. Rashed, F. H. Hammad," Electrical Power Resources in
Egypt : Production and Consumption compared to the International
Levels", ARE - AEA / Int. Rop. -135, 1992.

4)

Muiiir A. Khan, Proceeding of the Second Arab Energy
Conference, Doha, Qatar, 6-11 March 1982 Vol. 3, p.p. 467.

5)

A. S. Abdel-Gawwad Emara "Nuclear power prospects in the Arab
World", paper presented to Technical Committee Meeting on
"Criteria for the Introduction of advanced power Technology for
Specific Applications in Developing Countries" Vienna 27 - 30
June, 1988 ; IAEA - TECTDOC 541 .

(6)

World Bank Atlas 1978, The World Bank, Washington, D. C.

(7)

Syrian Ministry of Electricity, private Communication .

8)

A. S. Abdel-Gavvwad Emara "Incentives for Advanced Nuclear
Power Technology", paper presented to Technical Committee
Meeting on "Criteria for the Introduction of advanced power
Technology for Specific Applications in Developing Countries"
Vienna 27 - 30 June, 1988 ; IAEA - TECTDOC 541 .

9)

"Promotion and Financing of Nuclear Power Programmes in
Developing Countries" Report to the IAEA by Senior Expert
Group, Vienna, 1987.

10) Barbara M. Gregory "Egypt's Nuclear Program : Assessing
Supplier-Based and other Developmental Constraints"
Nonproliferation Review, Fall (1995), pp. 20 - 27.
11) P. L. June "The possible Role of Nuclear power in alleviating the
Risks of Global Climate Change", 20th International Nathiagoli
Sammer College, Islamabad, Pakistan 1 - 6 July, 1995.
12) C. Carpets "Hydrogen Storage & Transportation", in Second Intl
symp. on "Hydrogen Produced from Renewable Energy", Florida,
Oct. 22 - 24, 1985, pp. 3 - 10 publisher Florida Solar Energy
Center, 1985 .
13) D. O. Northwood et al "Storing Hydrogen as a Metal Hydride",
ibid., pp. 199-210.
14) H. I. Shaaban et al "Hydrogen Production from solar Energy in
Egypt" ibid. pp. 37 - 46.
15) D. B. Da silva et al "Electrolytic Hydrogen Production Close to
Hydropower Plants", ibid., pp. 17 - 24.

16) A. I. Mischenko et al "Hydrogen Use for Automotive Vehicles",
ibid., pp. 367 - 376.
17) J. S. Wallace "Hydrogen fueled Engine Durability", ibid., pp.
409-418.
18) I. D. Stancescu," Energy and Nuclear Power Planning in Developing
Countries", IAEA, Technical Reports Series No. 245, Vienna,
1985.

APPLICATION OF THE FINITE ELEMENT METHOD
IN THE NUCLEAR INDUSTRY

KHALED AHMED
Atomic Energy Authority, Alexandria, Egypt

ABSTRACT
Finite Element Method is one of the most powerful numerical tool used in the
nuclear reactor technology, the method deals with a wide spectrum of nuclear
reactor applications starting from Neutronics and physical design of the reactor up
to the safety
and environmental impact. The use of the method in the
thermo-mechanical design of the reactor components including stress analysis ,
design optimization, dynamic response of the structures and thermal-hydraulics
represent the most important and common fields of the method. In this paper an
overview of the method and its spectrum of applications in the nuclear reactor
design will be displayed and explained. Some examples of certain component design
will be analyzed using the most common and well known FE computer codes like
SAP90 and ALGOR.

INTRODUCTION
Finite Element Method (FEM) can handle problems possing any mathematical or
physical problem described by differential , integral , integro-differential or
variational equations. One of the most vital industrial and scientific fields that uses
the FEM is the nuclear field. Of course the design of the nuclear reactor needs a
large scale of physical and mechanical parameters that should be determined as

accurate as possible for the very special safety considerations required by this
industry. This physical and mechanical parameters starting from neutronics
including neutron flux distribution , heat transfer, fluid mechanics ( two phase flow)
up to stress analysis concerning the pressure vessel and mechanical components
design .The neutron flux distribution calculated from the multigroup transport
equation and the thermal-hydraulic design has been evaluated using the FEM by
many authors (U) A fast review of the method will be given focused on the static and
dynamic analysis followed by some calculations for the pressure vessel and
pneumatic safety valve as examples of the method.

FEM NUMERICAL FORMULATION STEPS FOR LINEAR ELASTICITY
The following steps is the general role in handling any elasticity problem by the
Finite Element Method (FEM)
- Create the FE mesh as shown in Fig. (1)
- Approximate the displacement fields in every finite element by polynomial form
- Carry out the integrations as required by virtual displacement principle. Do it
element by element and add the contributions.
- A discrete equation system is generated for the coefficients of the polynomials
If a body of volume V and surface area S is subjected to a set external loads P and
body forces b then, From the principles of virtual displacement(3).

deTa.dV= \ 8uT.P.dS+ \ UT.b.dV
Js

Jv

Where 8 , a and u are the strain , stress and displacement respectively.
For the following example (nuclear pressure vessel) where the geometry is
axisymmetric cylinder.
U = \_U, Wj

displacements in the r&z directions

'T' over the bracket means transpose of the matrix.

where yn is the shear strain.

l'lg.(l)FE Mesh Generation

•i.n

I',I

1

ll.-ll

Meulelomenl

Heleience element

Fig. (2) Cooidinnie Transrotmndon From renl to

Fig. (3) Norninl nnd Tnngenllnl UlsfrIbuted
Londing

U56

From the theory of elasticity(4), the following forms of the strain components
could be obtained

g, __ —

and

The virtual displacement and strain quantities could be represented by,

Through the linear elasticity theory the stress strain relationship could be
represented in the matrix form as,

W = [D] [e]
where D is the elasticity matrix and [ a ] the stress matrix will take the form,

The boundary loads, the body forces and the volume element could be written in the
matrix form as,

&

dV=2vrdr<k

To simplify the analytical expressions for elements, an element of reference is
introduced as shown in Fig. (2). r and z coordinates are transformed to C, & F|.
Thus L, and T\ vary from-1 to+1.

The relation between local and global coordinate system is

r = t N&, T]). r,
1=1

n
/=!

(1 + ££/)(! + r)T|,)

where

(4-node dement)

Thus the displacement matrix in the two direction will be

[£/] =
where i is the node number for each element. The strain will be,

e = strain =

dr

Hi ,0
/ •

Where ,

B,™

0,
~az '

dN,

Of

Assuming zero body forces, for each node i we have
(2)

v
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The term of the shaping function and its derivatives with respect to the generalized
coordinates could be treated from the basics of calculus as follows,
- Dealing with the drevatives
dN

dN

dNcfr , dN d£

dr dr\

dz dr\

Or in the matrix form,
dN

dN
dr
dN
dz

•

dN
dry dr\

dN ~

—r
n
~~LyJ

dr
dN
dz

Where J is the jacobian matrix .Thus, the element jacobian matrix will take the
form,

re __

i

/=]

n

V

av,

A

' • *

av,

e

n
x*^ a»i

z,"

2^ """^"

1=1

y av.

L
/=!
The element strain will take the form,

1=1

The volume element with respect to the generalized coordinates will be,
^ i * | J | c d^ dr|

where he= ITlx* for axisymmetric geometry.

The element stress will be written as,
II

I
1=1

Thus the 1" term in Eq. (2) could be written in the form

/ [B(]Tcr dV =/ [B,] T [D] e ( t Bj u?) dV = ± K§ uf
v

J=1

v

J=1

Where n is the number of nodes / element and Ky' is the element stiffness matrix
which could be evaluated by the following form based on the generalized
coordinates
1 l

l

T

=J J [Br] D

e

B;

e

e

h l Jl d^ dn =JJ Ty d^ d n

-1 -1

Which could be integrated simply by gauss method (5).
The 2nd term in Eq. (2) represents the applied external forces. Any element edge can
have distributed loading/unit length in a normal and tangential direction as shown
in Fig.(3). Thus the 2nd term in Eq. (2) will be,

F'=J[N?]T

dS

For each edge node

Pr,-J[Nf](P,f-P»|)d5

Where Pn and Pt are the normal & tangential distributed loads. Integration is taken
along the loaded element edge which is arbitrary chosen to be defined by r\=-l.
Using the former analysis applied on one of the nuclear reactor pressure vessel (6) ,
the radial and axial contour stresses for devision 1 and 2 respectively is obtained as
shown in Fig.(4)
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Fig.(4) Subdivision Stress results in Psi of a Sector of a Nuclear Pressure Vessel
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Fig. (5) Peuumatic Safety Valve Exposed to an Earthquake Effect and its
Time-Torque Response at the Tube to Valve Joint.
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FEM MATHEMATICAL FORMULATION FOR THE DYNAMIC RESPONSE
The choice to perform either static or dynamic analysis that is, whether to include
or neglect the inertia effect and the time variation of the loads, however when the
frequency of the excitation exceeds about one-third the structure's fundamental
frequency, inertia effects become important and the problem should be treated as
dynamic.
The equation that governs the dynamic response of the FE model is given by (7) .

Where [M], [C], and [K] are the mass , damping and stiffness matrix respectively.
[U], [U] and [U] are the vectors of nodal displacement, velocities and accelerations.
[F(t)j is a vector of time dependant applied load. When the structure is subjected to
ground motion, its response is governed by,

= -[M][ug(t)]

(3)

Where [ll (t)] is the vector of ground acceleration . In most dynamic problems the
matrices [MJ, [CJ and [K] are independent of time and the system is linear. So
Eq.(3) could be written as,

Where

[FJ = [M][U]
D] ™ [C][U]
[F s ] = [K][U]

— > nodal inertia force
= = > nodal damping force
= > nodal elastic force

Eq. (4) represents a system of second order differential equations which can be
solved by the FE technique. Ahmed et a l m treated such problem.The safety
pneumatic valve is an example of a common piece working in the nuclear reactor
system that exposed to a dynamic load ( Earthquake). The response spectrum
analysis of the valve under the dynamic load is shown in Fig.(5).
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CONCLUSION
FEM has been proved to be one of the most powerful and reliable tool dealing with
any system of differential equations concerning problems in the physical and
thermo-mcchanical design of the nuclear reactor. The method is very efficient
especially for complicated boundary conditions. There are many generalized FE
codes that made the method more popular.
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PREPARATION OF NICKEL FERRITE POWDER USING THE
AEROSOLIZATION TECHNIQUE FOR AQUEOUS SOLUTIONS
OF THE MIXED NITRATES
M. A.A. ELMASRY
Metallurgy Dept., Nuclear Research Center, Atomic Energy, Cairo, Egypt.

ABSTRACT

In this study, mixed nickel nitrate and ferric nitrate aqueous solutions with different
concentrations [ 5 wt %, and 1.5 wt % Fe(NO3)3 ],
NiFe2O 4 powder

and in the ratio to produce

were subjected to aerosolization by atomization and firing. The final

products were found to be hollow spheres. Depending on the pyrolysis temperature, the
degree of crystallinity of NiFe 2 O4 changes from non-crystalline (T < 753 K) to fully
crystalline (T > 933 K) as revealed from the X-ray diffraction results. In addition to
that, increasing the pyrolysis temperature was found to increase the average particle
size, lower the specific surface area and the average bulk density. On the other hand,
the results indicated that the concentration of the starting aqueous solution has an
appreciable effect on the product characteristics, i.e. the decomposition efficiency, the
average particle size, the particle size distribution, and the amount of the product.

1»6U

INTRODUCTION

Several processes are under investigation and development for synthesis of ceramic
powders with better homogeneity. Aerosolization techniques are adopted for preparing
simple phases produced from one starting material, such as simple oxides, or phases
containing oxides of more than one metal produced from more than one raw material.
The major attribute of aerosolization techniques is that one or more salts can be
dissolved in a

suitable solvent to form a homogeneous solution which can be sprayed

to fine droplets having the required amount of reactants. The morphology of the
resulting particles was found to depend on the physical and chemical properties of the
starting solution, operating conditions of the process and some other factors (1"3).

The aim of this experimental work is to investigate the feasibility of producing
NiFe2O4

from mixed Ni(II) and Fe(III) nitrates aqueous solutions using the

aerosolization by atomization technique and to study the
parameters

such

effect

of the operating

as temperature, and solution concentration on the product

characteristics.

EXPERIMENTAL TECHNIQUES

Mixed Ni (II) and Fe (III) nitrates solutions' were prepared by dissolving nickel
nitrate hexahydrate and ferric nitrate nonahydrate in water in the required amounts for
producing NiFe2O4 using

the

aerosolization by atomization technique. The final

products were characterized by differential
gravitational analysis

thermal

analysis

(DTA),

thermal

(TGA), X-ray diffraction and scanning electron microscopy.

Measurements of density, particle size and specific surface area were also performed.
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Details of the experimental procedures as well as the product characterization are
described in a previous work <4).

RESULTS AND DISCUSSION

The operating conditions used in this part of investigation are the same as those used
in a previous research(4). In this investigation, two sets of experiments were performed;
the first on a starting mixed nitrate solution having 5 wt % Fe(NO3)3 and the second
on a starting mixed nitrate solution having 1.5 wt % Fe(NO3 )3 .

1. Aerosolization of Mixed Nitrate Solution [5 wt % Fe(NO3)3 ] :

The individual nitrate solutions

were

mixed

in the ratio required to produce

stoichiometric NiFe2C>4. The thermal gravitational analyses for the aerosolization
products at different temperatures were carried out in stagnant air at a heating rate of 5
K min-1
aerosolized

from

room

temperature up to 1773K as it is shown in Fig. 1. For samples

at 753 K and below, the DTA curve exhibits endothermic peaks below

333 K on the DTA curves indicating the presence of residual hydrated salts as it may
be observed in Fig. 2. On the other hand,

for the product obtained at pyrolysis

temperatures of 843 K and above, these peaks disappear and a lower loss in weight is
obtained, as it is clear from Fig. 1. The decomposition efficiency as calculated using
Fig. 1 was found to increase with increasing the pyrolysis temperature . Nameiy, it has
the values of 66 % at 723 K , 85 % at 843 K, 94 % at 1013 K, and 96 % at 1083 K.
It

seems

that above 843 K the formation and crystallization of NiFe2O4 retards

further decomposition.

The X-ray

diffraction for the aerosol products obtained at

the pyrolysis

temperatures 723, 753, 843, 933, 1013, and 1083 K are given in Figs. 3 and 4. From
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Fig. 1: Effect of pyrolysis temperature on the decomposition
behaviour of aerosolization products of mixed nitrate
solution[5 wt% Fe(NO3)3 ].
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these figures it is clear that the powders obtained at temperatures lower than 753 K are
non-crystalline,

while

at temperatures above

present. Between the aforementioned
semicrystalline. The degree

of

two

933

K,

a crystalline NiFe2O4 is

pyrolysis temperatures, the product is

crystallinity increases as the pyrolysis temperature

increases, as indicated by the sharpness of the X-ray diffraction peaks.

The SEM photomicrographs for the aerosolization products obtained at pyrolysis
temperatures of 753 K and 1083 K, Figs. 5 and 6 show that the product particles are
hollow

spheres. It is obvious also that their size increases as the pyrolysis temperature

increases.

On the other hand, lower pyrolysis temperatures produce narrow particle

size distributions. Agglomeration and sintering are observed in the aerosol particles
at all the processing temperatures investigated. The tiny particles tend to agglomerate
and

sinter, resulting in developing surface roughness. The clusters tend to spherodize

and the surface cavities try to decrease their energy by forming smooth surface by
surface diffusion. At higher temperatures, the number of these clusters decreases due
to their complete sintering and spherodization

(5l6)

.

The effect of the pyrolysis temperature on the average particle size of the product
is shown in Fig. 7. This behavior reveals that the average particle size <d> increases
linearly with the pyrolysis temperature T K, according the empirical relation :

< d > = 1.55 x 10

T-3-0.63

where < d > is measured in micrometers.

From the particle size distribution analyses for the aerosol products, it is concluded
that the particles formed at high pyrolysis temperatures have a broad size distribution.
This agrees with the SEM results. It is also observed that the powder produced at 753
K is one modally distributed powder while that at 843 K is bimodally distributed. At
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Fig. 5: SEM photomicrograph - Aerosol product using
mixed nitrate solution.753 K_

Fig. 6: SEM photomicrograph - Aerosol product using
mixed nitrate solution, 1083 K.
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Fig. 7: Effect of pyrolysis temperature ou the average
particle size of the aerosol product.
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Fig. 8: X-ray patterns for fired aerosol products,
(a) 1083 K, (b) 933 K, (c) 753 K.

933 K, the distribution is trimodally. At 1013 K and above, it is more than trimodally
distributed powder which indicates that agglomeration and sintering took place. This
behaviour was found in a previous work in the preparation of CoFe2O4(7).

The characteristics of the aerosolization products obtained using the mixed nitrate
solution are given in Table 1. It is clear from this table that high values of specific
surface area (measured by BET) are obtained for the particles prepared at low pyrolysis
temperatures. It is also obvious that the specific surface area decreases with increasing
the pyrolysis temperature due to the increase in the average particle size because of
sintering. The high roughness and smaller particles obtained at low

temperatures

explain the reason for high specific area. To assess sinterability of the aerosol products
obtained at 753 K, 933 K and 1083 K, they were examined after heating them without
compaction up to 773 K at a heating rate of 5 Kmin-i and a soaking for 5 min. It was
found that the strength of magnetization of samples, as examined by the Gouy balance,
seems to be inversely proportional to the pyrolysis temperature. The strongest material
was that prepared at the lowest pyrolysis temperature.

The three samples were X-rayed after heating them up to 773 K and soaking for 5 min
at this temperature. From the X-ray diffraction patterns, Fig. 8, it is to be concluded
that the sample prepared at 753 K, which was non-crystalline, Tablel, became well
crystalline product with the largest particle

size, while the pattern of the powder

prepared at 1083 K did not show any appreciable change compared with its case before
sintering.

This

conclusion implies that products obtained at lower pyrolysis

temperatures are more active, sinterable, and grow faster than those obtained at high
temperatures. This result agrees with the previous investigations on the mehanical
activation of nikel ferrite by Pavlukhin et al.(8)

Table 1: Characteristics of the aerosol products using mixed nitrate solution
T(K)
753
843
933
1013
1083

M
none
none
exist
exist
exist

a(g cm"3)
3.55
3.49
3.15
3.02
2.28

d(micron
0.57
0.62
0.85
0.91
1.07

T: pyrolysis temperature.
a: average powder density.
a : specific surface area by BET.

a(cm2g1)
112
106
87
14
11

C
non-crystalline
non-crystalline
slightly crystalline
slightly crystalline
slightly crystalline

M : magnetic character,
d : particle size [median].
C : crystallization.

Table 2: Effect of the concentration of the solution on the aerosol products
Pyrolysis
Temperature
(K)
753
1013
1083

Specific Surfae Area
m2/g
5.0 Wt.%
1.5 Wt.%
112
86
14
14
12
8

Efficiency*
(%)
1.5 Wt.%
5.0 Wt.%
81
76
97
94
99
96

Calculated by assuming no moisture in the aerosol product

2. Acro.soli/nlion of iMixed Nitrate Solution [1.5 >vt % Fc(NOj) 3 ] :

This part was performed in order to study the effect of the dilution of stnMirm
solution on the product characteristics. Three pyrolysis temperatures were used in (HK
part, these are 753,1013 and 1083 K The TGA thermograms of the aerosoli/.nlion
products are shown in Fig.9. The efficiency of NiFe20.1 production is calculated from
this figure and it was found that the efficiency of producing NiFe 2 O 4 is higher than
those obtained from the higher concentration solution in the previous section. The Xray patterns Fig. 10, indicate that the product obtained at 753 K

is

not

well

crystalline NiFe 2 O 4 . The SEM photomicrographs for the products obtained at 753,
1013 and 1083 K, Fig

11, indicate that the average particle size of these products is

lower than that obtained from the higher concentration solution at the same pyrolysis
temperatures. It seems that with low concentration, the content of the salt in each
droplet is less and by evaporating more liquid a smaller spherical crust is formed. Better
temperature

distribution

within

the particle is achieved increasing the pyrolysis

efficiency, Table (2). On the other hand, low concentration produces smaller active
particles but the yield is much lower.

CONCLUSIONS

Depending on the aforementioned

results, the following conclusions can be

drawn :
1. The products of aerosolization
non-crystalline to crystalline

are hollow spheres which vary from

materials

depending on the pyrolysis

temperatureused.
2. Increasing

the pyrolysis

temperature

results

in an

increase in

the decomposition efficiency, the degree of crystallinity, a averge particle
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Fig. 11: SEM photomicrograph - Aerosol product using
mixed nitrate solution, (a) 753 k,(b) 1013 IC
(c) 1083 K.
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size of resulting powder and

the particle size distribution becomes

bimodally, trimodally or more depending on the decomposition
temperature, but in contrast decreases the specific surface area and average
bulk density.
3. Higher sinterability for loose powders was achieved for the
aerosolization products obtained at lower pyrolysis temperatures.
4. The strength of magnetization after sintering for 5 min at 773 K using a heating
rate 5 K min-1 is inversely proportional to the pyrolysis temperature and the
strongest material was that prepared at the lowest pyrolysis temperature.
5. Lower concentration of starting solution raises the decomposition efficiency
and produces lower yield with smaller particle size and narrow particle
size distribution.
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EFFECT OF MAGNETRON RF SPUTTERING PARAMETERS
ON PROPERTIES OF Si3N4 FILMS

M.A.A. ELMASRY and A.F. WAHEED

Materials Division, Ocpt. of Metallurgy, Nuclear Research Centre ,AEA, Cairo, Egypt

ABSTRACT
Silicon nitride possesses a useful combination of properties. It has an excellent
oxidation, corrosion and thermal shock resistance, it is used in many engineering
applications. Because of its properties SLjN4 can be used as a coat for alloys used in
high temperature applications.
Effect of sputtering parameters, especially N2 fraction in sputtering gas, sputtering
gas pressure, bias potential and substrate temperature, on properties of Sl,N4 films
were studied. It was found that, the deposition rate decreases from 60 nm/min to 20
nm/min as the nitrogen fraction increases from 0.05 to 1.00 . The deposition rate
increased as the sputtering gas pressure increases and becomes maximum at 9x10
mbar. Increasing the substrate temperature up to 600 C have no effect on deposition
rate and the density of the film. Scanning electron microscopy (SEM) is used to study
the film features.
INTRODUCTION
Studies have declared that S^Njhave intrinsically strong covalent bond and it is a
promising material which has excellent potential for high temperature engineering
applications . Silicon nitride possesses a wide combination of properties including
high strength and hardness as well as excellent oxidation, corrosion and thermal shock
resistance, which is of interest in many engineering applications . Ceramics are
produced by reaction sintering, hot pressing, hot isostatic pressing, pressureless -

sintering, or gas pressure sintering. It is difficult to density without additives because
of the covalent nature of Si-N bonding .
So is thought of as a family of composition alloys, each with its own combination
of properties. Some of the components involve as the base material with approximately
1-10% of other materials added as sintering aids . materials are excellent candidate for
wear applications, it has adequate resistance to abrasive wear, since it has intermediate
hardness (14-i7GPa), it is harder than metals, but it is softer than A12O3 (17-19 GPa)
and carbides as SiC(>22GPa) . Also, Si3N4 is a candidate material for heat engine
application, hot pressed Si3N4 is used in some parts of gas turbine to increase operating
temperature and performance . Because of high thermal conductivity, low thermal
expansion, high strength and high toughness Si3'N4 work as cutting tools . Because
of its excellent oxidation and corrosion resistance, Si3N4 can be used as a coating
material for high temperature application. To apply on the surface of a component it is
easier to use one of the recently developed techniques
In the present study, properties of S^N,, films, deposited by magnetron rfsputtering were investigated. The effect of the sputtering parameters on these
properties were also investigated. These parameters were N2 fraction in the sputtering
gas, sputtering gas pressure, bias potential and substrate temperature.
EXPERIMENTAL
Magnetron sputtering differs from other sputtering techniques in that the majority
of the plasma is confined to a region near the target surface by using a strong magnetic
field to bend the trajectories of the secondary electrons ejected from the target surface
into convoluted spiral- like patterns across the target surface.
The advantages of magnetron sputtering are high deposition rates, low sputtering
pressures
substrate temperatures .Magnetron cathodes can be powered
tires and reduced
redi
using an rf-voltage.
The Si3N4 films were prepared by reactive rf- planar magnetron in a diffiisionpumped vacuum system capable of maintaining a constant pumping speed of 260 LS~ 1
to predetermined pressures. Silicon with purity of 99.99% was sputtered (the target) in
a mixture of pure argon (99.997%) and pure nitrogen (99.992%) at constant flow rate
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during all depositions in order to obtain the same stoichiometry. Before all depositions
-4

the chamber was evacuated to a pressure of 2x10 mbar and during deposition the
total pressure was kept at 8x10' mbar. The power applied to the discharge was 70W
and the target to substrate distance was 4cm. For some depositions a substrate bias up
-200 volt was applied, in other depositions the nitrogen fraction in sputtering gas was
varied from fN2 0.05 to 1.0.
The substrate were in the form of stainless steel strips, they were ground and
polished using 600 grade emery papers for the final polish. Prior to deposition
specimens were ultrasonically cleaned in acetone and ethanol. the substrates were also
sputter cleaned immediately before the deposition. The film thickness was measured
using profimeter (Dektak II). The surface morphology was studied by the scanning
electron microscopy (SEM). As an indication of coating-substrate adhesion, the critical
load (as defined by the scratch method) was used.
RESULTS AND DISCUSSION
1. Effect of nitrogen fraction in sputtering gas on film properties:
The fraction of nitrogen(fN2) was varied in this group of experiments from 0-1.
The effect of f N2 on deposition rate was studied by measuring the film thickness after
two hours deposition. As can be seen in Fig.(l) the deposition rate decreases from
60 nm/min at f ^ 0 . 0 5 to 20 nm/min at f N2 ~l, i.c with increasing nitrogen fraction.
The decrease in deposition rate is due to the reduction in the sputtering rate of target,
which is believed to result primarily from the reaction of nitrogen with silicon target
surface and from the dependence of sputtering yield on bombardment species. The
sputtering rate of silicon nitride is less than that of silicon .
The composition of the sputtered films on stainless steel substrate, graphite and
silicon was determined by three techniques: the Glow Discharge Optical Spectroscope
(GDOS), Rutherford Backscattering (RBS) and Electron Microprobe Analyzer
(EMA).Fig.(2) shows the effect of fN2 on film composition as studied by GDOS, RBS
and EMA. The results indicate the increasing tendency of the stoichiometric ratio
NN/Nsi with the nitrogen fraction. The stiochiometric ratio increases sharply for fN2
0.15-0.2 and after that increases slightly.
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The density of the reactivity sputtered silicon nitride films increases as the
fN2increase it is 2.7 grn/cm3 at fN2 =0.05 and becomes 3.2 gm/cm at fN2=l, as it is
obvious from Fig.(3), which means the increase in the compactness of formed film as
fN2 increases. Fig(4) shows SEM micrograph of films deposited at sputtering gas
pressure 8x10-3 mbar at fN2=0.05 and fN2=0.5. The films are amorphous. The influence
of fN2 on microstructure was not observed.
2. Effect of sputtering gas pressure on film properties:
In these experiments the fN2 was 1 and 0.5 and the sputtering gas pressure varied
from 4x10
to 2x10' mbar, all other parameters were kept constant. Fig(5) shows
the effect of changes increasing sputtering gas pressure on deposition rate in case of
fN2^l, it is obvious that the deposition rate increases with increasing sputtering gas
pressure and have maximum value at 8-10x10 mbar and then decreases, this can be
explained by the changes in the mean free path. The mean free path (defined as the
average distance traveled by a particle before a collision will occur and it varies
inversely with pressure
), decreases with increasing gas pressure, when the distance
between target and substrate is more than ten free mean path, the sputtered atoms are
subjected to more collision before they reach the substrate. Tims, the arriving fraction
of the sputtered atoms decreases

fN2

The dependence of film composition on the sputtering gas pressure in case of
1 (pure nitrogen) is shown in Fig(6), it is obvious that as the nitrogen pressure is
-4

-4

decreased, the N N ^si ^creases, but in the pressure range 4x10 mbar to 2.5x10 mbar
the NN/Nsi decreases, this can attributed to the self- biased substrate against plasma in
(14)

rf sputtering. The self biased potential increases with increasing sputtering pressure .
There are several nitrogen species which are expected to be present in the discharge
and can be chemisorbed. These are (1) atomic nitrogen. (2) N2 ions have energies > 9
eV and (3) nitrogen particles with energies > 75 eV. Atomic nitrogen. Atomic nitrogen
which impacting the growth of the film should be chemisorbed. N2 ions with energies
> 9 eV have a high probability of dissociating upon impact with the film surface to
form two free nitrogen atoms (the dissociation energy of N2 is 8.7 eV). Higherenergy particles (> 75 eV ) are incorporated in the film by embedding themselves in the
lattice.
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In case of fN2 = 0.5, the dependence of film composition on the sputtering gas
pressure in A1-N2 atmosphere is shown in Fig (7). It exhibits the similar change
tendency to in case of fN2 =1, but the influence of the self-biased potential on
stoichmetry ratio is less than that in case of f N2 -l, because of the less nitrogen ion
presented ( 50% Ar), than in fN2 ~1. The SEM morphology of the deposited films is
given in Fig (8).
3. Effect of the bias potential on film properties:
In

these

experiments fN2 was 0.1 and 1.0 the corresponding sputtering gas

pressures were 8x10

and 2x10 mbar respectively. The bias potential was varied in

the range from zero to -200 volts.
It was expected that the fihns would undergo some changes in their morphology
during film deposition. This can be as a result of the bombardment with argon ions the
plasma accelerated by the bias voltage and that the morphology of the prepared films
(14)

would vary according to the substrate bias potential .Fig(9) gives the changes in the
stoichiometric ratio N,/N si the reactivity sputtered films, which were deposited on
stainless steel substrates and analyzed by means of GDOS as a function of the bias
potential. It is obvious that the N,/N si increases up to bias voltage-150 volt, and it
saturates at bias potentials higher than -150 volt. It can be observed that the
stoichiometric ratio can reach ~ 2 at bias voltage -200 volt. Hie specimens analyzed by
RBS were deposited on graphite and silicon substrates, and can be seen in Fig. (9),
they have the same character as fihns deposited on stainless steel substrates.
The incorporation of argon in sputtered films was studied and it was concluded
that it depend on the mass ratio between the coating materials and the working gas and
bias potential have an effect also. Fig. (10) shows energy spectrums of helium back
scattered of film which deposited in the Ar-N2 sputtering gas by applying bias potential
to substrate equal -200 volt and fN2=0.1, it is obvious that the film contains = 4.8% Ar.
As an indication of the coating - substrate adhesion, the critical load Lc is used
(Lc is defined
surface

as load at which the coating is removed in a regular way along the

). During scratch testing the diamond stylus induces a shear stress in the

surface of the coating and a discontinuity in the scratch stress -caused by differences in
the mechanical properties of the coating and substrates- induces adhesive failure
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The critical loads as determined in scratch test for fihns deposited at bias voltages
ranging from 0 to -200 volt on stainless steel substrates are listed in Table (1).
Table (1) critical load as determined from scratch test
Bias potential (V)
0

Thickness (|im)
2.32

Critical load (N)
12.5

-50

2.26

22.5

-150

2.54

7.5

-200

2.37

5.0

The critical load of the deposited at bias potential -50 volt is higher than that deposited
without bias. The increase of the bias potential have the same effect as if the discharge
power of the magnetron is increased

, which may lead - at a proper bias voltage- to

make the film more dense i.e. less thick. At higher bias voltages than-50 volt the
critical load decreases.
To get more information about the adhesion of SL,N4 fihns and to decrease stress
formed at the interface due to mismatch. Some films were deposited on Si3N4 ceramic
and they were tested by scratch test, the values are given in Table 2.
Table (2) Critical load of fihns deposited on SLN4 filrns

Bias potential (V)
0

Thickness (fim)
0.5

Critical load (N)
7

0

1.0

11.5

0

1.3

17.5

0

1.6

22.0

0

1.0

11.5

-50

1.0

22.0

-150

1.0

12.0

-200

1.0

11.0

It is clear that without bias as the thickness of the fihn increase the critical load
increase. In case of constant film thickness as the bias voltage increase the critical load
(L c ) have a maximum value at bias voltage -50 volt and then decrease with increasing
bias voltage.
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4. Effect of temperature on film properties:
Sputtering is an energetic process, the sputtered atoms arriving at the substrate
(19)

with \0 eV or high energy . In addition, the substrate is being bombarded by
electrons
and this rise the film and the substrate temperature during sputtering. In all
our previous experiments the substrate temperature is raised to = 200 °C. To study the
effect of substrate temperature on deposition rate, the substrate temperature was raised
up to 600 C. In these experiments the sputtering gas pressure was 2x10 mbar, fN=l
and the fraction of heating power was changed from 22% to 75%, all other parameter
were kept constant. Figs (11) and (12) show the effect of substrate temperature on
deposition rate and film density, respectively. As can be seen, the raise of substrate
temperature up to 600 C has no effect on the deposition rate and film density.
CONCLUSIONS
From the previous study of effect of some sputtering parameters on properties of
Si3N4 films the following conclusions can be given:
1. The fraction of nitrogen (fN2) in sputtering gas affects the deposition rate. Increasing
fN2 from 0.05 to 1.0 decrease the rate of deposition from 60 nm/min to 20 nm/min.
2. Increasing sputtering gas pressure, increases deposition rate up to 9x10 mbar, then
the deposition rate decreases.
3. The increase in the bias voltage of the substrate (UB), increases the stoichiometric
ratio(NN/Nsi) of the sputtered film and it reached 2 at UB higher than-150 volts.
4. The increase of the substrate temperature up to 600 C has no effect on deposition
rate and film density.
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AEROSOLIZATION BEHAVIOR OF INDIVIDUAL NICKEL
NITRATE AND FERRIC NITRATE AQUEOUS SOLUTIONS
M. A. A. ELMASRY
Metallurgy Dept., Nuclear Research Center, Atomic Energ): Cairo, Egypt.

ABSTRACT

The aerosolization products obtained from aerosolization by atomization of 22 wt.%
nickel nitrate and 23 wt.% ferric nitrate aqueous solutions aerosolized separately were
found to consist of hollow spheres. The characterization of these products revealed that
the pyrolysis temperature

affects the crystallinity, particle size, specific surface area,

the average bulk density and the decomposition efficiency of the product. The nickel
nitrate aerosolization product was fired at

723, 843, 1013, and 1083 K. The

decomposition efficiency at the previously mentioned temperatures was 63, 90, 95, and
96% respectively. The X-ray results revealed that the aerosolization product of the
nickel nitrate at 723 K consists of tiny NiO crystals and other noncrystalline phases,
while those obtained at 843 K and higher consist of crystalline NiO. The aerosolization
products of ferric nitrate as fired at 933 K and below were found to be noncrystalline,
while those obtained at 1083 K were found to be crystalline. The average particle size
was found to increase for all the products by increasing the decomposition temperature
of the two nitrate aerosols involved in this investigation. The increase in particle size
was attributed to the sintering of the powder particles. On the other hand the surface
area decreases by increasing the decomposition temperature.
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INTRODUCTION

Ferrites are magnetic materials which play an important
industry.

role in the electronics

As with many advanced ceramics, ferrites are conventionally produced by

solid-state reactions between the oxides in question. Swallow and Jordan
the conventional procedures for the preparation

of

(1)

reviewed

ferrites. On the other hand, a

review of nonconventional techniques for powder preparation is given by Johnson (2>3)
A study combining the known

Sol-Gel

technique,

with aerosol techniques for

preparing submicron spherical particles of nickel ferrite powders has been conducted
(4)

. It was also stated, in that study, that after heating the aerosol product to 873 K,

pure crystalline nickel ferrite was obtained.

Aerosol techniques attracted several investigators (5>6). These techniques are known as
the thermal reaction of atomized solutions processes (TRAS)

(5)

. The

chemical

i

reactions occurring may be classified as decomposition, hydrolysis and pyrolysis. The
most commonly used raw materials for the aerosolization process are metal salts
including

nitrates, acetates, chlorides and sulfates. Aerosols can be generated by either

evaporation-condensation method or the atomization method.
The aim of the present work is to investigate the feasibility of using the aerosolization
technique to prepare nickel oxide and ferric oxide from aqueous solutions of the
corresponding

nitrate salts. Consequently, the effect of pyrolysis temperature and the

starting solution concentration on the product morphology, crystallinity, particle size
distribution , density and surface area has been studied.

EXPERIMENTAL TECHNIQUES

1. Preparation of the aqueous nitrate solutions:

Nickel nitrate hexahydrate (99.7 % purity) and ferric nitrate nonahydrate (98 %
purity), were dissolved separately in deionized water. After thorough mixing, the
concentration of the two aqueous solutions were determined using a FISHER
AUTOMATIC K-F titrimeter system. The two aqueous solutions were charged into
the atomizer separately for the preparation of the corresponding oxides.

2. Aerosolization and firing:

A schematic diagram of the equipment used for the aerosolization and firing processes
is shown in Fig. 1. The nitrate solutions are loaded separately into the atomizer. Dry
filtered

air flows at a proper rate, using the pressure regulators Pj and P 2 , to the

atomizer. The solid state reactions in the produced aerosol droplets take place in the
tube furnace which is maintained at specified temperatures. The produced powder
particles

in the exiting aerosol flow are collected on the nucleopore filter, after which

they were transferred to glass vials, which were then sealed, for further investigations.

PRODUCT CHARACTERIZATION

The aerosol products have been characterized using several techniques which are
briefly explained in the following.
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Fig. 1: A schematic diagram of the equipment used
for aerosolization and firing processes.
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1. Thermal analysis:

A Netzsch simultaneous thermal analyzer (STA 409) was used to carry out the
thermal analyses on starting materials as well as the final products. Calcined kaolin was
used as a reference material and high alumina crucibles were used as sample holders(7>8).

2. X-ray diffraction:

Powder X-ray diffraction was used to determine the degree of crystallinity as well as
to identify the phases present.

3. Electron microscopy:

A JEOL T 33OA Scanning electron microscope (SEM) was used for examining the
morphology of the aerosolization products. The equipment has a magnification range
from 15 X to 200000 X in fixed steps with a guaranteed resolution of 4.5 nm for goldcoated samples.

4. Particle size analysis:

The HORIBA CAPA-700 centrifugal automatic particle size distribution analyzer was
used to measure the particle size distribution. The theory of this equipment is based on
Stocks' law, centrifugation, and light extinction.

5. Specific surface area measurement (BET):

A Micromertics Digisorb 2600 was used to estimate the specific surface area of the
aerosol

product. The concept is based upon the measurement of the volume of gas

forming a monolayer of adsorbed on the surface of a weighed amount of the powder as

a function of pressure at a fixed temperature. As this volume is known , the specific
surface area of the sample can be calculated by the knowledge of the area occupied by
a single gas molecule(9).

6. Density measurement:

A Moore-Van Slyke specific gravity bottle of 2ml volume was used for the
measurement of the apparent density of the powder. The true density of the powder
was determined by the use of a null pycnometer.

RESULTS AND DISCUSSION

1. Operating conditions inside the tube furnace:

All the operating conditions for the process, except for the processing temperature,
type

and concentration of starting solution, were kept constant during this

investigation. One atomizer jet, with 0.38 mm inside diameter, was used. The input
pressure was set at 2.04 atm. (gauge) to generate the required aerosol droplets, (7.45
1 min-i aerosol output). Assuming that the flow inside the tube furnace is mainly air, the
Reynolds number was estimated to be 396 at 293 K and 34 at 1273 K, which
corresponds to a residence time of 3.71 s for the aerosol inside the furnace . The heat
treatment conditions for the aerosol droplets as measured experimentally, are given in
Table 1. The pyrolysis temperature is represented by the average temperature at the
hottest zone.

2. Aerosolization of 22 wt% nickel nitrate solution:

A solution containing 22 % by weight nickel nitrate was used as the starting material.
The TGA thermograms performed at a heating rate of 5 Kmin-1 in stagnant air are
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Table 1: Heat treatment conditions for the aerosol droplets

Setting
Temperature

«)
773
873
973
1073
1173

Average
Heating Rate
For first
For following
(7.6 cm)
(38.1 cm)
(K/s)
(K/5)

410
525
520
660
775

105
105
125
120
130

U99

Constant
Temperature
(5.8-7.8 cm)
+ 20

Average
Cooling
Rate

(K)

(K/s)

753
843
933

240
575
700
540
665

1013
1083

shown in Fig. 2. It is obvious that the decomposition efficiency increases by increasing
the heat treatment temperature as 63 % at 723 K, 90 % at 843 K, 95 % at 1013 K and
9 6 % at 1083 K.

The X-ray diffraction pattern for the product obtained at a pyrolysis temperature of
723 K, Fig. 3, indicates the presence of tiny crystals of NiO, nickel nitrate hydroxide
hydrates, Ni 2 (NO 3 ) 2 (OH) 2 .2H 2 O, and other non-crystalline phase(s). On the other
hand, the pattern obtained at pyrolysis temperatures of 843 K and higher, Fig. 4,
indicates the existence of crystalline NiO. The crystal size was found to increase with
temperature

as expected. The measurement of the density of the particles, gave

unexpected low values and the results were not reproducible. This was attributed to the
presence of hollow particles. Cracking or breaking parts of these particles increases the
density

to different degrees. To confirm this conclusion, the products were slightly

crushed and examined by

the scanning electron microscope (SEM). The powders

obtained at pyrolysis temperatures 753, 933 and 1083 K were investigated under the
(SEM). The photomicrographs indicate that the

particles

obtained from the

aerosolization process are hollow spheres of wide size distribution. Moreover, the SEM
photomicrographs

indicate a limited agglomeration and sintering as it may be

concluded from Fig. 5, which is a SEM photomicrograph of the aerosolization product
of nickel nitrate fired at 933 K.

Comparing the TGA thermograms obtained for the aerosol product (Fig. 2) with
those obtained from the thermal analysis of the original solid salt, in a previous work
[10], reveals that the decomposition curves for the product unlike the mother crystals
are shifted

to

higher temperatures and show a slight decrease in weight on further

heating above 673

K.

So, the formation of hollow spheres as detected by SEM

explains the behavior of the TGA curves. Water vapor and nitrogen oxides are evolved
during heating and are retained inside the spheres after building a thin impermeable skin.
The evolved gases increase the pressure within the spheres and retard further
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Fig. 5: SEM photomicrograph - Aerosol product using
nickel nitrate solution, 933 K.
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decomposition causing the curves to be shifted to higher temperatures. Complete
elimination of the gases is difficult and they diffuse slowly at high temperatures causing
the continuous decrease in weight observed.

The X-ray diffraction patterns and the scanning electron microscopy observations
indicate that the degree of crystallinity as well as the average size of the particles
increase as the pyrolysis temperature increases. In contrast, it has been found that the
measured specific surface area and the average bulk density of the products decrease
as the pyrolysis temperature increases.

3. Aerosolization of 23 wt % ferric nitrate solution:

A 23 % by weight iron nitrate aqueous solution was used to conduct this part of
investigation. The operating conditions were identical to those used for nickel nitrate
study.

The TGA curves, Fig. 6, for aerosol products obtained at a heating rate of 5 Kmin-i
in stagnant air show the same behavior obtained for nickel nitrate. The X-ray
diffraction patterns, Fig. 7 indicates that the aerosol products collected at and below
933 K are non-crystalline. On the other hand, the powder obtained by pyrolysis at 1083
K exhibit the peaks for hematite Fe2O3. The efficiency of the decomposition has the
values of 79 % at 723 K, 83 % at 753 K, 93 % at 843 K, 94 % at 933 K and 95 % at
1013 K.

SEM examinations, Fig, 8, reveal also that the aerosolization product obtained at 933
K consists also of hollow spheres with wide range of particle size distribution The
SEM for the aerosolization products at 753 and 1083 K show also the same trend as
that at 933 K.
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CONCLUSIONS

Depending on the experimental results, the following conclusions can be
drawn:
l.The aerosolization products of nickel nitrate hexahydrate and ferric nitrate
nonahydrate consist of hollow spheres and vary from non-crystalline to
crystalline materials depending on the pyrolysis temperature of the aerosol.
2. Increasing the pyrolysis temperature of the nickel nitrate and ferric nitrate
aerosols is accompanied by an increase in the decomposition efficiency, the
average particle size of the resulting powder and hence the particle size
distribution is shifted towards higher sizes giving higher average particle size.
3. High sinterability is achieved with low pyrolysis temperatures which is due to
the smaller particle size

involved, higher surface area, and hence a higher

activity of the powder.
4. The specific surface area and the average bulk density of the products decrease
as the pyrolysis temperature increases.
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Surface Characteristics of Titania and Silica Powder
Used in Nuclear Technology
T. Khalil, B. El-Gammal and F. H. Abou El-Nour
Hot labs center, Atomic Energy Authority, Cairo, Egypt

Abstract

Unagglomerated very fine T1O2 and SiO2 powders were prepared by two
different methods namely sol-gel and hydrolysis processes using metal alkoxides as
precursors. The preparation conditions of TiO2 and Si(>2 using these techniques were
improved and optimized, to produce powders of controlled morphology size and size
distribution. The produced powders were calcined through thermal treatment at 800°C
for 3hours. Surface characteristics such as surface area, pore size and pore volume of
the received powders were measured after and before calcination using the BET
method. Morphology of the produced powder were examined using scanning electron
microscope (SEM). The behaviour of the TiC>2 and SiC>2 powder were studied using
differential thermal analysis (DTA) and thermogravimetry (TG). These studies lead to
more informations about phase changes and the way by which alcohol, water and
ammonia are released for these two types of powders. Due to difference in preparation
conditions phase transformations and building temperature for every phase were
investigated using X-ray diffraction (XRD).
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INTRODUCTION
Recently, there has been a surge of research activities in low temperature
sintering of ceramic materials . Since titania and silica represent important oxides
applicable in many fields, specially industrial, biological and nuclear technology, much
attention has been focused on the study of these characteristics (1).
Silica is known in various polymorphic modifications. Their mutual inversions involve
changes in volume, which may have unfavorable effects on the processing properties
and on the characteristics of the end products (2). The sequence of the polymorphic
inversions and specifications of these forms are shown in Table 1.
Tab. 1: Specifications of Polymorphic SiO2 Forms
Modification

P-quartz
a-quartz
y-tridymite
(3-tridymite
a-tridymite
P-cristobalite
oc-cristobalite

Crystal system

Density
(g/cm 3 )

-Transform

2.65
2.53
2.26
—
2.22
2.32
2.20

p-quartz
a-quartz
y-tridymite
p-tridymite
a-tridymite
p-cristobalite
a-cristobalite

trigonal
hexagonal
orthorhombic
hexagonal
hexagonal
tetragonal
cubic

ation

Volume
change
(%)

0 . 8 2 - 1.3
14.4- 16
15.4- 17.4
0.4-0.5
2.0-2.8

—
—

On the other hand, titanium - oxygen system has several oxides forms. The
most stable oxide in this system is titanium dioxide (3). It is found in nature in the form
of anatase, Brookite and rutile crystal structure (4). Specifications of the polymorphic
forms of titania are shown in Table 2.
Table 2: Specifications of TiO2 Crystal Forms.
Modification
Anatase
Brookite
Rutile

Crystal
system
Tetragonal
Orthorhombic
Tetragonal

Density
g/m3
3.84
4.07
4.24

-Transform
ation
Anatase — >
Brookite—>
Rutile

Temperature
°C
800
800
1040

One of the major problems in the processing of TiO2 and SiO2 is due to the fact that
high performance titania and silica powders of special properties and functions are not
usually produced with a high reproducibility. To achieve a high reliability and
-reproducibility, the prepared powders must be very fine, homogeneous, unagglo
merated, uniform and moreover the microstructure during sintering should be contro-
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lied . So far some chemical wet precipitation and coprecipitations techniques (5) have
been used for the synthesis of homogeneous very fine metal oxide powders.
However, agglomerated particles were often formed in this very fine size range
due to Van der Waal attraction force. As a result, when these agglomerated units build
up a green compact body, in which a wide variation in powder specifications is
introduced into this body, this will produce a material with bad sintered end product
(6). Processing of titania and silica powders, with controlled characteristics through a
developed chemical wet preparation methods (sol - gel method), received a great deal
of attention (7).
In the sol-gel processing very small colloidal particles are formed in a solution
(sol). In the present concentrated sol the small particles link together in chains forming
3 dimension network (gel) (8). There are two important sol-gel processor, namely the
alkoxide (9-10) and the colloidal (10-13) . In sol - gel technique, three main stages
takes place, hydrolysation, polymerization, and polycondensation. On the other hand a
simple hydrolysis for metal alkoxides at controlled preparation conditions such as pH,
sequence of the addition of reactants and using of acid or base catalyst will help to
improve the specifications of produced powder.
In this study titania and silica powders were prepared by sol-gel method to be
used in nuclear technology. Physico-chemical characteristics of the produced powders
using different analytical techniques, such as X-ray diffraction, DTA-TG, scanning
electron microscope and BET surface characteristics methods were performed.
EXPERIMENTAL TECHNIQE
1. Synthesis of Titania and Silica Powders
1.1. Preparation of titania gel
TiO2 powder was prepared by controlled hydrolysis of titanium tetra
isopropoxide, Ti(OC3H7)4, or titanium tetra ethoxide Ti(OC2H5)4. For a given synthesis
experiment, an alkoxide was dissolved in the appropriate alcohol [Ti(OC3H7)4 in
C3H7OH and Ti(OC2H5)4 in C2H5OH]. Water alcohol and ammonia were dissolved as a
separate mixture. The two mixtures were mixed using a magnetic stirrer giving a
solution of 0.1 to 0.2 mole alkoxide and 0.3 to 1.5 mole H2O. The molar ratio of
water to alkoxide must be > 3. The optimization of the preparation conditions was
carried out. The formation of amorphous, white, hydrated TiO2 occurred in about 90
seconds at room temperature. The formed sol was centrifuged to get rid of the residual
alcohol and water. The formed gel powder was repeatedly washed with bidistilled
water and then ultrasonically dispersed in slightly basic aqueous solution of pH value
10. The powders were then stepwisely dried between 60-120 °C for 24 hours. The solgel process flow sheet for the preparation of TiO2 Powders is shown in Fig. (1).
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Isopropyl orthotitanate + C3H7OH

Hydrolysis (sol formation)
90 min. at room temperature

Mixing with magnetic
stirrer

Centrifugal settling of
the dispertion sol (Gelation)

Washing with bidist. H2O
(pH=10)

Drying 60, 80, 100
& 120C-24 hours

Calcination

Sintering

Fig. 1: Sol-gel process flow sheet for the preparation of TiO2 Powder.
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TEOS +C2H5OH

Hydrolysis (sol formation)
90 min. at room temperature

Mixing with magnetic
stirrer

Centrifugal settling of
the dispertion sol (Gelation)

Washing with bidist. H2O
(pH-10)

Drying 60, 80, 100
& 120C-24 hours

Calcination

Sintering

Fig. 2 Sol-gel process flow sheet for the preparation of SiC>2 Powder.
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1.2 Preparation of Silica Gel.
Silicon alkoxides are, in general, immiscible with H2O. The hydrolysis process
of tetra methyl ortho silicate (TMOS) Si(OC3H7)4 or tetra ethyl ortho silicate (TEOS)
Si(OC2Hs)4 for the formation of a very fine, unagglomerated SiO2 powder is, therefor,
carried out by using methanol or ethanol as a mutual solvent for the tow immiscible
liquids. The amount of water introduced for the hydrolysis of TMOS or TEOS must be
much larger than the theoretical amount (11) as shown in the following equation:
n Si (OR)4 + 4n H2O

Si (OH)4 + n ROH
Where, R is CH3 or C2H5

Experimentally 4 to 20 mole of water containing base catalyst (usually NH4OH) is
introduced per mole of TMOS or TEOS to give very fine homogeneous SiO2 particles.
The sol - gel process for the preparation of SiO2 powders is shown in Fig. 2.
RESULTS AND DISCUSSION
1. Physico-Chemical Characteristics of Titania and Silica Synthesized Powders:
1.1. l.Micromorphology of the produced powders:
Scanning electron micrographs of the produced gels derived titania and silica
powders are shown in Fig. 3(a-b).

Fig. 3 : Scanning Electron Micrograph of
a) Titania gel
b) Silica gel
The particles in both figures have a spheroidal diameter range among 50 to 200 nm in
size. The gel derived SiO2 powder was more spherical than the gel derived TiO2
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powder. On the other hand the titania particle was more agglomerated than the silica
particles.
The two types of SiO2 and TiO2 gel having particles with a very narrow size and
homogeneous size distribution.
1.2. DTA/TGA and X- Ray Diffraction of the Titania Produced Powders:
Fig. 4 shows DTA-TGA curves of the dried titania gel. In the DTA curve, two
exothermic peaks are observed in the temperature range 200 to 450 °C the first peak at
250 C corresponds to burning of the rest of the organic material present in titania gel.
The second peak at about 380 °C is attributed to building of anatase crystal structure.
The weight loss of titania gel is of about 4.5% as shown by TGA curves.
Table 3 illustrates the phase transformation temperature and the building temperature
of different phases of the synthesized gel derived TiO2 powders using DTA and X-ray
diffraction techniques. The produced powders were isothermally treated at every
temperature, then examined by X-ray diffraction technique as shown in Table 4.
0
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TGA

j exoth.

20-

DTA

| end<

^
i

0
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1

_

_

r~—r~—r""—i

800

1000

1200

_
1—"-1—^

1400

Fig. 4: DTA-TGA curves of titania gel prepared by sol-gel method
Table 3: Building and transformation temperature of the gel derived TiO2 powders.

X-Ray Diffraction
after drying
330 °C
450 °C
480 °C

DTA
38O°C

The present Phases
Amorphous
Anatase
Rutile
Suboxide

Table 4 shows the intensity of different phases of titania gel after thermal treatment at
temperature between 200 °C to 1000 °C.
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Table 4: Intensity of the present phases in titania gel
Temp.
A(101)
S(104)
Time
°C
—
200
v.weak
—
v.weak
300
medium
300
1 h.
strong
400
1 h.
480
1 h.
strong
—
v.strong
weak
550
weak
v. strong
550
1 h.
—
strong
medium
800
strong
800
2h.
—
medium
900
2h.
900
—
1000
1000
2 h.
Where A, S and R represent anatase, suboxides and

S(110)

weak
weak
medium
v.weak

S(012)

v.weak
v.weak
v.weak
v.weak

R(110)

v.weak
medium
strong
strong
strong
v. strong
v. strong
v. strong
v. strong

rutile phases respectively

1.3. DTA/TGA and X- Ray Diffraction of the Silica Produced Powders:
DTA and TGA curves of silica gel prepared from TEOS is shown in Fig. 5.
DTA curves show thermal effects at about 100°C (endothermic peak ) and 200 °C
( exothermic peak) and 420 CC (exothermic peak ). The first endothermic peak is due
to heat needed to evaporate the water adhering to the micro pores of the gel. The
second two the exothermic peaks are attributed to burning of rest organic compounds
in the gel at two steps. Phase transformation and building temperature of the silica gel
were studied using X-ray diffraction methods. Fig. 6 shows the X-ray diffraction of the
silica powder between 100 °C and 1400 °C.

200

400

600

800

1000 1200 1400
T

Fig. 5: DTA-TGA curves of silica gel prepared by sol-gel method

1400

1300 2h

1300

1200 2h

1 10
T

35

30

25

20

Fig. 6: X-ray diffraction of the silica gel prepared from TEOS using sol-gel method.
1.4. Surface Characteristics of Titania and Silica Gel derived TiO2 and SiO2 Powder.
Among the powder properties affecting the sintering process, the pore size
distribution is very important factor. All the problems that arise during the densifiction
of the powder are closely related to the pore size within the gel derived powder. The
pore size distribution varies widely depending on the conditions of gel formation. In
general, gels with low bulk densities contain large pores. This is shown in table 7. Fig.
7 shows pore size distribution determined from nitrogen adsorption on silica and titania
gel powder prepared by TEOS and iso propylorthotitanate as precursors respectively.
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Table 7: Bulk densitis and max. Pore size of titania and silica prepared by soi-gel
method.
Bulk density
g/cm3
1.59
0.69

Sol-gel powder
titania
silica
r

0.15

£0.10

Max. Pore size
A
<70
-150

o . titania
o: silica

f
—

)LUKE

u

UJ Q.05

ee
o
a.

i

\

\
-o-o

0

1
100
150
50
PORE DIAMETER ( A )

200

Fig. 7: Pore size distribution of titania and silica gel.
As shown in this table titania gels have a bulk density of 1.59 g/cm3 and
contains no pores exceeding 70A° in diameter, whereas silica gels have a bulk density
of 0.69 g/cm3 and contain pores as large as 150 A0 diameter. It should be noted that
the gels shown in Fig.7 contain a considerable number of small pores below 20 A0
diameter regardless of the number of large pores, suggesting that the pores in their gels
have many small necks. This clear that, also many pores in these gels have a large size,
they apparently are connected by fairly small passage ways. The presence of the necks
in the pores which hinder the escape of water generated by dehydration condensation
of alcoholic groups.
The average pore diameter (D) of a material can be determined through
specific surface area, bulk density and true density of this material by the following

equations:
= 4/sp(l/dB-l/dT)(3)D'=6/sp(l/dB-l/dT)Where D and D' are the average pore diameters for the cylindrical and large spherical
pores respectively, dT is the true density, dB is the bulk density and sp is the specific
surface area of the material. It was observed that the surface area of the alkoxy
derived silica gels dried and atmospheric pressure varies from 30 to 900 m2g (14-15)
again depending on preparation conditions, while the surface area of aerogels is often
as high as 1600 m2/g (16-17).

16

In general gels with lower bulk densities have larger specific surface areas. On
the other hand, the true density of the alkoxy derived silica gel is about 2.05 g/cm3 and
is nearly independent of the conditions gel formation (13). The results for the
estimation of the pore diameter using equations 2 and 3 are shown in Table 8.

Table 8: Surface area, bulk densities and pore diameter for different gel prepared by
different preparations methods
Powder no.

Surface area
560
780
880
870
520
1080
1590

1
2
3
4
5
6
7

Bulk density
g/cm3
1.46
1.13
1.02
0.98
0.15
0.05
0.03

Average po re diameter
14
20
22
25
475
722
826

21
30
33
38
712
1084
1239

The effect of temperature on the surface area measurements of titania and silica are
shown in Figs. 8 and 9 respectively.
1OOO

\
800

600

\
400

\

200

20C

400

600

Fig. 8: Effect of temperature on the surface area of the titania powder prepared by solgel method.
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100

200

300

<WX> SO0

BOO

700

TEMPERATURE »C

9: Effect of temperature on the surface area of the silica powder prepared by solgel method.
As we see from these 2 curves, the surface area initially increases with
temperature. Her found a similar behaviour for sol-gel powders and he defines this
initial heat treatment of a gel, up to certain temperature about 300 C in case of silica
and about 400 C with titania gel, as an activation stage (18,19) and the temperature of
maximum surface area as the activated temperature. This temperature corresponds to
the temperature at which physically adsorbed water and residual organic are removed
uncovering all accessible surface area and also opening up of the physical structure of
the particles, so that the gel surface structure approaches that of porous, hydrated
materials. Surface area decrease after thermal treatment at higher temperature
corresponds to rapid increase in density in addition to that the ultimate particles sinter
together reducing the surface area.
Surface area measurements shown in this figures reflect the activity of the gel
powders. The surface area increased to a value of more than 1000 m2/g in case of
titania and more than 600 m2/g with silica gel derived SiO2 powders.
Experimental studies such as morphology, DTA-TG analysis, X- ray diffraction
and surface characteristics of titania and silica gels produced by different types of
alkoxides, with sol-gel method show a very high reactivity, finity and homogenity of
the synthesized silica and titania powders. These specifications of the resultant sol-gel
powders reduce the sintering temperature of the ceramic end product and make it
suitable for use in nuclear technology.
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ION EXCHANGE STUDIES OF U(VI) FROM
ARSENAZO-III AQUEOUS SOLUTIONS USING
AG-2X8, DOWEX-50WX8 AND CHELEX-iOO

F.H.EL-SWEIFY and N.A.TADROS

Nuclear Chemistry Department, Hot Laboratories Centre, Atomic Energy
Authority, Post Code 13759, Cairo, Egypt

ABSTRACT

The distribution of U(VI) between the anion exchanger AG-2X8, the cation
exchanger Dowex-50WX8 and the chelating resin Chelex-100 and aqueous solutions of Arsenazo-III at different pH values was studied. The concentration of
Arsenazo-III was in the range of 1.53 x 10~4 — 1.23 x 10~3M. Equilibrium pH
was varied from 1.0 to 8.78, while U(VI) original concentration was held constant
at 3.39 x 10~4M. The effect of Arsenazo-III concentration and the variation of
hydrogen ion concentration on U(VI) species formed in solution, as well as the
sorbed species was discussed. Use was made of IR spectroscopy to investigate the
sorption behviour. The sorption of some interfering ions such as Th(IV), Zr(IV),
and Ce(III) on the resins used at optimum conditions for the sorption of U(VI)
was also investigated.

INTRODUCTION

Arsenazo-III [ 2,2'-(l,8-dihydroxy-3,6 disulphonaphthalene 2,7-bisazo) bisbenzene arsonic acid, HsA ]

OH

AsO3H2

H2O3As

OH

N===N

HO3S

SO3H

is one of the most often used azo-dyes in spectrophotometry, especially for determination of actinide and lanthanide ions.
Arsenazo-III has been used as a colouring agent in ion exchange phase absorptiometric measurements for the determination of trace elements in large volume
samples, where the sensitivity of the method is increased a hundred times more than
in the aqueous phase.
The reagent gives a 1:1 coloured complex with u r a n i u m ( V I ) which is used
for spectrophotometric determination of uranium* 1 " 3 ). Either slightly acidic (pH
2-3) or strongly acidic media (5-6M HNO3, HC1 or HC104) can be used. In the
latter case a considerable excess of Arsenazo-III is needed. Methods based on the
reaction of uranium(VI) with Arsenazo-III are convenient in that they eliminate
the reduction step necessary in determination methods based on U(IV)* 4 ).
Arsenazo-III has been used to determine u r a n i u m ( V I ) in thorium dioxide*5),
natural water*6) and in technological water*7). Determination of small amounts of
uranium(VI) in the presence of large quantities of U ( I V ) has also been carried
out using Arsenazo-III* 8 ). Masking agents have been used to eliminate interferences from other elements*9). The reagent has also been used for u r a n i u m ( V I )
determination after its separation from interfering elements*10"16).

Second derivative spectrophotometry has been applied recently for simultanious
determination of uranium and thorium*17*. Recently, uranium has been determined
by ion exchanger phase absorptiometry using Arsenazo-I^18^ or Arsenazo-III^ 19
as a colouring agent.
In the present study, three different types of ion exchangers were used for studying U(VI) species formed in solutions of Arsenazo-III of different concentrations
and pH values, as well as species absorbed on different resins. The possibility of
using these resins for concentrating U(VI) as the coloured Arsenazo-III complex
was evaluated. IR spectroscopy of the resin phase was used to investigate the sorbed
species. The sorption of some interfering ions was also investigated at the optimum
conditions for U(VI) absorption.

EXPERIMENTAL

Materials:
All reagents used were of analytical quality. All resins were of mesh number (50100). Chelex-100 sodium form and anion exchanger AG-2X8 chloride form were
products of Bio-Rad laboratory. The cation exchanger Dowex-50WX8 hydrogen
form was a product of Serva.

Arsenazo-III (M.W. 776.37) was supplied from

the Aldrich Chemical Company. The Gamma-radiations from
and

141

235

U,

234

Th,

95

Zr

Ce, of energies 185.7, 92.6, 756.7 and 145.4 KeV, respectively, were used

for tracing the corresponding elements and were assayed 7-spectrophotometrically
using a pure Ge-detector connected to a 8192 multichannel analyzer.
A Shimadzu-UV-120-02 Spectrophotometer was used for analysing ArsenazoIII solutions. IR analysis was carried out using a Perkin Elmer FT-IR spectrophotometer.

Procedure:
Before use, Chelex-100 and Dowex-50WX8 were converted to NHj form by
conventional methods. The sorbability of U(VI) or the other studied ions from
Arsenazo-III solutions of different concentrations at different pH values was carried out using batch experiments. A water thermostat shaker with high shaking
velocity was used. 0.05g of the resin was equilibrated with 5ml of the ArsenazoIII solution containing uranium or the desired ions by mechanical shaking at 30°C
for 48 hours. Aliquotes of the solution before and after the equilibrium were taken
and the activity of the solutions was assayed radiometrically.
The percent uptake of the sorbed ions was determined according to :
% _ _£JI—

x

100

where,

Ao = activity of the solution before contacting with the resin.
A = activity of the solution after equilibration.

RESULTS AND DISCUSSION

I- Ion Exchange Studies:
The effect of pH on the percentage uptake of U(VI) on Dowex-50WX8,
AG-2X8 and Chelex-100 was studied from solutions of Arsenazo-III of different
concentrations, corresponding to metal to reagent (M:R) ratios of 1:0.45, 1:0.91,
1:1.81 and 1:3.62 (i.e. solutions either contain an excess of metal or an excess of
reagent).

The change in the pH of the aqueous phase was expected to affect the hydrolytic
species of UO^ 2 , the dissociation of the different analytical groups of Arsenazo-III
and the exchange behaviour of Chelex-100.
In the absence of complexing agents and within the investigated p H range,
the most predominant U(VI) species present in solution up to pH 5.5 are UOj 2 ,
whereas at pH 5.5-7.5, U020H + is the most predominant species*20*.
Arsenazo-III dissociates stepwise as a function of pH. Its dissociation and
protonation constants have been determined, but the values reported differ slightly,
apparently owing to differing purity of the reagent*21 ~23). According to Nemcova et
al.*23) the following acid-base equilibria were determined :
pK li2 =1.3
H8A

pK 3 =2.60
H6A2~ ^======55

H5A3" ^ = = = = r f

-SO3H -*

-AsO3H2 ->

-AsO3H2 -»

SO3

-AsO3H-

-AsO3H-

3&=====55

pK 5 =6.70

pK 6 =8.79

-AsO3H~ -^ -AsO 2 "

-AsO 3 H" -^ -AsO 2 "

pK 7 =10.58

H

A6-

pK 4 =4.29

:

H4A4-

pK 8 =10.99
-Sfc

group OH" -> -O~

r^_

14A7-

A 8-

OH -> O"

In the presence of metal ions the previous equilibria may differ considerably.
The following equilibrium for Chelex-100 was reported at different pH values
of the aqueous medium*24^:

CHaCOOH
NH+NOJ

pH

CHjCOOH
<|>-CH2 — NH+

CHjCOO"
(JvCHa—NH+

CH 2 COO(j>CH 2 —IS

CHaCOOH

CHjCOO"

CHaCOO-

CH 2 COO-

3.21

3 . 9 9 —:—•—»»

7.41 —

12.30

jaw

-^

This equilibrium sequence shows the exchange properties of the resin.
The absorbability of U(VI) from the studied media is represented in Figs.(l4). It can be observed that at low pH values, the percentage uptake of U(VI)
on Dowex-50WX8 is high at all metalrreagent ratios, indicating that either the
predominant species in solution under these conditions are uranyl ions or that the
complexes dissociate at this pH in the presence of the resin. The uptake by this
resin decreases sharply with increase of p H , especially in the case of an excess
reagentrmetal ratio. This sharp decrease of absorption could be attributed to the
formation of either neutral complexes or complexes with an overall negative charge.
Complexes of uraium with Arsenazo-III have been studied in strong acidic and
in slightly acidic media*25). U(VI)-Arsenazo-III complexes were found to have
the emperical formula MR*25). According to Savvin*26), two possible structures of
complexes of uranyl ions with the analytical groups of Arsenazo-III were assumed
as follows :

Complex formation occurs with one half of the reagent molecule, with simultaneous conversion of the other half of the reagent molecule from the azoid to the
quinonehydrazonium form*27).
In the case of AG-2X8, the percentage uptake increases with p H value and with
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Arsenazo-III concentration. At high pH values (>6.5) nearly complete uptake
of U(VI) was observed, even from solutions with excess metalrreagent ratios,
indicating the presence of negatively charged complexes.
The absorption of U(VI) on Chelex-100 shows complicated behaviour. At pH
around 3.5 there is generally a maximum, the value of which decreases slightly with
increase of Arsenazo-III concentration. However, as the pH value increases, the
absorbability decreases, except in case of a metalireagent ratio of 1:0.45. This decrease in the absorbability may be attributed to competition between the complexing
>
ability of Arsenazo-III and the functional groups (iminodiacetic acid) on the resin.
In previous work, such competition was also observed between the functional groups
on the resin and ligands of organic acids in solution^28). The absorption of U(VI)
on Chelex-100 was found to be accompanied by strong coloration of the resin, as
could be seen from Table(l) indicating the absorption of some U( VI)-Arsenazo-III
complexes.
The colouration of Chelex-100 could be attributed to some adduct chelate of
UO2+ with both Arsenazo-III and iminodiacetic acid groups on the resin. This
colouration could not be attributed to absorption of Arsenazo-III only, since it was
found from previous work*29* on the absorption of Arsenazo-III on AG-2X8 and
on Chelex-100 that, while the acidity of the medium has no effect on the complete
absorption of Arsenazo-III on AG-2X8, the absorption on Chelex-100 is strongly
affected by the acidity of the medium. Complete absorption of Arsenazo-III was
found from strongly acidic solutions, where the resin acts as an anion exchanger. As
the acidity decreases, the absorption decreased to reach a negligible value at pH 2.
At a low pH of 1.5 and at a high R:M concentration ratio, the U(VI)-ArsenazoIII complex is highly absorbed on Chelex-100 (Fig. 4). This absorption may be
attributed to the anion exchange properties of Chelex-100 at this pH.
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Table(l) : Variation of Percentage Uptake of U(VI), as well as Resin and Solution
Colour as a Function of Equilibrium pH and U(VI):Arsenazo-III Ratio

(M:R)

Dowex-50WXS

AG-2X8

Ratio

Colour

%

pH«,

Uptake

pH«,

Chelex-100

Colour

%

Resin

Solution

1.55

71.57

original

greenish blue

faint bSue

2-50

72.31

very faint blue

4.74

47.59

6.58

7.76

i.e.

dark blue

faint

ft

yellow

n

Solution

26.32

black

coiourieaa

2.28

24.61

»

3.35

48.62

5.74

95.65

colourless

94.46

-

Colour

%

Uptake

Resin J

Uptake

Reain

Solution

LOO

13.07

faint blue

blue

resin

1.80

25.00

colour

2.97

66.39

coioulesB

violet

3.25

67.45

very pale blade

violet

3.31

67.96

n

•

7.10

85.08

white

blue

8.06

88.01

••

*

i

1.34

1:0.45

6.68
t

8.09

1:3.6

8.09

99.33

1.53

89.21

2.11

82.37

3.39

92.55

4.07

98.91

5.34

96.13

7.03

98.99

7.89

98.85

7.02

black

-

-

0.0
0.0

v. faint blue

1.55

76.62

n

2.43

7.4

2.83
colourless

violet blue

v.deep red

1.53

87.55

dark wine red

red

deep violet

2.39

26.46

black

dark violet blue

0.0

n

2.95

39.00

fl

dark violet

7.02

0.0

n

3.38

47.48

tf

-

7.92

0.0

-

3.72

37.99

v.dark violet

3.98

26.20

violet

7.64

9.94

white

»

-

dark violet blue

The sorption of the interferants Th(IV), Zr(IV) and Ce(III) was carried out
from Arsenazo-III solutions of M:R ratio 1:3.6 at pH 1.5 on Chelex-100 and
at pH 6.5 on AG-2X8, i.e. at the optimum conditions for U(VI)-sorption, in
the absence and presence of 10~2M EDTA. The obtained results are tabulated in
Table(2).

Table(2) : Percentage Uptake of the Th(IV), Zr(IV) and Ce(III) by
Chelex-100 and AG-2X8 from Solutions of Arsenazo-III.
% Uptake
Condition

M:R=1:3.6

Chelex-100

AG-2X8

(PH 1-5)

(pH 6.5)

Th(IV)

Zr(IV)

Ce(III)

Th(IV)

Zr(IV)

Ce(III)

66.43

58.02

no

19.83

19.60

27

adsorption
M:R=1:3.6
+10"2M EDTA

64.90

no

no

adsorption

adsorption

54.20

II- IR Studies :
To have more information about the nature of the coloured U(VI)-ArsenazoIII species absorbed on the resins, especially on Chelex-100, an IR study of the
resin phase was carried out. The IR Spectra are shown in Figures (5-7). In spite
of the clear chemical masking of the resin, there still are some changes in the IR
bands when the resins are loaded with Arsenazo-III or with U(VI)-ArsenazoIII complexes. In Fig.(5), the IR spectra of Chelex-100 (curve a) together with
different spectra for Chelex-100 loaded with Arsenazo-III (curve b) and with
uranium-Arsenazo-III complexes from solutions of different metal to dye concentration ratios at pH 3.5 (curves c-f) and at pH 1 (curve g). From solutions
of pH 3.5 Arsenazo-III is not absorbed on Chelex-100 as mentioned previously.
Therefore, the change in the IR spectra is mainly related to the sorption of U(VI)-
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Fig. 5. I.R.Spectra of : a) Chrlex-100, b) CheIex-100 loaded
with arsenazo-lH at pH 1
c-g)

CheIex-100
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equilibration

with

U(VI)-

arscnazo-in solutions at pH 3.5 and different M : R
concentration ratio : c) 1:0.45, d) 1:0.9, e) 1:1.8,
0 1:3.6 and g) 1:3.6 at pH I
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Fig. 6. I. R. Spectra of : a) AG-2X8 ; a) AG-2X8- _b) AG-2X8
loaded with arsenazo-EQ ;
c -f ) AG-2X8 after equilibration with solutions of
U(VI)-arsenazo-III solutions at pH 6.5 and different
M : R concentration ratio : c) 1:0.45; d) 1:0 9,
e) 1:1.8, 0 1:3.6 .
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Fig. 7. I. R. Spectra for solid samples of : a) arsenazo-III;
and b) U(VI) arsenazo-IU complex formed in slightly
acidic solution with M:R concentration ratio 1:1.8.
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Arsenazo-III complex. This is evident from the appearance of the peak at 2362
cm"1, the intensity of which increases on increasing the amount of Arsenazo-III in
solution. As could be observed from Fig.(6), the same peak appears when the resin
phase is AG-2X8. This peak was also observed as a weak peak in the spectra of
solid materials of Arsenazo-III and aresnazo-III-U(VI) complex (Fig. 7). From
Fig.(5), it is also observed that the band at 1648 cm"1 has a shoulder at higher wave
number in case of Chelex-100. By partial loading with uranium in the presence of
small amounts of Arsenazo-III, the shoulder was diminished with the formation
of" one sharp band (Fig. 5 c,d). Based on this observation, it can be assumed that
the carboxylic groups of Chelex-100 are ionised.
Using higher concentrations of Arsenazo-III together with U(VI) the shoulder
of the band was obtained (Fig. 5 e,f) which may indicate that in the presence of
increased amounts of Arsenazo-III, some coordination between U(VI) and one
carboxylic group of the resin may occur beside the coordination with ArsenazoIII. At the same time, the negatively charged sites of Arsenazo-III may be bounded
to the nitrogen of the iminodicarboxylic acid group of the resin. The appearance
of the two peaks at 1648 and 1735 cm"1 (Fig. 5 f,g) indicates the deionization of
the carboxylic groups, and therefore the sorption of U(VI) Arsenazo-III under
these conditions (pH=l and M:R = 1:3.6) is mainely due to association with -NH+
group on the resin. The bands which appear around 3854 and 3748 cm"1 (Figs. 5,6)
may be attributed to the vibration of N-H bond in the quinonehydrazonium form
of Arsenazo-III. The intensity of these bands increases with the increase of the
Arsenazo-III concentration.
It can be concluded that the sorption behaviour of U(VI) on the anion exchanger AG-2X8, the cation exchanger Dowex-50WX8 and Chelex-100 from
solutions of Arsenazo-III depends on the concentration of Arsenazo-III and the
hydrogen ion concentration. Thus, in solutions of excess concentration of ArsenazoIII and at pH>2.5, U(VI) is present mainly as a stable negatively charged complex
with Arsenazo-III which could be predicted from the complete uptake by the anion

IT

exchanger, and at the same time non-absorption on Dowex-50WX8. At lower pH
values <2.5, this complex is not stable and tends to dissociate especially in contact
with the cation exchanger. This could be predicted from the high uptake of U(VI)
by Dowex-50WX8 at pH values <2. In contact with the anion exchanger, the
dissociation equilibrium may be displaced towards formation of the complex, and
consequently uptake by AG-2X8 is possible and increased on increasing ArsenazoIII concentration. Generally, quantitative concentration of U(VI) on AG-2X8 in
the form of the Arsenazo-III coloured complex which is important for ion exchanger phase absorptiometry could be carried out from solutions at pH>3 and
concentration ratios of R:M >2.
On the other hand, the sorption behaviour of U(VI) on Chelex-100 from
Arsenazo-III solutions is complicated, which may mainly be attributed to the
presence of resin functional groups, i.e., iminodiacetic acid which have different ion
exchange properties depending on the hydrogen ion concentration of the medium.
Thus, at a low pH values ~1 and in the presence of excess Arsenazo-III, the
percentage uptake of U(VI)-Arsenazo-III complex by Chelex-100 is high. By
decreasing the Arsenazo-III concentration or increasing the pH value, the percentage uptake decreases. The appearance of a maximum around pH 3.5 in the
absorption curve together with the colouration of the resin may be attributed to
formation of an adduct chelate of U(VI) with Arsenazo-III and one carboxylic
group of the iminodiacetic acid, which is confirmed from the IR spectra of the resin
phase under different conditions.
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ABSTRACT
Distribution coefficients of some transition and other metal ions including
Fe 2+ ,Co 2+ , Ni 2+ , Zn2+, Ag + , Pd 2+ , Cd 2+ and ln 3 + (3x1 ( H M for each ) on
charcoal impregnated with tin (IV) oxide from HNO3 solutions have been
radiometrically investigated by the batch equilibration method at 18+1°C.
Except for Fe 2+ , Ag + and Pd 2+ , cation exchange predominates in acid
solutions of 10"3 to 0.1 M HNO3 according to the following selectivity series:
Co 2+ < Ni 2+ <Zn 2+ <Cd 2+ < ln 3+ and molecular adsorption becomes the most probable mechanism in acid
solutions of > 0.1 to 1 M HNO3 and follows the pattern :
Zn 2+ < Ni 2+ < Co 2+ <Cd2+< ln 3 +
One or more complex formation mechanism may be involved in the
retention of Fe 2+ , Ag + and Pd 2+ on the surface of the adsorbent, in the same
order, over the all investigated acid concentration range (10"3 - 1M HNO3).
Based on the different patterns of selectivity, mutual separations of special
importance have been explored on small columns of the adsorbent.
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INTRODUCTION
Hydrous oxides of the quadrivalent elements; SiO2, MnO2, TiO 2 , ZrO 2 and
SnO2, have attracted considerable attention because of their sorption
selectivity for different metal ions in solutions, chemical stability and high
temperature and radiation dose resistance C1"4). Compared to SnO2,
charcoal impregnated with tin (IV) oxide is a highly crystalline inorganic ion
exchanger and has a higher acidic strength. In addition, it can be prepared in
particles size suitable for column operations^"8) . Although, this material
shows high sorption selectivity for alkali and alkaline earth metal ions, little is
known about its basic characteristics and sorption properties (8). In this
paper, the sorption behaviour and chromatographic separation of some ions
of the first and the second row transition metals in HNO3 acid solutions on
charcoal impregnated with tin(IV) oxide are investigated.

EXPERIMENTAL

Chemicals and reagents were of AR grade.
The charcoal impregnated with tin(IV) oxide, C/tin(IV) oxide, used in this
work was prepared by treatment of charcoal impregnated with tin(IV) chloride
with concentrated HNO3 as previously described(8).
Radioactive tracers :
Tracer solutions of H0niAg+ (253 d), H5m,H5cd2+ (43 d, 2.3 d),

60

Co 2 +

(5.27y), 59pe2+ (45 d), 114m|n3+ (50 d), 103,109Pc|2+ (16 d,13.6 h ), 65,69mZn2+
(245d,13.8h) and 6 5 Ni 2 + (2.56h) nitrates were used.
Distribution coefficients:
Weight distribution coefficient (Kd ml / g) values were determined by the
batch equilibration method at 18+1°C. Mixtures of 0.1 g amounts of the
exchanger (50 - 100 mesh size ) and 10 ml of nitric acid solutions containing
the tracer ions at a concentration of 3x10~4 M were shaken overnight to attain
the equilibrium. The count rates of the tracer ions were determined in 1ml of
the equilibrating solutions (Ae) and the standard solution (As). The K<j values
were calculated from the formula :
Kd = ((A s -Ae) /Ae ) x (V/m)

ml/g

where V is the volume of the equilibrating solution (ml) and m is the mass of

the ion exchanger (g).
Column experiments :
Chromatographic studies were performed using glass columns of 0.48 cm
i.d. fitted with a quartz wool plug. The column was packed with 1g of the dry
exchanger (50 -100 mesh size ) in 10 ml HNO3 solution of identical
concentration to the loading solution . Equal volumes of the effluents were
collected for radiometric analysis.
Radiometric analysis :
Routine counting rates of the total y- activity (of simple tracer isotopes )
were determined by use of a Nal (Tl) scintillation counter. Counting rates of
isobar radionuclides were determined after the parent / daughter radioactive
equilibrium was established. On the otherhand, radionuclide identification
and measurements were carried out with a Multichannel Analyzer coupled
with a high purity germanium coaxial detector.

RESULTS AND DISCUSSION

Sorption affinity :
Distribution coefficient (Kd ml/g ) values of some transition and other metal
ions including : Fe 2+ , Co 2+ , Ni 2+ , Zn 2+ ,Ag + , Pd 2+ , Cd 2+ and ln 3 + on charcoal
impregnated with tin (IV) oxide from HNO3 solutions were radiometrically
determined by the batch equilibration method at 1$+1°C . The acid
concentration was varied in the range of ~10"3 to 1M HNO3 and the metal
ions concentration was kept constant at 3x10"4 M for each. Preliminary
studies indicated that the equilibrium time( 30 min - 6h ) depends on the
nature of the metal ions and on the concentration of the equilibrating acid
solution. Figure 1 shows the Kd values of the individual metal ions on C/tin(IV)
oxide as a function of HNO3 concentration on a log - log plott. Except for Fe 2+
in solutions < 0.1 M HNO3, * n e sorption behaviour of the first row transition
metal ions and Cd 2+ is more or less alike with an inflection point around 0.1M
HNO3, which defines two different adsorption behaviours at lower and higher
acid concentrations, respectively . In dilute acid solutions, the Kd values
decrease linearly with increasing the acid concentration up to < 0.1 M HNO3 .
The slope of the corresponding adsorption function ( log kd vs. log [HNO3])
has a negative value of about 1, suggesting the release of one H +
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1OV

Fig. 1 : Distribution coefficients (K,) on charcoal impregnated with tin(IV) oxide as a function of nitric acid
concentration.

during the exerted cation exchange reaction between the metal ions in
solution and H + on the surface of the adsorbent. In general, the obtained
behaviour is comparable with that manifested by other inorganic ion
exchangers such as crystalline antimonic acid, hydrous titanium dioxide,
zirconium phosphate, tin phosphate and hydrous tin (IV) dioxide (1"7- 9 " 11 ).
Also, ln 3 + shows similar adsorption behaviour but gives a negative slope
value of 2. The selectivity series in < 0.1M HNO3 solutions follows the
pattern:
Co2+< Ni 2+ < Zn 2 + < Cd 2+ < ln 3 +
which is more comparable to the behaviour of zirconium and tin phosphates
ion exchangers than tin (IV) oxide (2-3). The selectivity of C/tin (IV) oxide for
these ions may be consistent with the formation of exchangeable hydrolyzed
cationic species in dilute acid solutions C1"4' 12 ~ 14 ). On the otherhand,
molecular adsorption becomes predominant in solutions > 0.1M HNO3 and up
to 1M acid. As described in a previous work, the
amphoteric properties in concentrated acid solutions (8).
affinity for metal ions capable of forming neutral and
complexes in concentrated acid solutions. In the range
concentration, the selectivity series is as follows :

adsorbent exhibits
It may show a high
/ or stable anionic
of investigated acid

Zn 2+ < Ni 2+ < Co 2+ < Cd 2+ < ln 3 +
While the adsorption behaviour of pe2+ in dilute acid solutions on C/tin(IV)
oxide is more or less similar to that of the cations of the second row transition
metal ions (fig.1), it may have a different retention mechanism. Anyhow, over
the whole investigated acid concentration range, the selectivity series is in the
following order:
Fe 2 + < Ag+< Pd 2+
It is suggested that Fe 2+ was oxidized to Fe 3+ by tin (IV) oxide of the
adsorbent. As consequence, the formed Fe 3+ is sorbed as the colloidal
hydrous oxide in solutions < 0.1 M HNO3 . The sorbed species were easily
washed from the adsorbent with 0.5 M HNO3 solutions. However, the
selectivity of C/tin(IV) oxide for Ag + and Pd 2+ in dilute and concentrated nitric
acid solutions probably results from their ability to form complexes with the
oxide matrix, in agreement with adsorption of Ag + on the hydrous oxides of
Ta 2 O 5 , Nb 2 O 5 andTiO 2 ( 1 . 1 5 ).
Figure 2 shows the Kd values of Zn 2 + and Cd 2+ on C / tin (IV) oxide as a
function of concentration of the corresponding metal ions in 0.01 M HNO3
The Kd values of Zn 2 + and Cd 2+ are maximum in solutions, < 5.5 x 10"4 M for

2r3
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each of them.

At higher metal ion concentrations, a linear decrease in K^

values is obtained with a slope of about 1.

It proves a 1:1 exchange

mechanism between the counter ions in solutions and H + of the adsorbent as
mentioned above .

Chromatographic separations :
The above mentioned data of Kd values for the different metal ions show
that several useful separations using C / tin (IV) oxide columns are feasible,
some of them exploiting different ion exchange selectivity and the others, the
complexing ability of the exchanger. 1g C/ tin (IV) oxide columns were loaded
with 3 ml mixture solutions of Co 2+ -Cd 2+ - ln 3 + and Zn 2 + - Cd 2+ - ln 3 + ( 1(H
M for each ) in 10"3 M HNO3 and washed with 25 ml distilled water, thereafter.
Each column was successively eluted with 0.01, 0.1 and 1 M nitric acid
solutions.
Figure 3 shows that ions moderately retained in weakly acidic
solutions can be separated ( 95% Co 2+ and 37% Zn 2+ ) from those which are
strongly adsorbed ( Cd 2 + and ln 3 + ) using 10 ml 0.01 M HNO3 eluent. While
98% of the remaining Zn 2 + and 97.5 % Cd 2+ were eluted with 15 ml 0.1M
HNO3 solution, no ln 3 + was detected in the eluates. Elution of ln 3 + ( - 70%)
was achieved with 12 ml 0.5 M HNO3 solution . Figure 4 displays the
elution behaviour of Ag + from 1 g C / tin (IV) oxide column loaded with 1 ml
3x10"4 M AgNO 3 solution in 10"2 M HNO3 at flow rate 0.5 ml / min. The
column was washed with 25 ml distilled water and eluted with 40 ml each
of 0.1 and 1 M HNO3 , thereafter. It is obvious that Ag + is strongly retained
onto the column and nitric acid solutions are weak eluents; 1.6 and 6.2 %
Ag + are eluted , respectively.
On the otherhand, 99% Ag + elution is
achieved when 1M Na 2 S 2 O 3 solution was used as the eluent. The elution
profile is sharp and the eluate activity is concentrated in the first 6 ml eluate.
Before elution, the column was washed with 3x5 ml distilled water to free it
from any interstitial acid. Thus, the separation of carrier-free 109 Ag (40 sec)
and 111 Ag (7.5 d) from neutron irradiated Pd ( 103 Pd =17d, 109 Pd =13.6d, and
111 Pd =22 min) was attempted by using 1 g C/ tin (IV) oxide columns. 25 ml
10"4 M of the radioactive palladium solution in 10"2 M HNO3 were
percolated through the column at a flow rate of 1 ml / min. The column was
successively washed with 50 ml 1M HNO3, 25 ml distilled water and 18ml
1M Na2S2O3 . The effluents were collected in equal volume fractions, and
radiometrically

analysed for Pd and Ag .

Figure 5 depicts the obtained

results. It is shown that Ag and almost all of Pd are quantitatively retained
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onto the column from the loading solution (Fig. 5 curve A). Traces of a
mixture of Pd and Ag are eluted during the column washing with 1 M HNO3
(Fig. 5 curve B) . The release of the loaded activity ceased on treating the
column with distilled water (Fig. 5 curve C). Pure iO9,niAg is immediately
eluted with 1 M Na2S2O3 eluent, while radioactive Pd was strongly held onto
the column ( Fig. 5 curve D). The observed tail in the elution curve probably
results from the continuous growth of Ag activity due to the decay of
radioactive palladium .
The described method is as efficient as the
chromatographic separation method based on retention of the chlorocomplexes of palladium onto anion exchange resins and it is more or less
comparable with the cocrystallization technique for the production of carrierfree 111 Ag used in medical applications ( 16 . 17 ).
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ABSTRACT
The rate of exchange of Sr2+, Co 2+ and Zn 2+ on H + form of cerium(IV) antimonate
was determined at different reaction temperatures 25, 40 and 60°C. The exchange rate
was controlled by particle diffusion mechanism and limited batch technique. The
effective diffusion coefficients of the exchange reactions values of energy and entropy
of activation have been calculated and this is confirmed by the Bt versus t plots. The
diffusion of these metals was found decrease in the order of Zn2+> Co2+> Sr2+.

INTRODUCTION
Inorganic ion exchangers are the prefered materials to abstract radioisotopes from
aqueous nuclear wastes because of their selectivity, radiations and temperature
stability. New applications in the areas of heterogeneous catalysis, solid electrolysis,
inorganic ion exchange membranes, ion selective electrodes and interelation
compounds can be explored. In most of these fields, information on ion exchange
kinetics and mobility of counter ions in the lattice structure are needed 0).
The rate controlling step in ion-exchange was first shown by Boyed et al (2) to be
diffusion either in the exchanger particles itself or in the liquid layer. Nancallas and
Paterson 0) have found particle diffusion to be the slow step which determines the rate
of exchange on zirconium phosphate.
Recently, some kinetic studies have been performed in this laboratory on tetravalent
metal antimonates (4"s).
The overall objective of this work has been made in the kinetics studies of Zn 2+ ,
Co 2+ and Sr2+ on H + form of cerium(IV) antimonate at different reaction temperature.

33

EXPERIMENTAL
All reagents were of analytical grade and used without further purification.
Synthesis of CeSb: Cerium(IV) antimonate was prepared as reported earlier (6*7) by
dropwise addition of

462 ml of 0.6M antimony pentachloride and 660 ml of 0.6M

eerie ammonium nitrate solutions with constant stirring at a Ce/Sb molar ratio of 1.43
at 60°C. The mixed solution was immediately hydrolysed in distilled water. The
precipitate was kept in mother solution overnight, filtered and washed with water by
using a centrifuge until the pH of the supernatant solution was less than pH 2.5. After
drying at 60°C, the product was ground and sieved (0.12-0.8 mm). The prepared
sample was washed with cold distilled water in order to remove the adherent particles,
then with 1M HNO3 until free from chloride ion and then again with distilled water.
Finally it was air dried at room temperature.
The water content of cerium(IV) antimonate in the H + , Co 2 + , Sr 2+ and Zn 2+ form
were determined by calcination of 1 g of CeSb sample in the metal ions form at 850°C.
The water loss of Co 2 + , Sr 2+ and Zn 2+ at 85O°C are 11.98, 12.23 and 11.87% w/w,
respectively.
The capacity of the cerium(IV) antimonate in H + form for 5xl0 - 2 M metal chloride
(metal= Co 2 + , Sr 2+ and Zn 2+ ) solutions were determined by repeated equilibration in a
shaker thermostate at 25+l°C.
2+

meq/g for Co , Sr
Kinetic Studies:

2+

and Zn

2+

The capacity were found to be 0.86, 0.93 and 0.97

ions, respectively.

The radius of the particle of the sieved fractions was determined by

measuring the diameter of 100 particles with an optical microscope. The particles were
assumed to be spherical and a mean equivalent radius was calculated.
Kinetic experiments were performed under particle diffusion control conditions and
a limited batch technique (7). Samples of 0.1 g of cerium(IV) antimonate was added to
10 ml of 0.1 M metal chloride solutions (all experiments were done at a V/m ratio of
100 cm3g"1) in a shaker thermostat adjusted at the desired temperature. After the
adjusted interval time, the solid was separated immediately from the solution and the
extent of sorption was determined.

All the experiments were calculated at 25, 40 and 60+l°C and the results agreed to
±3% for all reactions times.
Analysis: Co 2+ , Sr 2+ and Zn 2+ were counted by using Nal (Tl) scintillation detector
connected to an ORTEC assembly.

RESULTS AND DISCUSSION
When the rate of ion exchange is controlled by the diffusion of the ions in spherical
particles of the exchanger*9), the equation developed by Boyed et al.(10) and improved
by' Reichenberg*11) can be used for evaluating the kinetic parameters. Then, the
following equation is valid:
(-n2Bt)
F(t)=l-~X —exp
n2 n=l n 2
where F is the fractional attainment of equilibrium, n is integer, B= Il 2 Di/r 2 , in which
Dj is the effective diffusion coefficient of the exchanging ion inside the exchanger and r
is the radius of the particle.
According to the above equation, F is a function of B and t only and is thus
independent of the concentration of the external solution. Experimental results may
be tested to determine whether they confirm to the above equation by plotting values
of Bt against the corresponding values of t; Bt values are taken from Reichenberg's
tabled 0 ).
The effect of particle size upon the rate of exchange was studied for the exchange
of Co 2 + as shown in Fig. 1. Figure 1 shows that straight lines passing by the origin are
obtained in all cases, proving a particle diffusion control mechanism UO. This figure
also shows that the rate of exchange increased with the decrease in particle sizes,
which is in agreement with the fundamental conditions of particle diffusion. The values
of Dj calculated from Fig. 1 are given in Table 1. From Table 1, although the effective
diffusion coefficients are approximately constant (Table 1). This indicates that under
these conditions, the rate determining step is diffusion through the particle.
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Table 1. Dj values for C o 2 + exchange on cerium(rV) antimonate
of different particle sizes, at 25+l°C
Particle

Dj

diameter,

cm

mm
0.20±0.02

5.85 x 10-9

0.28±0.02

5.77 x lO"9

0.35+0.02

5.72 xlO* 9

A plot of B versus 1/r2 (Fig.2) for Co 2 + on cerium(IV) antimonate shows the
reciprocal proportionality between the rate of exchange and square of the particle size,
which again verfies that diffusion through the exchanger particles is the rate governing
step. This results agree with previous work (5).
The plots F and Bt versus t for the exchange of Co 2 + ion on cerium(IV) antimonate
at 25, 40 and 6 0 ± l ° C at 0.1 N concentration are given in Figs. 3,4. It seen from this
figure that the straight lines passing by the origin are obtained. Similar findings were
obtained for exchange of Zn 2 + and Sr 2+ ions on the same materix.
The values of diffusion coefficient are summarized in Table 2 at room temperatures
and for all systems studied. In this table (Table 2), the values of diffusion coefficient
increase in the order Zn 2+ > Co 2 + > Sr 2+ .
Table 2. Thermodynamic parameters for the diffusion of Zn 2 + , Co 2 +
and Sr 2 + on cerium(IV)antimonate dried at 50°C at 25+l°C
Exchange
system

Ea
cm 2 s"1

2
cm s"

K J moH

AS 0
J moH

Zn 2 +

1.84xlO-8

2.93xlO' 7

6.85

-193.92

2+

9

7

10.85

-189.82

409xl0-7

12.44

-191.00

Co

Sr 2+

5.91xlO-

4.56xlO- 9

4.71xlO"
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The plot of log Dj against 1/T °K for Co 2 + , Zn 2+ and Sr 2+ which yielded straight
lines (Fig.4) for all metal ions investigated to justify the Arrhenius equation
Dj - D o exp -Ea/RT

(3)

Thus, the energy of activation (Ea) and the pre-exponential constant (D o ) were
estimated from the plots according to the above expression.
The entropies of activation AS 0 for all the alkali metals were then calculated by
substituting D o in the Barrer et al. equation ( 13 ).
D o = 2.72 (KTd2/h) exp AS°/ R

(4)

where R is the gas constant, K is the Bltzmann constant, T 273 K, d is the average
distance between two successive position in the process of diffusion taken as equal to
0.5 nm,h the planck's constant.
The values of the diffusion coefficients (Dj) energy of activation (Ea) and entropy
of activation (AS*) for Co 2 + , Zn 2+ and
diffusion

coefficients

Sr 2+ are listed in Table 2. The values of

for Zn 2+ , Co 2 + and

Sr 2+ ions are higher than those for

semicrystalline niobium ( 14 ) and zirconium phosphates <15), but are nearly equal to
those for strongly cationic resinsO *) or even weakly cationic resins^13). Furthermore,
the values of diffusion coefficient inside the exchanger take the order Zn 2+ > Co 2 + >
Sr 2+
The relatively small activation energy values which given in Table 2 for Zn 2+ , Co 2 +
and

Sr 2+ , suggest that the rate exchange is particle diffusion. Moreover, the negative

value for entropy of activation, where the entropy change is small in the solid phase,
suggesting that no significant structural change occurs in cerium(IV) antimonate.
Similar behaviour is reported in tantalum U 6 ) and iron O7) antimonate.
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SORPTION BEHAVIOUR OF SOME HAZARDOUS FISSION
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ABSTRACT
Cerium(IV) antimonate cation exchanger has been synthesized. The product was
characterized by powdered X-ray diffraction, thermal analysis and infrared
spectrometry. The data of the distribution coefficients showed that the selectivity
decreased in the order Eu 3+ > Co 2+ > Sr2+> Cs+. Besides, the drying temperature of the
matrix has a profound effect on their ion exchange capacities. Moreover, the obtained
results of the effect of gamma radiation on the ion exchange behaviour of the sample
showed a slight decrease in the capacity and the distribution coefficient values with
increasing the absorbed dose.

INTRODUCTION
The use of inorganic sorbents for treatment of aqueous radioactive wastes was
originally made [1,2] on the basis of their resistance to radiation, generally resistance
to chemical attack and their compatibility with likely immobilization matrices such as
cement.
A considerable number of synthetic inorganic sorbents have been identified which
have a strong affinity for one or more radionuclides. These sorbents have found to be
versatile and can be used either in granular form in a conventional packed-bed or in a
finely divided form in conjunction with an efficient solid-liquid separation such as
cross-flow filtration.

The present work has generated a considerable quantity of information on the
performance of inorganic sorbents for the decontamination of aqueous radioactive
waste

streams. The data has been obtained for preparation, characterization and

equilibrium situation.
EXPERIMENTAL
Preparation of cerium(IV) antimonate (CeSb) was prepared as described previously
(2-4) the precipitates obtained by adding SbCl5 and cerium ammonium nitrate with
constant stirring, were kept in the mother solution at 60°C for one day, and then
washed with cold demineralized water until free from chloride or nitrate ions. After
drying, the product was ground and sieved (0.12-0.64 mm).
The total water content of the samples was determined by calcination of 1 g at
85O°C and calculating of the % loss in weight.
Irradiation
y-irradiation of cerium(IV) antimonate was carried out using Egypt Mega I
Irradiation Facility (type J-6300 Atomic Energy Canada). The irradiation was
conducted for variable time periods in order to cover a range of absorbed doses
varying between zero and 1.3 MGy. The samples were wrapped in polystyrene (0.5
mm) films and the temperature during irradiation did not exceed 60°C. Subsequent
experiments were conducted on CeSb sample before and immediately after irradiation.
Analyses of Matrix
X-ray diffraction patterns and infrared spectra: Measurements of X-ray diffraction
patternes were carried out using a Philips X-ray diffratometer, model PW 1890, with a
nickel filter and a Cu-Ka radiation. The I R spectrometer used for CeSb using Philips
beam type Pfi 706 England. In all cases, the measurements were carried out using KBr
disc method.
Differential Thermal Analysis
Measurements of differential thermal analysis were carried out using a Shimadzu
DTG-40 thermal analyzer obtained from Shimadzu "Japan".

Apparent Capacity Measurements
The Na+ -and Cs + - capacities of CeSb were measured by repeated batch
equilibrations of the sample with 0.1 M NaCl or CsCl solutions in a shaker thermostat
at 25+l°C, until saturation was attained.
Distribution Studies
0. lg of the exchanger was shaken at 25±1°C with 10 ml of KHM of each of Cs, Sr,
Co and Eu, labelled with 134 Cs, 85Sr, 60 Co and 152+154 Eu, respectively. After
overnight standing (sufficient to attain equilibrium) the mixtures were centrifuged and
the. acidity of the solutions determined.
Distribution coefficients (Kj) were calculated from the following:

.V/m(m!g-')
where,
V = total solution volume (ml)
m = weight of the exchanger (g)
Ao = initial counting rate in solution
final counting rate in solution
Radiometric Assay
The radioactivity was identified and measured by y-ray spectrometry using a
TENNELEC Multichannel analyzer coupled with a high purity Germanium coaxial
detector. A Nal(Tl) scintillation counter was used for ordinary gamma counting.

RESULTS AND DISCUSSION
Structural Features
X-ray patterns for cerium(IV) antimonate manifested that the prepared sample
dried at 50°C is poorly crystalline and that the crystallinity of the materials slightly
increases with the heating temperature of the material in the investigated range, 50400°C. Significant improvement of crystallinity for CeSb occurs at 850°C.

Thermogravimetric (TG) and differential thermal analysis (DTA) curves for CeSb
manifested that the first weight loss at 106°C, corresponds to loss of free water. The
weight loss continued up to 640°C, in support of the fact that CeSb has a good thermal
stability, compared with other inorganic ion exchangers [5]. The small exothermic peak
at 334°C, corresponds to crystallization of CeO2 No weight loss occured in the range
of 640-820°C for CeSb sample.
The infrared spectra of CeSb sample showed that the broad band at ~ 2500-3600
1

cm" is due to strong inter-and-molecular hydrogen bond. The broad band around 600900 cm"1 may be assigned to M-0 interaction vibrations. The decrease in water
cbntent of the sample, as demonstrated by the decrease in band intensities of molecular
water at about 3500 and

1640

cm*1 goes parallel to the increase in heating

temperature. It should be noted that the two bands at 1410 and 1140 cm"1 are also
slightly decreased with increasing temperature. The peak at 1410 cm"1 is due to SbOH
deformation vibration and the peak at 1140 cm"1, to 5-Sb-OH [5].
Apparent Capacity Measurements
The ion-exchange capacities of CeSb sample heated at different temperatures are
given in Table 1. The data in the table showed that the ion exchange capacity for Na+
and Cs + on the material heated at 200°C are slightly decreased and no drastic change
occurs in the surface structure and X-ray diffraction patterns, because of the loss of the
free water. At 400°C, it seems that the capacities generally largley increase. Thus, the
increase in absorption ability can be explained in terms of the increasing electrostatic
force on the adjacent sites by increasing the electron density on the field of sites in the
heated sample, due to shrinkage the distance between adjacent sites. On heating at
600°C, strongly bonded water is removed and the capacity simultaneously decreases.
No ion-exchange behaviour can be observed in CeSb and SnSb heated at 700°C [7].
Table 1 shows also that the Na+-capacity is higher than that of the Cs+-capacity at
all heating temperatures, under identical conditions. This can be attributed to a higher
complexability of Na + with the surface sites.
The capacities of unirradiated and irradiated CeSb sample are given in Table 2.
From this table, it may be deduced that decrease in capacity for Na + and Cs + for the
samples should be related to both water of crystallization and that the structural water

may undergo radiolysis, resulting in a loss of exchange capacity of partial
decomposition due to redox reactions [8]. In addition, at all irradiation doses, there are
probably a few relatively strong sites, their number is decreasing with increasing the
irradiation doses.

Table 1: Capacity for Na + and Ca+ ions on various cerium(rV)
antimonate samples driec A different temperatures.

Samples

Heating
temperature,

% of water
content, wt

Capacity (meq/g)

°C

CeSb

Na+

Ca+

50

17.16

0.952

0.74

200

13.80
4.11
1.23

0.918

0.71

1.09
0.035

0.87
0.012

400
600

Table 2: Capacity for Na + and Cs + on unirradiated and
irradiated cerium(rV) antimonate at 25+l°C.

Cation

Capacity in meq/g
for CeSb
Unirradiated

Na+
Cs +

1.26
1.06

1 MGy

1.3 MGy

1.18
1.01

1.12
0.97

Distribution Studies
Preliminary studies indicated that equilibrium is attained within 24 hr, in a shaker
thermostat, for the exchange reaction.

The distribution coefficients of metal ions in demineralized water are very small so
that one can not decide whether or not CeSb is selective for any cation. In order to
investigate its selectivity for metal ions, distribution coefficients (K<j) were determined,
the results are shown in both Fig. 1 and Table 3.
The plots of log Kd at infinitesimal exchange Vs. log [HNO3] for CeSb are shown in
Fig. 1. A linear relationship with a slope values equal to the valency of the ion sorbed
were obtained for CeSb (Fig.l). The explanation of this [9,10] is that the cationexchange process between H + and M n + in solution is represented by:
nH+ + M n +

> M n + +nH +

(where a bar over a character denotes the exchanger phase). K<j values are defined by:

fM n+ ]

where [M n + ] and [M n + ] are the molarities of the metal ions in solution and on the
exchanger phase, respectively. K$ values are given by the following equation:
log (K d )x M , x M

>O

Tc
yM
= log —- + log { — K H M }x M , xM n

> 0 - n log [HNO3]

YnH

where yM and yH are the activity coefficients of the ions in solution, and Tc is the
theoretical capacity. The first two terms on the right of the equation are approximately
constant and therefore, determination of Kd at very low values of xM in the ionexchange process will produce a plot of

> O vs log [HNO3]
with a slope -n x^, x ^

TABLE 3:
VALUES ANO SEPARATION FACTOR (a) O? CZHTAIN RADIOKUCLIDES ON CeSb IN HNO 3 MEDIUM AT 2Sj;l<'c.
T-doses

Unirradiited
nig"
Sr
253

1110
(4.4)

1.02

(a)
Co
4000

(IS.

8)

( 3 . .6)

1520

530

2.OS

1503
(2.6)

Cs
201

(6)

( 1 . .4)
(0.

• * )

4330

3600

( 7 . •5)

( 6 . •2)

( 2 .. 9 )

( 2 ,• 4 )

493

(a)
Sr'
Eu
930
3570
1400
(4.6) (17.8)
(7)
(3.8)
(1.5)
(0.4)
1270
(2.6)

( 0 ,. 3 )

1400
2.89

2700
3 .97

1197

2500

5600

19300

2200

(0.9)

(2.1)

(7.3)

2020
(0.9)

(2.2)

(7.9)

3400

2400
5350
(0.7) (1.7)
(2.4)

4.93

2320

6500

(0.6)

(1-5)
(2.3)

V.H

1650

4400

(1.4)

(3.7) (6.9)
(2.7)

8250

Cs

155

411

2-t-

Sr
775
(5)

9S0

Co

It-

3300

(2.3) (3.0)
(3.5)

1000

(5)

4970
13700
(2.3) (3.5)
(2.5) (9.3)
(3.3)
V.K

EU'

3139
630
(20.3) (4.1)
(4.1)
(0.8)
(0.2)

1198 3350
(1.2) (3.9)
(3.2)

1379
(3.4)
(1.5)
(0.4)
3100
(3.1)
(2.6)

(o.sr)

(1.9)

(3.5)

4450

3300
3300
(7.6) (6.6)
(3)
(2.6)
(0.9)

49S0
8750
(3.5) (6.3)
(2.4) (4.2)
(1.8)

2100
(1.5)

1. 3 MGv
mlg - i

1 MGv
X. aiq"

1700

1370 4400
(0.8) (2.6)
(3.2)

6750
(4)
(4.9)
(1.5)

2330

1500 5300
(0.5) (1.3)
(3.5)

V.H

Fig 1-Distribution coefficient values
CeSb from HNO3 solutions.

on

The data given in Fig.l, representing the variation of K^ values of Cs + , Co 2 + , Sr 2+
and Eu 3 + with pH, show that K^ increases with pH and the ion-exchange reaction
deviated from the ideality. And the selectivity sequence is in the order: Eu 3+ > Co 2+ >
Sr 2+ > Cs +
The K^ values and separation factors (a) of the metal ions studies on the sample in
nitric acid are summarized in Table 3. Separation factors between Eu 3+ , Sr 2+ and Cs +
have been improved by y-irradiation of CeSb [Table 3]. The data given showed that the
Kd values decrease with increasing the absorbed dose. It could be also deduced that
all investigated elements are highly retained on both materials with Revalues of the
order of 1O2-1O3 at 10"3M HNO 3 for CeSb. From these results CeSb can be used for
recovery of radioactive nuclides from waste streams.
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EXTRACTION CHROMATOGRAPHY
OF Am ( I I I ) , Eu ( I I I ) , Zn ( I I ) AND Cs ( I )
USING CHROMOSORB IMPREGNATED BY
0.01 M 2 - HEPTYL - 2 - METHYL NONANOIC ACID
IN BENZENE

H . A . E! - NAGGAR , A . RAMADAN and A . ABDEL - FATTAH
Nuclear Chemistry Department, Hot Laboratories Center,
Atomic Energy Authority, Cairo, Egypt

ABSTRACT

Extraction chromatography studies were carried out for Am ( HI )
Eu ( III ) , Zn ( II ) and Cs ( I ) from aqueous nitrate media of constant ionic
strength ; I = 0.1M ( Na + / H + NC>3' ) , using a long chain carboxylic acid
2 - heptyl - 2 - methyl nonanoic acid ( HA ) , 0.01M in benzene , as an extractant.
Chromosorb was selected as an inert solid support and impregnated by HA to
obtain the stationary phase . 0.1M HNO3 was used as the eluting agent. The
specifications of the employed column as well as the experimental conditions are
described . The study included the extraction chromatography behavior of the four
elements , both , individually or in a mixture in order to achieve , experimentally ,
the selective group separation of them into two groups : Am - Eu and Zn - Cs . The
conditions were fixed in all cases and the elution curves were obtained . The data
are explained , the elution curves are described and the mechanism of the process
is discussed .

INTRODUCTION
2 - Heptyl
expected that very
work it was used
Zn ( II ) and Cs

- 2 - methyl nonanoic acid ( HA ) is a new extractant and it is
little work may be undertaken , using it, till now . In a previous
to study the extraction behavior of Am ( III ) , Eu ( I I I ) ,
( I ) , from aqueous nitrate media of constant ionic strength ;

I - 0.1M ( Na + / H + NO3") ( * ) . An extraction chromatographic process has been
developed for the recovery of actinide elements , including Am - 241 , from
irradiated targets , alpha liquid wastes and aged actinide stocks . This technique
has been applied successfully to solve difficult actinide separations ( 2 ) . An
extraction chromatography method was proposed for the group separation of rare
earth elements and transplutonium elements from aqueous nitrate media , under
dynamic conditions ( 3 ) . The problem of Am - 241 disposal resulted from
radiochemical wastes was discussed . Methods applied for this purpose comprising
extraction chromatography were characterized ( 4 ) . Europium isotopes in the
irradiated fuel , from the nuclear power plant , were determined after their
separation by extraction chromatography ( 5 ) . The recovery of Eu - 152 + 154 was
applied successfully using HDEHP in kerosene , loaded on XAD - 4 , from aqueous
nitrate medium of constant ionic strength , as medium level waste solutions < 6 ) .
Many attempts have been carried out to develop Zn containing
radiopharmaceuticals for use as pancreas seeking agents . In particular ^^Zn EDDA and ^^Zn - NTA resulted in high Zn utilization in the pancreas and
accompanied by the performance of the sephadex column chromatographic
analysis ( 7 ) . Cesium as well as other fission products were separated by titanium
hexa cyano ferrate from the cooling water of the reactor . High sorption efficiencies
were obtained and more than 99 % of cesium was separated . The mechanism of
sorption and elution was discussed ( 8 ) . The study of chromatographic uptake for
the preparation of l ^ C s / 137c s u s i n g zeolite - bentonite resin was described for
the preparation of low density radioactive standards required in environmental
nuclear metrology ( 9 ) . ^4(^ $ a n ( j 137QJ w e r c selectively separated with a
decontamination factor > 10^ using ammonium molybdo phosphate . One of the
main goals was to limit the dose of intermediate level waste to minimum values.
Also , low level waste effluents could be cemented to very low dose values and could
be handled without any shielding ( 1 0 ) .
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EXPERIMENTAL
Reagents :

2 - heptyl - 2 - methyl nonanoic acid ( HA ) is A . R . product of Aldrich Chemie , W . Germany , used without further purification and diluted by benzene
from Merck , W . Germany . Chromosorb was used as inert solid support ,
60 - 80 mesh and also supplied from Merck. Other chemicals and reagents are of
analytical purity grade and used directly as received .
Radioactive tracers :
Eu - 152 + 154 was obtained by irradiating its oxide in 2 M\V - RR - 1 at
Inshas . It is prepared and used in the nitrate form . Am - 241 , Zn - 65 and
Cs - 134 were provided from Amersham , U . K . , and also prepared in the nitrate
media .
Instruments :
pH meter of the type HANNA - 8519 , Italy . Heating and drying oven of
the type Heraeus - Series - 5000 , 0 - 400 °C , \V . Germany . Single channel
gamma counter of the type Nucleus - Model - 500 Sealer and Model - 2010
Amplifier U . S . A . , connected to Nal / TI detector . PCA - Computerized Multi
channel Analyzer , Nucleus , connected to pure germanium detector , Tennellic ,
U.S.A.
Procedure :
5g of dry inorganic resin , chromosorb , weighed accurately , was
impregnated by 10ml of 0.01M HA in benzene and dried in the drying oven for
10 hours to produce the stationary phase . A dry and clean chromatographic glass
column , fitted with tap for regulating the flow rate was compactly packed by the
stationary phase . The column dimensions are 30cm length , 0.5cm radius , 10cm
bed height and the flow rate - 21.2 ml /cm^ . min . 0.5ml of active solution of the
respective elements , in the nitrate media ( I ~ 0.1M , Na + / H + NO3"), were
loaded individually on the top of the stationary phase , at pH values ~ 3 for Zn and
Cs and ~ 2 for Am and Eu ; or in a mixture of the four elements at pH ~ 2 . The
extracted elements were eluted in both cases by 0.1M HNO3 . The effluents were
collected and assayed gamma radiometrically using the single channel analyzer for

the individual elements or the PCA for the mixture . The elution curves were
plotted in both cases . All the experiments were carried out under the same
conditions; 20 ± 1 °C .

RESULTS AND DISCUSSION
This study is an application point of view of the conclusions which were
previously obtained from the solvent extraction investigation of the four studied
elements by HA from aqueous nitrate media ( I - 0.1M ) ( J ) aiming to achieve the
selective group separation of the four elements into two groups : Am - Eu and
Zn - Cs , through the optimum conditions .
1 - Extraction chromatography of the individual elements :
The complete elutions of the individual elements Cs ( I ) , Zn ( II ) ,
Eu ( III ) and Am ( III ) were performed and represented by the elution peaks
illustrated in figures ( 1 - 4 ) respectively . It is shown from figure ( 1 ) that
complete elution of Cs ( I ) is attained rapidly and consumed about 55ml of the
eluting agent and the peak maximum is obtained after 11ml elution . This weak
retention is explained by the weak extraction of Cs ( I ) by HA under such
conditions C * ) . Its elution profile exhibits some tailing at the rear part, i . e . some
peak asymmetry is observed .
Similarly , figure ( 2 ) shows the elution peak of Zn ( I I ) , and by the same
way it was eluted rapidly where the complete elution was achieved after
consumption of about 50 - 55ml of 0.1M nitric acid and the peak maximum
appears after 10ml elution . Some tailing is again observed in its peak but it is
more symmetrical than cesium elution peak . Also , Zn ( I I ) weak retention is
attributed to its weak extraction under the same conditions as concluded
before ( ! ) . Figure ( 3 ) illustrates the elution peak of Eu ( I U ) . It exhibits
stronger retention on the stationary phase than does Zn ( I I ) or Cs ( I ) under the
same conditions and this is in good agreement with the high extraction of Eu ( I I I )
by HA as previously obtained ( * ) . Its elution starts after consumption of about
20ml of the mobile phase and consumed about 80ml to full elution attainment
and the peak maximum is observed after 41ml elution . The elution peak of
Eu ( HI ) seems more symmetrical and exhibits less tailing than Cs ( I ) and
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Zn ( II ) . Figure ( 4 ) shows the elution peak of Am ( I I I ) , which resembles the
europium elution peak in which it appears more symmetrical with small tailing . It
is also strongly retained on the stationary phase which is consistent with the
previously obtained extraction behavior of Am ( III ) by HA under such
conditions ( * ) . The complete elution of Am ( HI) consumed about 85ml of the
eluting agent and it starts after about 20ml . The peak maximum , as observed
from the elution profile , appears after 42ml elution .
As exhibited mainly by Eu (III) and Am (III) in the present work solute
retention is controlled by the molecular forces of which there are three basic types :
ionic , polar and dispersive forces , and it is rare in any distribution system that
only one type of interactions is present. Ionic interactions will, in all probability ,
be accompanied by both polar and dispersive interactions ( i l ) . This is consistent
with the nature of the extracted species of the four experimented elements formed
by the direct bonding with the nonanoate ligands offered from HA molecules .
2 - Extraction chromatography of a mixture of the elements :
Figure ( 5 ) shows the elution peaks of the four investigated elements ,
resulted from the extraction and elution of a sample containing a mixture of these
elements together , under the previous experimental conditions . PCA computerized multichannel analyzer was used to assay the gamma counts of the
four elements in the resulted effluent, simultaneously ; from which the respective
elution peaks were plotted . It is shown from figure ( 5 ) that Cs ( I ) , Zn ( I I ) ,
Eu ( III ) and Am ( III) are practically separated into two pairs : Am - Eu and
Zn - Cs . It is obvious that the elution peaks of each pair are greatly interfered .
Furthermore , slight interfering is also observed between the rear parts of the first
pair ( Zn - Cs ) with the front parts of the second pair ( Am - Eu ) due to tailing of
the former . It is clear from figure ( 5 ) that Cs and Zn can be taken apart in the
first effluent portions after consumption of about 23ml of the eluting agent ,
completely pure without any contamination from Am - Eu pair . Also , Am - Eu
pair could be obtained in the second effluent portions free from any Zn or Cs
traces after consumption of about 41ml of HNO3 to about 75ml . It is also
illustrated from figure ( 5 ) that, the peaks of each pair are close together such that
nearly a single composite peak is produced . For closely eluted peaks , as in the
present case , the column efficiencies for the two solutes can not be considered the
same , where the peak is not symmetrical ; this is because in that part of the
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composite peak that determines its maximum , the rear part of the first peak
merges with the front part of the second peak ( n ) .
The selection of the inert solid support, chromosorb , is very important,
where according to the variation of the pore diameter ranging from 60 - 80 mesh ,
some open pores are accessible to the solute while others are not depending on the
size of the solute molecules . Therefore , only those pores that have a diameter
equal to or greater than that of the solute molecules are accessible and only the
stationary phase within those pores can affect retention ( 1J - 1 3 ) .
The shape of the obtained elution peaks can be explained in terms of the
plate theory , since in all practical liquid chromatography systems , the number of
theoretical plates is always greater than 100 , and it would be expected that all
chromatographic peaks will be gaussian or nearly gaussian in shape . Although ,
the symmetrical nature of the elution curve is to be expected from the plate theory ,
some peak asymmetry was observed and it is attributed to the variance in moving
through the column between the higher and lower concentrations of the respective
solute , as found in the present study . Also , the volume of the loaded samples
containing the trace concentrations of the four experimented elements , both
individually or in the mixture were minimized as possible to avoid the sample
overload , which is considered to be the major cause of the peak
asymmetry ( 1 ! " 1 4 ) .
The mechanism by which the four studied elements were separated into two
groups by this technique can be described as follows : during the development of
the chromatographic separation two processes occur simultaneously but
independently . Firstly , the individual solutes in the sample are moved apart i n
the column as a result of their different affinities for the stationary phase . Those
solutes that interact strongly with the stationary phase , such as Am (III) and
Eu ( III ) species , being retained in the column to a greater extent than those
which interact more strongly with the mobile phase , such as Zn ( I I ) and Cs ( I )
species . Secondly , as the bands are moved apart, they spread or disperse and
tend to merge together , blurring the separation that has been obtained . During
the work , it was taken into consideration that the design and packing of the
column as well as loading and elution of the individual elements or the mixture ,
were performed such that the respective bands were moved as far apart as possible
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to ensure that the individual solutes can enter the PCA - Ge - detector as
individual bands to obtain maximum resolution ( n ) .
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WITH DIFFERENT ORGANOPHOSPHORUS
COMPOUNDS FROM NITRATE MEDIA
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ABSTRACT

Extraction studies for investigating the effect of mixing 2 - heptyl - 2 methyl nonanoic acid ( HA ) with a number of organophosphorus compounds ;
namely triburyl phosphate ( TBP ) , triphenyl phosphine oxide ( TPPO ) , trioctyl
phosphine oxide ( TOPO ) or bis - 2 - ( ethyl hexyl) phosphoric acid ( HDEHP ) in
benzene , on the extraction of tracers of Am ( I I I ) , Eu ( I I I ) , Zn ( I I ) and Cs ( I )
from nitrate media of constant ionic strength ; I = 0.1M , were carried out. The
effect of adding different organophosphorus compounds to HA was tested to
account for the presence or absence of the phenomenon of synergism . It was found
that TBP , TPPO , and TOPO caused some antagonistic effects for the studied
elements . Extraction enhancement was only observed with HDEHP for all the
investigated elements . The extraction mechanisms as well as the thermodynamic
parameters for the mixed extracted species were discussed .

INTRODUCTION

2 - heptyl - 2 - methyl nonanoic acid ( HA ) , diluted in benzene , was used
previously to study the extraction behaviour of ^^l^m , 152+154£u ^ 65^ n a n ( j
"*Cs , from aqueous nitrate media of constant ionic strength ( 1 ) . There is some
similarity between HA and versatic acids in which both of them are
monocarboxylic acids with long alkyl chains . Versatic acids have been used for
extraction and separation of many elements , especially transition elements .
Extensive studies were carried out in the solvent extraction of different elements
using versatic acids ( 2 " 6 ) .
The effect of mixing two organic solvents on the distribution behaviour of different
elements was widely investigated on a large scale , from which the phenomenon of
synergism or antagonism may arise ( 7 ) .
It is expected that very little work may be undertaken using HA till now (*)
In the present work HA has been mixed with either of TBP , TPPO , TOPO or
HDEHP , by different proportions to study the distribution behaviour of the
radioelements ^ U m , 152+154jru ^ 65^ n a n ( j 134£ s ^ by s u c n mixture from
aqueous nitrate media of constant ionic strength ; I = 0.1M ( H + / Na + NO3").
The phenomenon of extraction enhancement ( synergism ) or extraction inhibition
( antagonism ) or the phenomenon of coextraction were accounted for . The
equilibrium constant as well as the thermodynamic parameters associated with
each extraction reaction , were obtained on the basis of the postulated reaction
mechanisms .

EXPERIMENTAL

Reagents :
2 - heptyl - 2 - methyl nonanoic acid ( HA ) is A . R . product of Aldrich Chemie , W . Germany , used without further purification . Tributyl phosphate
( TBP ) product of B . D . H . , triphenyl phosphine oxide ( TPPO ) product of
Fluka , trioctyl phosphine oxide ( TOPO ) product of Eastman and bis - 2 - ( ethyl

hexyl ) phosphoric acid ( HDEHP ) product of Fluka ; all of these solvents were
used directly and diluted in benzene ( Merck). All other chemicals and reagents
are of analytical purity grade and used directly as received .
Radioactive tracers :
152+154jru w a s obtained by irradiating its oxide in 2MW - RR - 1 at Inshas.
The irradiated sample was dissolved in HC1, then evaporated gently to dryness .
The residue was then dissolved in 1M HNO3 and reevaporated again . The final
residue was dissolved in a solution of O.IM ionic strength adjusted by NaNC>3 and
the required pH was obtained using HNO3 . ^ U m , ^ Z n a n ( j 134£ s w e r e
provided from Amersham ( U . K . ) .
Determination of the distribution ratio ( D ) :
Equal volumes of both organic and aqueous phases were equilibrated in a
thermostat water bath . Preliminary experiments showed that 1 hour is sufficient
to attain the equilibrium and 10 minutes to attain the thermal equilibrium . The
extraction processes were performed in a stoppered glass tubes of about 15cm
length and 1.5cm diameter , closed firmly . The tubes were vigorously agitated
using a mechanical shaker thermostat till equilibrium , then the two phases were
centrifuged for 3minutes followed by withdrawing of 0.5ml from each phase for
radiometric assay using gamma counter of the type Nucleus - Model - 500 Sealer
and Model - 2010 Amplifier . D was calculated by dividing the counts per minute
in the organic phase over that of the aqueous phase . pH of each sample was
determined before and after equilibrium using pH meter ( HANNA - HI - 8519 ) .

RESULTS AND DISCUSSION

I . Mixing with TBP , TPPO or TOPO :
Figures ( 1 - 4 ) show the effect of varying HA concentration mixed with
10"^M of any of the organophosphorus compounds ( S ) for Cs and Zn and 10"^M
for Am and Eu , for the extraction of the respective element. The extraction was
carried out from nitrate media of constant ionic strength ; I ~ O.IM and pH = 1.4 ,
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3 , 2 ,2 for Cs, Zn , Am and Eu , respectively . The slopes were found to be 1 , 1.5 ,
2 and 3 for Cs , Zn , Eu and Am , respectively , which are the same slopes obtained
previously with HA alone ( * ). Also it was found that Dj B p > I^TPPO > ^TOPO •
Figures ( 5 - 8 ) illustrate the effect of organophosphorus concentrations ( S ) mixed
with 0.01M HA for Cs and with 0.001M HA for Zn , Eu and Am , on the extraction
of these elements . The data fit a series of three straight lines for each element and
having slope ~ 0 for Cs and Zn and the sequence DTgp > Dyppo > D-rOPO w a s s t ^
maintained .
From the above observations it is found that, the extraction behaviour were
the same as obtained previously with HA alone with the same number of HA
molecules participating in the extracted species of each element. Generally , the
distribution of any element decreased due to mixing rather than obtained with HA
alone , and this antagonistic effect especially with Am and Eu may be attributed to
the organic - organic interactions between HA and S in the organic phase .
II. Mixing with HDEHP :
1. Cs - extraction :
Figure ( 9 ) shows that the solvation number w ith respect to HA is 1 , as
obtained previously with HA alone and D - values are greatly enhanced indicating
a phenomenon of synergism or coextraction , may be attained .
Figure ( 10 ) shows the effect of HDEHP concentration mixed with constant
concentration of HA and gives three parallel lines of slope ~ 1 , corresponding to
one HDEHP molecule participating in the extracted Cs species and DJQ > D2s >
D 40 indicating an exothermic process.
Figure ( 11 ) shows the effect of pH on the extraction of Cs by a mixture of
HA and HDEHP , and gives a straight line of slope = 1.8 meaning that, almostly
two protons could be liberated during the extraction .
From all the above observations and knowing that HDEHP is present in
benzene as a dimer i. e . ( HDEHP )i ( 8 * 1 J ) , the mechanism of Cs extraction can
be represented as :
Cs+aq

+ (HA)0

^ ^
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4

UJjl

1.000E-03

Cs+aq

K«
^==*

+ ( HDEHP ) 2 ( 0 )

CsH (DEHP ) 2 ( 0 ) +

H+aq

by summation :
K

ex
2Cs+ aq + ( HDEHP ) 2 ( 0 ) + ( HA ) 0 ^ = ^ ( CsA ) 0 + CsH ( DEHP ) 2 ( o ) + 2H+ a q

1 aq
[ HA l 0 (( HDEHP ) 2 ] 0
Log K e x - log D - 2 pH - log I HA ] 0 - log [ ( HDEHP ) 2 J

0

The equilibrium constant as well as the thermodynamic functions for the overall
reaction were obtained via plotting log K e x versus 1 / T ; fig. ( 20 ) , and found to
be:
logK 2 5 =

3.4305 ± 0.241

AG

= - 19.5751 ± 1.375

kJ/mol

AH

= - 14.187

kJ/mo!

AS

=

± 0.501

18.0809 ± 4.911

J / mol. deg

The reaction proceeds spontaneously , to form strong or stable extracted
species and it is enthalpy and entropy favored .
2. Zn - extraction :
Figure ( 12 ) shows that an extraction enhancement is observed by adding
10"^M HDEHP to variable proportions of HA , compared to the previous
distribution obtained by HA alone and HA participated by only one molecule in
the extracted species .
Figure ( 13 ) shows that D Zrl increases with [ HDEHP ] mixed with 10'^M
HA to give a set of three parallel straight lines of slope 1 , indicating that one
HDEHP molecule is practically in the extracted species of Zn . Furthermore , it is
found that DJQ > ®2S > ^40 • Fro™ the above observations and knowing t h a t , in
the aqueous solution , Zn is present only a s Z n 2 + ( 1 2 ) , the mechanism of zinc
extraction can be expressed as :
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Z n 2 + a q + (HDEHP ) 2 ( o ) + ( HA ) 0 ^ — * { Zn AH (DEHP ) 2 } ( o ) + 2 H + a q
]2aq
Kex - D
[HA]0[(HDEHP)2]0
Log K ex - log D - 2 pH - log | HA ) 0 - log I ( HDEHP ) 2 ]

0

By plotting log K e x versus 1 / T ; fig. ( 20 ) , the thermodynamic parameters were
calculated for the overall reaction and found to be :
logK 25 -

1.2975

± 0.165

AG

- - 7.4038

± 0.942

kj / mol

AH

- - 16.691

± 0.694

kj / mol

AS

= - 13.1651 ± 3.925

J / mol. deg

The synergistic reaction could be expressed by the follow ing two forms :

P
ZnA 2 ( 0 ) + ( HDEHP ) 2 ( 0 )

^ = * Zn A H (DEHP ) 2 ( o ) + HA(o)

P
ZnOHA( 0 ) + ( HDEHP )2(0)

^~=^ Zn A H ( DEHP )2(o) + H 2 O

Pas well as AG , AH and AS of such synergistic species were calculated by
subtracting the previous values with HA alone from the above values and were
found to be :
logP

-

4.6196

± 0.276

AG

= -26.360

± 1.574

kJ / mol

AH

=

3.265

± 2.572

kj / mol

AS

-

99.4141 ± 10.122

J / m o l . deg

These values are characteristic to the inner - sphere complexes.
3 . Eu - extraction :
Figure ( 14 ) shows the effect of varying HA concentration mixed with
10" M HDEHP in benzene . It is found that, the behaviour fit a straight line of
slope ~ 1 , i . e . only one HA molecule is participating in the extracted species ,
which is different from the situation observed with HA alone .
4

TO

Figure ( 15 ) illustrates the effect of HDEHP concentration mixed with
HA at different temperatures . A series of three parallel straight lines were
obtained of slope - 1 indicating only one HDEHP molecule is involved in the
extracted species . Also it is found that D 4 0 > D25 > DJQ . An extraction
enhancement was observed compared to that obtained with HA alone .
Figure ( 16 ) shows that the extraction of Eu by a mixture of HA and
HDEHP increases by increasing [ NC>3" J at pH ~ 2 by a slope = 1 , i. e . one nitrate
species must be involved in the mixed extracted compound .
From the above treatment , the mechanism of Eu (III) extraction by a
mixture of HA and HDEHP could be expressed as follows :
K

ex
Eu3+aq+ NOy aq + ( HDEHP ) 2 ( o ) + ( HA ) 0 ^ = ^ { EuNO3AH( DEHP ) 2 } ( o ) + 2H+aq
I H+ ] 2 a q
[ NO3" ] a q | HA ] 0 [ ( HDEHP ) 2 ] 0
Log K ex - log D - 2 pH - log [ NO3" l a q - log [ HA ] 0 - log [ ( HDEHP ) 2 ]

0

Similarly , AG , AH and AS of the Eu extracted species were obtained as described
before and were found :
logK 2 5 =

6.1118

± 0.123

AG

=-34.8751+

0.702

kJ / mol

AH

=

14.808

± 0.722

kJ / mol

AS

-

166.722 ± 3.380

J/moI.deg

The organic phase (synergistic reaction ) could be considered as :

P

{ Eu ( NO3 ) A2 } ( 0 ) + ( HDEHP ) 2 ( 0 ) ^ = ^ { Eu ( NO3 ) A H( DEHP ) 2 } ( o ) + HA (o)
log (3, AG , AH and AS of this reaction could be obtained by subtraction the
previously obtained values with HA alone from the above values , and were found
to be :
logP

=

2.8125

± 0.19

AG

= - 16.0451 ± 1.084

kJ / mol
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0.01

AH

=

51.6903 ± 4.765

AS

=

227.31

± 16.433

kj / mol
J/mol.deg

and these values are characteristic to the inner - sphere complexes .
4 . Am - extraction :
Figure ( 17 ) shows that T>\m increases with increasing ( HA ] mixed with
10""*M HDEHP , as represented by the straight line of slope = 2 , meaning that two
nonanoate ligands (A") are included in the extracted species rather than three as
wjth HA alone . Also , D\m was enhanced than before .
Figure ( 18 ) illustrates that D A m increases with increasing ( HDEHP )
mixed with 10'^M HA as represented by a set of three parallel straight lines of
slope - 1 , which equals the solvation number of HDEHP participating in the
extracted species of Am . Also , it is observed that D 4 0 > D25 > D\Q indicating an
endothermic process .
Figure ( 19 ) shows that D Ara increases with pH by a mixture of 10"^M HA
+ 1(HM HDEHP , represented by a straight line of slope = 3 , meaning that 3 H +
are produced due to extraction reaction .
From the above conclusions , the mechanism by which mixed extracted
species of Am are formed under such conditions can be expressed as follows :
Am3 + a q + ( HDEHP ) 2 ( o ) + 2 HA ( o ) = ^ = ^ { Am A 2 H ( DEHP ) 2 } (o ) + 3H+ a q

I3aq
ex
Log K ex

[ HA ]2 0 [ ( HDEHP ) 2 ] 0
= log D - 3 pH - 2 log [ HA ] 0 - log [ ( HDEHP ) 2 ]

0

Similarly , AG , AH and AS of the Am extracted species were obtained as described
before and were found :
log K 25 =

5.4879

± 0.225

AG

=-31.315

± 1.284

kJ / mol

AH

=

15.000

± 0.635

kj / mol

AS

=

155.42

± 4.81

J/mol.deg

73

lOOOr

1900b

-

4
*

3S* C
*

40* C

100b

4
4

100 bI
*
4

•

*
4
10b
4
-

4

yj

0.1

1

10
CBAXE4 (M))

tigitn »tt»ei «i (HAJ * aoooui
os •straetloo ot AHS £rem ollrsto
i • am. PH • i o at as * i"

100 b

0.01

Tlgxm Htoet of pB 9
An, fef aOOlM KA * O&QOUA BS8B? tree*
•llrato maaiutoi I • OiM d t f l ^

10
(BDEBPXI6

100

Mg.(U): Itteef el (HDIBP] *os ssrreetleo o< A n from alt rote
! - O.m. pB • 1 0 ctt

1000
BA

The synergistic reaction ( the organic phase reaction ) is obtained by subtraction
the previous reaction with HA alone , from the above overall reaction and
expressed as follows:

P
A m A 3 ( 0 ) + (HDEHP) 2 ( 0 ) ^ = ^

{ Am A 2 H ( DEHP ) 2 } (o ) + HA ( o )

log P, AG , AH and AS , similarly are obtained by subtraction and were found to
be:
log P

=

2.6809

± 0.375

AG

= - 15.298

AH

=

47.876 ± 1.928

AS

=

211.99

± 2.14

± 9.67

kj / mol
kJ / mol
J / mol. deg

These values are characteristic for inner-sphere complexes with reasonable
stability .
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STUDIES ON THE EXTRACTION BEHAVIOUR OF Zr(IV),
Ce(III), Th(IV) AND U(VI) FROM AQUEOUS SOLUTIONS
OF ARSENAZO-I WITH HDEHP, HTTA, TDA AND TCMA
F.H.EL-SWEIFY and M.M.KAMEL
Nuclear Chemistry Department, Hot Laboratories Centre,
Atomic energy Authority, Post Code 13759, Cairo, Egypt.

ABSTRACT
The extraction behaviour of Zr(IV), Ce(III), Th(IV) and
U(VI) from aqueous solutions containing arsenazo-I with the
organic solvents tridodecylamine(TDA), l-[thenoyl-(2)J-3-3-3trifluoroacetone (HTTA), di(2-ethylhexyl) phosphoric acid
(HDEHP) and tricaprylmethylammonium chloride(TCMA) in different organic diluents has been investigated. Effect of hydrogen
ion concentration in the aqueous phase, arsenazo-I concentration, as well as the effect of solvent concentration on the
extraction was studied. From the obtained results, some
alternatives for separation of the studied elements were
recommended which may enable the spectrophotometric determination of these elements using arsenazo-I without interference.

INTRODUCTION
Selectivity in spectrophotometric determinations could
be considerably enhanced by preferential extraction of coloured complexes formed in aqueous phase into a suitable organic
phase before determination. By this way, the coloured complexes of elements of interest are separated from other nonextractable interfering species. This method is effective provided
that an appropriate organic solvent is available. Removal of
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interfering ions could obviously also carried out by a preliminary separation by means of ion exchange resins or liquidliquid extraction, where the required element is finally
determined in the eluate or in the solution obtained from
back extraction. It is obviously better if the colour can be
directly developed in the organic phase. Such methods have
advantages of rapidity and possible increase in sensitivity
due to volume reduction. Arsenazo-I [2-(l,8 dihydroxy-3,6
disulfo-2-naphthylazo) benzene-arsonic acid] forms coloured
complexes with a number of elements of nuclear importance as
U, Th, Zr and the rare earth elements, which are used in
their spectrophotometric determinations. The selectivity of
determination of each element depends on the proper choice of
pH as well as on the presence of masking agents!1} A
so-called extraction photometric method has been used by
Kuznetsov and Savvin
in which,the coloured complex of
thorium with arsenazo-III was extracted from the aqueous
phase into butyl or amyl alcohol in the presence of diphenylguanidine chloride, before the final measurements. Cerrai and
Ghersini<3) have also determined thorium using arsenazo-III
in the organic phase after extraction with di-(2-ethylhexyl)
orthophosphoric acid. Amyl alcohol and butanol were used as
extractants for U(VI)-arsenazo-III complex formed in slightly
acidic solutions (0.1-0.2N) 4'5 , whereas benzyl alcohol was
used for the extraction from strong acidic solutions (0.57.0 N) 6 . U(VI) was determined directly in the organic phase
using arsenazo-I after extraction from HNO solutions into
trioctylphosphine oxide dissolved in cyclohexane(7). Many
studies on the extraction and spectrophotometric determination
of Th(IV), U(VI), Zr(IV) and tervalent lanthanides using
arsenazo-III
have been
reported ' "
whereas
few was
.

,

.

_ (1,14)

reported using arsenazo-I.
The present work is directed to study the extraction
behaviour of Zr(IV), Ce(III), Th(IV) and U(VI) from aqueous
solutions of arsenazo-I with HDEHP, HTTA, TDA and TCMA in

xylene

under

alternatives
interfere

different
for

with

conditions

separation
each

of

other

aiming

at

the studied

in

their

finding

elements

some
which

spectrophotometric

determination using arsenazo-I.

EXPERIMENTAL
Materials:
All reagents used were of analytical grade quality.
Arsenazo-I trisodium salt (M.Wt.614.28) was a product of BDH.
Tri-n-dodecylamine (TDA) and
thenoyltrifluoroacetone (HTTA)
were products of Merck, di(2-ethylhexyl) phosphoric acid
(HDEHP) and tricaprylmethyl ammonium salt(TCMA) were products
of Aldrich Chemical Company, tributyl phosphate (TBP) and
diluents, xylene, benzene, carbontetrachloride and chloroform
were products of BDH. Various solutions of the solvents in
the mentioned diluents where prepared where the concentrations
are given either in moles L~ or in volume percent. The solutions were 30 V/o TCMA (0.656M), 20 V/o TDA (0.314M), 0.25M
HTTA and 0.75M HDEHP. All solutions where in xylene except in
case of studying the effect of diluent and the effect of
solvent concentration where other diluents and various
concentrations were used.
Radioactive Isotopes:
Zr,
Ce,
Th and
U were used for tracing the
corresponding elements and were assayed r-radiometrically
using pure germanium detector connected to a 8192 multichannel
analyzer.
Th was separated from stored uranyl nitrate
according to the method adopted by Ishimori et al.
.
Undiluted TBP was used for extracting uranium from 6M HC1
solution where pure
Th remains in the aqueous solution
after successive extractions. 9 Zr and 141Ce were obtained by
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irradiating accurately weighed samples of ZrOCl . 8H 0 and
CeCl .7H0 respectively, at the Egyptian reactor 2M-ET-RR-1
at Inshas. The samples were then dissolved in IN HCl solution
of known volume. A sample of U 0 of known weight contains
enriched uranium was dissolved in HNO solution 1:1 and kept
in a polyethylene bottle. Before use, samples of these solutions were evaporated gently to dryness and then dissolved in
HCl and evaporated again. The final residue was dissolved in
IN HCl.
A spectrophotometer Shimadzu
analyzing arsenazo-I solutions.

UV-120-20

was

used

for

Procedure:
All experiments were carried out at room temperature
(25°±2). Equal volumes (5ml) of both aqueous and organic
phases, were mechanically shaked for 30 minutes. Preliminary
experiments have shown that 30 minutes were sufficient to
attain equilibrium. After phase separation, aliquots were
withdrawn from each phase for radioactivity measurements. The
distribution ratio D was determined as the ratio of the
radioactivity in the organic phase to that in the aqueous
phase. pH of each aqueous phase sample was determined before
and after equilibration using pH meter Orion Research model
601A/digital.

RESULTS AND DISCUSSION
The effect of equilibrium pH on the distribution of
Zr(IV), Ce(III), Th(IV) and U(VI) between aqueous solutions
of arsenazo-I and organic solutions of HDEHP, HTTA, TDA, and
TCMA in xylene is shown in Figs. (1,3,5 and 6). The metal
concentration was held constant at 10" M where, arsenazo-I
concentration was varried to give metal to reagent ratios of
1:1, 1:2 or 1:5. Xylene is shosen as a diluent for the used
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organic extractants because it has the lowest solubility in
aqueous solutions. However, the effect of other diluents as
benzene, toluene, carbontetrachloride and chloroform on the
distribution ratio is studied taking the extraction of zirconium as an example. The results are shown in Table 1. From
this table, it could be seen that the type of the used diluent
has a slight effect on the distribution of Zr between aqueous
solutions of arsenazo-I and the different organic phases.
Extraction with Di(2-Ethylhexyl) Phosphoric Acid:
Fig.(l) represents the extraction of Zr(IV), Ce(III),
Th(IV) and U(VI) with 0.75M HDEHP at different pH values from
aqueous solutions of arsenazo-I. As could be seen from this
Figure, the distribution ratio of Ce(III) increases sharply
with the increase of pH from 0.4 to 1.4 then a gradual
increase is observed. At the same time, the distribution
ratio of Zr(IV) is sharply decreased with the increase of pH,
to reach a negligible value at pH 1.6. With respect to Th(IV)
and U(VI) a gradual decrease is observed.
In all cases, no
extraction of arsenazo-I is found. Increasing the concentration of arsenazo-I from 10" to 5x10" leads to a noticeable
decrease of distribution ratio of Zr(IV) allover the studied
range of pH (D<0.05). The extraction of Ce(III) is also
affected with the increase of arsenazo-I concentration. HDEHP
behaves as a liquid cation exchanger for the extraction of
metal cations. Within the studied pH range, Ce(III) does not
form stable complexes with arsenazo-I 1>12>13 which explains
its high extractability^whereas the decrease of the distribution ratios of the other cations may be attributed to the
increase of the stability of their complexes with arsenazo-I
with the increase of pH.
Different studies "
revealed that HDEHP is present
as stable dimer in nonpolar solvents. Fig.(2) shows the relation between the hydrogen ion concentration, the HDEHP concen-
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Table 1: Effect of diluents on the extraction of Zr(IV) with
HDEHP, TCMA and TDA from solutions of arsenazo-I
at equilibrium pH 1.4, 1.35 and 2.5 respectively
Diluent

Benzene
Toluene
Xylene
Chloroform
Carbontetrachloride

HDEHP
(0.75M)
0.76
0.85
2.00
0.75
1.20

TCMA

TDA

(0.656M)

(0.314M)

3.16
3.88
6.50
4.44
7.00

16.64
19.84
18.85
16.50
16.37

0,0

0.4

0.8

1.2

1.6

2.0

2.4

Fig.(1 ): Effect of pH on the extraction of Zr (IV),
C e ( H I ) f T h ( I V ) and U(VI) w i t h 0 . 7 5 M
HDEHP in xylene from a q u e o u s solutions
of

arsenazo-I

HDEHP[M]
10 -2

10

I

J0

I

o [ H ],[HDEHP]±0.75M
• IHDHP], pH=1

10

10'

2

D

10

10

10
10-2

I

'

'

I

»

1 1 1

Fig.(2):Relation between[H*]f[HDFHP]and distribution
ratio of Ge(III) between HDEHP in xylene
and arsenazo- 1 aqueous solution.

[Ce(HI)l int .

tration and the distribution ratio of Ce(III). Slope analysis
of this figure may indicate that, the extraction of Ce(III)
can be represented by the following equation:
Ce

aq

+

3

{(HDEHP) 2 | (

) jce((HDEHP) 2 j 3 |

+ 3H

aq

where, (aq) and (o) refer to the aqueous and organic phases
respectively.
Extraction with Thenoyltrifluoroacetone (HTTA):
In absence of complexing agents in aqueous phase, the
extraction of metal ions as chelates with TTA in organic
phase can be represented by the following equation:

M

aq

+ n HTTA

{

}Q <

> "{(TTA)^^ + n H+ q

Except U(VI), where its complex with TTA has the composition
U(TTA) .HTTA.(16)
The effect of pH on the distribution ratios of the
studied metal ions is represented in Fig.3. The distribution
ratio of U(VI) shows a slight increase with the increase of
pH from 0.8 to 6.0,whereas in case of Th(IV) a sharp increase
of the distribution ratio, is observed with the increase of
pH up to pH~2, then the distribution ratio decreases with
further increase of the pH value.
In case of Zr(IV), the distribution ratio decreases sharply
with the increase of pH from 0.7 to 2.2. This decrease in D
value can be related to the formation of the stable water
soluble complexes with arsenazo-I in competition with the
extracting agent i.e. TTA. The stability of these complexes
increases with the increase of pH due to the increase of the
complexing ability of arsenazo-I through the gradual increase
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10

10

utvi

o

[M] :[arsenazo-ll

10

10

1 : 1 1 :2 1 :5 ""

O Ce(III)
Zr(IV)

10
Fig.(3):Effect of pH on the extraction of Zr(IV),
Ce( III),Th (IV) and U(VI) with 0.25 M
HTTA in xylene from aqueous solutions
of a r s e n a s e - I

of dissociation of its different analytical groups which may
be indicated by the following acid-base equilibria*17'18*:

pK

=4.01

3-

H.L
o

7.42
H

2L

4-

Dissociation of^one
naphthalenic OH

Ionization of sulphonic
groups and one proton of
the arsonic acid group
pK - 8.50
4
L
H?
f
Dissociation of the
second proton of the
arsonic group

=9.79

HI/
Dissociation of the
second naphthalenic
OH

These equilibria may be shifted in presence of metal
cations. The distribution ratios of Ce(III) are relatively
low and have more or less the same values. Increasing the
concentration of arsenazo-I from 10" to 5xlO~ M, causes a
further decrease of the distribution ratio of Ce(III). This
low value of Ce(III) distribution ratio is attributed to the
nonextractability of Ce(III) with TTA under the studied
conditions, but not to the formation of arsenazo-I complexes.
Complex of Ce(III) with arsenazo-I is stable at higher pH
values 5-9 l . However, the further decrease of distribution
ratio with the increase of arsenazo-I concentration in this
case, as well as in case of the extraction with HDEHP, may be
attributed to the formation of small fraction of Ce(III)arsenazo-I complex in presence of higher concentration of
arsenazo-I.
Extraction with Tridodecylamine (TDA) and Tricaprylmethylammonium Chloride (TCMA):
The extraction behaviour of arsenazo-I as well as the
extraction behaviour of the aforementioned metal ions from
solutions of arsenazo-I of different metal to reagent concentration ratios with 20 V/o TDA and 30 V/o TCMA in xylene was
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studied as a function of equilibrium pH. The obtained results
are represented in Figs. 4-6. Generally, the extraction of
metals by amines may proceed via either of the two following
mechanisms:
i- Adduct formation mechanism
Mn+ +

-> I M L 1

nL

aq

t{

ML

aq

HOT
O

n}
v

>

'o

{

n
^

}
'O

where index (aq)=aqueous and index (o)=organic phase.
A neutral metal complex is formed in the aqueous phase
which is transfered to the organic phase, where it reacts
with the ammonium salt.
ii- Ion exchange mechanism

M

aq + < n+n » L aq ,

m-

{ ML n + m} aq

The metal ion forms one or more anionic complexes in the
aqueous phase which are in turn exchanged with the anions of
the organic phase. However, both mechanisms represent true
ion exchange with respect to the equilibrium state, and both
are not distinguishable on the basis of equilibrium measure(19)

ment which has clearly been pointed out by Coleman
. It is
20
also reported
that, concerning the metal species occuring
in the quaternary ammonium salt systems, it seems to be no
great difference compared with tertiary ammonium salt systems

TCMA* Complete extraction from
pH=1.2-5.2

10'

10

10o

—1

10
pH
Fig.(4): Effect of pH on the e x t r a c t i o n of arsenazo-I
from aqueous solutions at10 3 Mwith 20%>TDA
and 30% TCMA in xylene.
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[M]=[arsenazo-l]

Fig.(5): Effect of pH on the extraction of Zr(IV), Ce(III),
Th (IV) and U(VI) with 20% TDA in xylene
from aqueous solutions of arsenazo- I •
90

10
Th(IV)

U(VI)

10

[M] :[arsenazo-I]

10

:2

Ce (III)

10

i

1

2

pH
Fig.(6): Effect of pH on the extraction of Zr(IV),Ce(III),
Th(IV)and U(VI) with 30 °/o TCMA in xylene from
aqueous solutions of arsenazo-I

Fig.4 represents the effect of equilibrium pH on the distribution ratio of aesenazo-I between aqueous solutions and
organic phases. As can be seen from this figure, complete
extraction of the reagent is found at all range of the
studied pH with TCMA under the studied conditions. On the
other hand, the increase of pH increases the extraction of
the reagent with TDA to attain a maximum at the pH range 2.54.5, followed by a decrease in the distribution ratio as the
pH is further increased. Generally, tertiary amines extract
acids over a wide range of acid concentration as:
+ HL
aq

*

|R 3 NHL1
3

M

v
/o
This relation depends, among other factors, on the identity
of the anion L . The selectivity between anions is directly
related to the following equilibrium:

{ R 3 N H L } o + HX aq , = > { R 3 N H X } o+

HL

aq

or in case of quaternary ammonium salts,

The order of selectivity for simple anions is in accordance with that in anion exchange resins.
The gradual increase of the distribution ratio at low pH
values may be attributed to preferential extraction of HC1,
followed by the exchange of arsenazo-I anions for Cl as the
pH increased. As the pH is further increased, TDA as tertiary
amine, reverts to the free-base form by hydrolysis, which
explains the decrease in the distribution ratio of arsenazo-I
at high pH values. Fig. 5 shows the effect of pH on the
extraction behaviour of the studied metal ions by TDA. The
extraction of metal complexes has more or less the same
feature as the extraction of arsenazo-I. The extraction of
the studied metal complexes was found to have the order Zr(IV)

>Th(V)> U(VI)>> Ce(III) at the studied pH range. Increasing
the M:L ratio from 1:1 to 1:5, gives a slight increase of the
extraction in the two studied cases Zr(IV) and Ce(III). In
case of Ce(III), the distribution ratio is of the order of
10 at all the studied pH range. Increasing the concentration
of arsenazo-I five folds,increases the D values very slightly,
simultaneously complete extraction of arsenazo-I, as measured
spectrophotometrically, is observed. This reflect the high
instability of Ce(III)-arsenazo-I complex at this pH range.
The extraction by TCMA is represented in Fig.6. The distriblition. ratio of Zr(IV), Th(IV) and U(VI) increases with
the increase of pH value and has the same order as in case of
the extraction by TDA. Ce(III) has almost the same behaviour
as in case of TDA. The effect of arsenazo-I concentration on
the extraction of Zr(IV) and U(VI) with TDA and TCMA was
studied and the obtained results are represented in Figs.7
and 8. Slope analysis of these two Figs, indicate that the
extracted complexes in either TDA or TCMA are 1:2 for Zr(IV)
and 1:1 for U(VI) respectively. The effect of amine concentration on the extraction of Zr(IV) and U(VI) is also studied
where Figs. 9 and 10 show the obtained results. From the
slope analysis of these Figs., it can be deduced that, one
amine molecule is participated in the extraction process.
Complexes of metal ions with the analytical groups of arsenazo-I have two possible structures which may be assumed as
reported:
0

I
Structure I is assumed for ML complex whereas
Structure II is assumed for ML ? complex
However, the two complexes should have overall negative
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A Zr(IV),
# U(VI),pH 2

S ~

"I
10
10 5
[Arsenazo-I
(7): Effect of arsenazo-I concentration on the extraction of
U(VIland Zr(IV) with 20%
IDA in xylene.

10

r

i

[Arsenazo- IJ M
Fig.(8):Effect of arsenazo-I concntration on the extraction of
U(VX) and Zr(IV) with 30%
TCMA in xylene

10 U

A

•

A
*

Zr(IV),pH 2
U (VI),pH 2

Z r l l V l - pH 1.5
U ( VD/PH 1.5

S= 1

-1

10

10
10

Fig.(9):Effect of [TDA] in xyiene on
the extraction of U(VI) and
Zr(IV) from arsenazo - I
s o l u t i o n s of M :L = 1 -1 •

10 2

[TCMA];M
Fig.(10): Effect of SIC MA] in xytene on
the extraction of UiVI) and
ZrllVlfrom arsenazo - I
solutions of M-. L = 1--1 •

charges owing to the presence of the two sulphonic groups in
the reagent which enables their extraction by amines.
From the data obtained in this study, some interesting
alternatives for the separation of the studied elements may
be recommended. Thus, in case of HDEHP, Ce(III) could be
separated from Zr(IV), Th(IV) and U(VI) at pH 2=1.6 with
separation factors [a= DCe(III)/D M ) | >10 4 , 5xlO3 and 2.5xlO2
respectively.
At the same pH value, U(VI) and Th(IV) could be separated
from Zr(IV) with separation factors 200 and 90 respectively.
In this system, arsenazo-I is not extracted in the organic
phase, accordingly, Zr(IV) could be determined spectrophotometrically in the aqueous phase after the extraction of the
interfering ions especially Th(IV). High separation factors
were also obtained in case of extraction with HTTA. Thus,
Th(IV) could be separated
from Zr(IV) and Ce(III) at pH 2,
with separation factors ~550 and 8x10 respectively. Moreover,
higher separation factors were also obtained for uranium from
both Zr(IV) and Ce(III). Interseparation between U(VI) and
Th(IV) is also possible with separation factor ~7. In the TDA
system, Zr(IV) may be separated from both U(VI) and Th(IV)
with a separation factor ~40, if the extraction is carried
out from arsenazo-I solutions at pH ~1.5. A much higher separation factor (>7xlO2) for Zr(IV) from Ce(III) is observed at
a wider pH range (2-4). A very good separation of Th(IV) or
U(VI) from Ce(III) is also possible at pH ~3 as could be
observed from Fig.5. In case of the extraction with TCMA,
Zr(IV), Th(IV) and U(VI) may be separated from Ce(III) with
separation factors 200, 100 and 20 respectively. Zr(IV) may
also be separated from Th(IV) if the extraction is carried
out at pH 1.2 where the value of separation factor in this
case is ~30.
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DISTRIBUTION OF RADIONUCLIDES BETWEEN
SOME SOLVENTS AND FILTER PAPERS
1- Principles of the Method and a Study on
Sb(V) Isotopes
N.ZAKAREIA, M.NOFAL F.H.E1-SWEIFY, A.ALIAN*
Hot Labs. Centre, Atomic Energy Authority,
P.O.Box
13759, Cairo Egypt.

ABSTRACT
A study is carried out on the extraction of Sb(V) chloride by the organic solvents benzene, toluene, xylene, nitrobenzene, cyclohexane, chloroform, and carbontetrachloride from H2SO4 solutions. Extraction with
aromatic hydrocarbons is much higher than with the aliphatic ones; the
first being II-acceptor (II-acid) ligands. The results of the distribution of
Sb(V) between these solvents and filter paper are also reported. Adsorption
on the filter from nitrobenzene is very low, perhaps due to additional
bonding with the nitro-group. The percent desorption of Sb(V) from the
filter paper by 1M HC1, 1M HNO3 and 0.5M H 2 SO 4 is 94, 87 and 93 percent, respectively.
INTRODUCTION
A procedure was described (*) for the separation of thorium-234
(UX1) from uranyl nitrate by dissolving the latter in diethylether and placing the solution in a beaker contanining a filter paper at its bottom; UX1
was almost completely adsorbed on the filter paper and could be eluted
therefrom by a dilute acid solution. This idea can be generalized to involve
other isotopes and solvents. In the present work, a study is conducted on
the distribution of the radioisotopes of antimony ( l ^ S b an( j 124$^ j n t n e
* To whom correspondance should be addressed

pentavalent state between the organic solvents (benzene, toluene, xylene,
nitrobenzene, cyclohexane, chloroform and carbon tetrachloride) and filter
papers.
EXPERIMENTAL
Reagents and Methods
Antimony solutions. A mixture of antimony-122 and antimony-124 was
obtained by irradiating metallic antimony of high purity in the Egyptian
Research Reactor I at Inshas for 48 hr. Approximately 50 mg of irradiated
antimony were dissolved by heating with a mixture of concentrated sulphuric acid and nitric acid (1+1) till dissolution of antimony was complete. The
solution was then heated till fuming and then cooled and diluted with 6M
hydrochloric acid. All acids and reagents used were analytical grade reagents. Whatmann 41 filter paper was used.
Extraction of Sb(V) by Various Solvents
The effect of sulphuric acid concentration on the extraction of Sb(V) by
the various solvents from 0.15M HCl was determined by carrying out a series of experiments in stoppered glass tubes. Two ml of the aqueous phase to
which 50 JLII of the tracer solution has been added, were mixed at room
temperature with an equal volume of the given solvent for one hour. The
layers were then separated by centrifugation. The distribution ratio E was
evaluated as the ratio of the specific activity in the organic phase to that in
the aqueous phase. On the basis of the data obtained from the above experiments (Fig.l), antimony(V) was extracted by 45 ml of each solvent
from an equal volume of its solution in 10.8M sulphuric acid in a 150 ml
pear-shaped separatory funnel.

OQ

2 0

H 2 SO 4 ,M
Fig.l. Variation of the distribution ratio of radioantimony(V) chloride
with sulphuric acid concentration for extraction with the solvents:
B=benzene, T=toluene, X=o-xylene, NB=nitrobenzene,
C=cyclohexane, CCl4=carbon tetrachloride and CHCI3 (chloroform).
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Adsorption on Filter Paper
Two equal portions (10-ml each) of the loaded solvent from the last
extraction were transfered to two similar 50-ml glass beakers, one of them
having at its bottom a filter paper with the same diameter of the beaker.
Each beaker was then covered with a watch glass and 1-ml portion was
taken by a pipette into a test tube at various periods of time, counted for its
radioactivity and returned back to the respective beaker. To study the
desorption of antimony from the filter paper, the organic solvent above the
paper was removed, 10 ml of 1M HCI, 1M HNO3 or 0.5M H2SO4 were
transfered to the beaker and 1 ml portion was taken at various periods of
time, counted and returned back to the beaker. Each adsorption or desorption experiment was performed in duplicate.

RESULTS AND DISCUSSION
In Fig.l are shown results on the effect of sulphuric acid concentration
on the extraction of Sb(V) by the various solvents at a constant initial
hydrochloric acid concentration of 0.15M. It is clear that extraction of
Sb(V) with aromatic hydrocarbons is much higher than with the aliphatic
ones. This cleary indicates that the mechanism of extraction' 2 ' ) involves
coordination between the Sb(V) ion and the II-acceptor (II-acid) ligands to
form so called II complexes v ) . In such complexes both donation and backacceptance by the solvent are accomplished by use of solvent II orbitals. In
these complexes the antimony atom lies out of the molecular plane of the
solvent (ligand). Zeiss et alA^) have reported on the properties of similar
benzenoid-metal complexes and on the methods of their preparation. For
Sb(V), extraction, at strong sulphuric acid molarities, takes place in the
order nitrobenzene >xylene>toluene>benzene >CHCl3 -CC14 -cyclohexane.
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The extraction level here is somewhat higher than from its level previously found w), evidently due to the higher chloride concentration used
here (0.15M instead of 0.025M in the previous work).
Adsorption of Sb(V) on the Filter Paper from Various Solvents
The adsorption of Sb(V) on the filter paper was investigated under the
same conditions. The results for the 3 aromatic hydrocarbons are shown
in Fig. 2. In all cases the adsorption of Sb(V) on the filter paper is high.
The overall rate of adsorption is highest from benzene and lowest from
xylene; toluene occupies an intermediate position between benzene and
xylene. This implies that the level of holding Sb(V) by the aromatic
hydrocarbons increases in the order benzene < toluene <xylene. The
results on the adsorption of Sb(V) on the filter paper from nitrobenzene
and cyclohexane are presented in Fig.3 and Fig.4, respectively. These results show that the adsorption of Sb(V) on the filter paper from the saturated hydrocarbon is similar in trend to that from the three aromatic
hydrocarbons. The difference between the aromatic and saturated hydrocarbons is large only for the adsorption of Sb(V) on the walls of the glass
of the beaker; while adsorption on these walls is negligible for the aromatic hydrocarbons, it is appreciable for cyclohexane. In the latter case the
contribution of adsorption on the filter paper is only little. On the other
hand, adsorption on the filter paper from nitrobenzene is very low except
after the elapse* of one day (Fig.3). This might imply additional bonding
between Sb(V) and the nitro-group of nitrobenzene.
The results on the adsorption of Sb(V) by the filter paper from
chloroform and carbon tetrachloride are shown in Fig.5. From these results one can notice high adsorption on the filter paper compared to a adsorption on the glass. In case of carbon tetrachloride the experiment was
not continued beyond 90 minutes due to the dissolution of the filter paper
itself in the solvent after this time.
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Fig.2. Effect of contact time on the depletion of radioantimony(V) activity
in aromatic hydrocarbons in absence(o) and presence (®) of filter
paper.
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In general adsorption on the filter paper material (cellulose) can be
explained as bonding to the oxygen of cellulose.
Desorption of Sb(V) from the filter paper.
The results for desorption of Sb(V) from the filter paper by 1M HC1,
1M HNO3 and 0.5M H2SO4 are shown in Fig. 6. The counting rate of the
filter papers before immersion in the three acid solutions were 84841,
116283 and 129437 counts/100 sec, respectively. After 27 hours immersion, the activity of the three filter papers, removed from the respective
beakers was 5506, 14608 and 9522 counts/100 sec, respectively. The percent removal of Sb(V) is thus about 94, 87 and 93 for the three acid
solutions, respectively.
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INFLUENCE OF DILUENTS ON THE EXTRACTION BEHAVIOR OF
Eu(in) AND Tm(III) BY THENOYLTRIFLUOROACETONE AND/OR
18-CROWN-6 OR 15-CROWN-5 FROM NITRATE AQUEOUS MEDIUM

F.A.SHEHATA, N.EI-HEFNY and H.F.ALY
Hot Laboratories Centre, Atomic Energy Authority, 13 758,Egypt

ABSTRACT
The effects of different diluents on the synergistic extraction of Eu(III) and
Tm(III)

by thenoyltrifluoroacetone (HTTA) and/or 18-crown-6 or 15- crown-5

was investigated from nitrate aqueous medium (\i-0.2).
For these systems, it is found that the diluent affect the extracted species in
the organic phase. The composition of the extracted species have been proposed
on the basis of slope analysis method. With HTTA alone, the stoichiometry of
the

extracted

species

was

found

to

be

Ln(TTA)3 or

Ln(NO 3 )(TTA)2(HTTA) where Lns Eu(III) or Tm(III). With HTTA-Crown
mixture the

extracted species were Ln(TTA)3.CE or

Ln(NO3)(TTA)2.CE.

The respective extraction and formation constants were evaluated. The variations
obtained in the distribution was explained in terms of the interactions between the
solute and

the diluents. Correlations between the extraction and formation

constants of the extracted species of Eu and Tm and the physicochemical
parameter of the diluents used were given and discussed.

INTRODUCTION
A great deal of interest has been focused on the synergic extraction of
lanthanide elements, especially in a combination of p-diketone and a neutral
donor ligand (1"5X
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The degree of synergism depends not only on the properties of extractants or the
aqueous medium, but also on the kind of organic diluent. Akibaetal (6) have
studied the effect of HTTA(HA) chelate of Eu(III) with a strong oxygen donor,
tri-n-octylphosphine oxide (TOPO,S). They found that, EUA3 chelate forms two
types of synergic adducts, EUA3.S and EUA3.2S. In addition, adduct formation
constants determined in thirteen diluents were found strongly diluent-dependent.
Solvent extraction studies have been carried out (7) on aqueous complexes of
La(III), Eu(III) and Ln(III) with macrocyclic ligands DAPDA (1,7-diaza4,10,13-trioxacyclopentadecane-N,N'-diacetic
acid) and DACDA (1,101
diaza,4,7,13,16- tetraoxacyclooctadecane-RN -diacetic acid) using TTA as the
extractant in chloroform, nitrobenzene and benzene. Results of the effect of the
diluents on the extraction of lanthanides complexes appear that, nitrobenzene
with high dielectric constant, favors the extraction of ion pairs instead of the
mixed complexes observed with the inert diluent benzene.
Relatively little data have been reported for extraction of lanthanides with
HTTA and neutral donor ligands from nitrate medium (8I0) .
To gain better understanding of the nature of extracted species in the system
Ln3+-TTA-CE-NC>3 , it is desirable to carry out the solvent extraction studies in
the diluents of different dielectric constants and natures.
The present paper report the results of synergic extraction studies on Eu 3 + and
Tm3+ complexes from nitrate medium in nine diluents. 18C6and 15C5 were
employed as macrocyclic Iigand in this work for comparsion purposes.
Convenient relations are presented between equilibrium constants and physical
properties of diluents.

EXPERIMENTAL
Reagents:
All chemicals and solvents were of analytical reagent quality (AR) and
used without further purification. 2-Thenoyltifluoroacetone (HTTA) was
obtained from Fluka. 18-crown-6 (18C6) and 15-crown-5 (15CS) were supplied
from Sigma chemicals. Chloroform, toluene, chlorobenzene and trichloro-
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ethylene were a product of BDH, England. Nitrobenzene was a product of Merk
and benzene was supplied by Adwic laboratory chemicals. O-Dichloro- benzene
was

obtained

from

Veb.Laborchemie

Apolda,

carbontetrachloride and

cyclohexane were from Reanal.
The radioactive thalium , n o j m , and europium , 152>154Eu , tracers were
prepered by neutron irradiation ofspectroscopically pure Tm2O3 and EU2O3 in
the ARE-RR-1 reactor at Inshas and used in concentration <10-5 M.
The aqueous phases used were sodium acetate - acetic acid solution (0.001M
acetate buffer) contained 0.2M NaNO3 to fix the ionic strength . The pH was set
at 3.5± 0.01 except when studing the effect of [H + ] . The organic phases
contained different extractants of known molar composition diluted with different
solvents used.
Distribution ratios were measured after mixing equal volumes of the organic
and aqueous phases for 30 min.(enough to achieve equilibrium) at 25±1 °C using
a thermostated shaker. All aqueous solutions and solvents were pre-equilibrated
with each other before distribution experiments. The distribution ratio,D, was
calculated from the ratio of the counting rate in the organic and the aqueous
phases, respectively. The counting rate

representing the concentration of

respective cations was measured radiometrically using a multi-channel analyzer
coupled with a well-type Nal(Tl) scintillation detector.

RESULTS AND DISCUSSION
The effect of nine diluents on the extraction of both Eu(III) and Tm(III)
from aqueous nitrate medium by either HTTA alone or mixed with 18C6 or
15C5 was investigated. In absence of the crown ethers, slope analysis for
experimental results of the effect of [H + ], [HTTA] and [NO3] on the
extraction of the two cations were experimented. The results showed that,
two different extracted species were obtained for the diluents used.
When using nitrobenzene,O-dichlorobenzene,

chlorobenzene and

chloroform as diluents, the results showed that, both Eu and Tm chelates
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contain 3 mol of HTTA (slope=3),

three mol of H+ are released in the

aqueous medium (slope= -3) and no NO3 ions are present in the extracted
species (slope=0).
From these results the extraction equilibrium could be represented by :

Ln3+ + 3HTTA 7 — ^

Ln(TTA) 3 + 3H+

(1)

(bars refer to organic phase and Ln= Eu or Tm)
with an extraction constant, K 30 , given by
K3o-D[H+]3/[HTTA]3

(2)

The second trend was obtained when using benzene, toluene, trichloroethylene, carbon tetrachloride and cyclohexane, where the results showed
that, although either Eu or Tm extracted species contain 3 mol of HTTA
(slope=3) ,only 2 H +

are released in the medium (slope= -2) and one NO3

ion is present (slope=l). This indicates the presence of one undissociated
HTTA molecule.
Therefore, the extraction equilibrium can be represented by:
Ln3+ + 3HTTA + NO 3 7 — ^ Ln( NO 3 )(TTA) 2 HTTA + 2H+

(3)

and the extraction constant ,K2i, given by:
-2

K21 = D[H+] 2 / [HTTA] 3 [NO"3]

M"

(4)

To assess the synergic ability of the crown ethers on the extraction of Eu
and Tm chelates, the molar variation method was applied for different diluents
investigated.

In this concern, synergic extraction of both Eu(HI) and Tm(III)

from aqueous nitrate medium at pH=3.5 with constant ionic strength of 0.2 M
NaNO3 by various molar ratios of HTTA mixed with 18C6 or 15C5 at a
constant total molarity of 0.05 were investigated for all diluents used. Figures
l&T represent the variations of distribution ratio,D, with the composition of
the organic phase for Eu and Tm. In all cases, the maximum distribution
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Fig. 1. Relation between log D and the organic phase
composition used for the extraction of Eu(III)
by different diluents of HTTA and CE (18C5 or
15C5) from nitrate aqueous medium of constant
3.5
= 0.2 NaNO at pH
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ratios of the respective extracted mixed species for each investigated system
were obtained at a composition around 4:1 or 3:2 for diluents used.
The sequence of the distribution ratios as related to the crown ether was
found to be 15C5 > 18C6 and as related to the metal element was found to
be Tm > Eu .
Detailed studies for the different parameters affecting the mixed extraction
are invetigated.The effect of [H+],[HTTA],[CE] and [NO3] when fixing three
of these parameters was obtained. Slope analysis of the obtained results for
both Eu(III) and Tm(lXI) shows that, two different complexes are formed.
According to the results obtained, the first main species extracted when
using nitrobenzene,

O-dichlorobenzene,chlorobenzene and chloroform as

diluents can be represented at equilibrium by:
Ln3* + 3HTTA + C E ^ — » Ln(TTA) 3 .CE

+ 3H+

(5)

where C E = 18C6or 15C5
with the extraction constants ,K.3i, given by :
Kai = D [H+J3 / [HTTAJ3 [CEJ

M

-i

(6)

When the other five diluents (benzene, toluene, trichloroethylene, CCI4 and
cyclohexane) are used the other extracted species is Ln(NO3)(TTA)2.CE and
the extraction equilibrium can be represented by:
Ln(NO3)(TTA>2.CE + 2H+

(7)

with the extraction constant ,K 2 n, given by :
K m - D[H+] 2 / [HTTA]2lCEl[NOj"]
The extraction constants, K3©,

-2

M"

K21, KJI and K m

(8)
for each system were

calculated according to eqn. 2,4,6 and 8 and listed in Table 1.
Diluents are listed in decreasing order of their dielectric constant (e) and
solubility parameter (5org )•
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Table 1. Extraction constants of Eu extracted for EU-TTA-CE system in
different diluents.

8o^

Diluent

logKao
EU-TTA

Nitobenzene
o-Dichlorobenzene
Chlorobenzene
Chloroform
Trichlorobenzene
Toluene
Benzene
Carbon tetrachloride
Cyclo hexane

34.82
9.93
5.62
4.90
3.40
2.38
2.28
2.23
2.05

* E » dielectric constants

10
10
9.5
9.3
—

Eu-TTA

log K31

log K21 1

EU-TTA
15C5 18C6

Eu-TTA
15C5 18C6

-5.44

-2.82

-6.89

-3.79 -4.05
-4.35 -4.39
-4.75 -4.81

-7.82
-7.71

-3.17

-1.51
-1.62
-1.39
-1.74
-1.2

-2.22

8.9
9.2
8.6
8.2
; 8org

log K2i

-3.03
-2.74
-2.76
-1.96
s

-1 .72
-1. 19
-1. 77
-1 .89
-0 .79

solubility parameter

Table I1. Extraction constants of Tm extracted for Tm-TTA-CE system in
different diluents.

Diluent

8*

Oorg

logKao

log K 2 i

log K31

IogK2n

Tm-TTA

Tm-TTA

Tm-TTA

Tm-TTA

15C5^18( 26

Nitobenzene
o-Dichlorobenzene
Chlorobenzene
Chloroform
Trichlorobenzene
Toluene
Benzene
Carbontetrachloride
Cyclohexane

34.82
9.93
5.62
4.90
3.40
2.38
2.28
2.23
2.05

10
10
9.5
9.3
.—

-5.21
-6.83
-6.64
-6.98

-2.70
-3.52
-3.82
-3.92
-2.16
-2.15
-2.26
-2.29
-1.79

8.91
9.2
8.6
8.2
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15C5 18C6

-2 .91
-3 .75
-3 .9
-4 .08
-0.89
-0.89
-0.86
-0.92
-1.0

-1.24
-1.24
-1.08
-1.21
-0.6

As can be seen from the table,the lower extraction constants for Eu and Tm
with first group diluents compared to those for second group diluents are
probably related to the stronger complexation of Ln3+ with the former ligand.
Extraction constants varies for both ligands in the order: nitrobenzene > O-dichlorobenzene> chlorobenzene > chloroform for both Eu and Tm,while with
the second group

diluents, different trend was obtained. Thus, for Eu

extraction by HTTA-15C5 mixture, the extraction sequence is cyclohexane
> benzene > tricloroethylene > toluene > CC14 and cyclohexane > trichloroethylene > benzene > CC14 > toluene by HTT A- 18C6 mixture.
For Tm the extraction sequence is benzene >trichloroethylene > toluene >
Ccl4 > cyclohexane for the extraction by HTTA-15C5 and cyclohexane >
benzene >CCl4 >toluene >trichloroethylene for the extraction by HTTA18C6
Attemtpts to correlate the extraction constants with a physical property of
the diluents used (dielectric constants or solubility parameters) were all
unsuccessful. The trend observed that, when the different constants were
correlated with the dielectric constant, e, a linear relation was obtained with
diluent of higher e

than chloroform for both Eu and Tm ,Figure 2&21. For

diluents with e less than chloroform a high scattered relation was obtained.
A useful way to characterise a solvents employed in extraction of metal
chelates or adducts is to combine the distribution ratios with the properties of
the diluents. Shmidt et al ( I I ) have introduced the empirical diluent parameter
(DP) as a "universal constant" characterizing the diluent as
log D - K + a. DP
where

(9)

D is the distribution ratio, K and a are constants characteristic of the

extraction system and DP is the parameter that characterizes the dilunt. Based
on this concept, a DP was investigated in the present work. This parameter
was obtained from the distribution measurements with HTTA alone or
HTTA-CE mixture in different diluents,relative to the value with chloroform
as the reference.
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Fig. 2. Variation of the dielectric constant of the nine
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DP - lOgD - lOgDfcehWo™

(10)

This correlation was based on very low distribution ratio in chloroform
respective to the other diluent. Figure 3&31 represents the relation between
the different extraction constants and the calculated DP for each diluent. It
was found that, the DP were valid for the different diluents used and this
correlation

modified the relation between the diluents and its extraction

constants to a linear relation. Thus it was found that, the chelate or adduct
complexes of the same composition gave a straight line, since the values of 5
differ little regardless of central metal ions ( ! 2 ) .
CONCLUSION
— The stoichiometry and the nature of the extracted species was found to be
different with these different diluents used.
— Two main extracted species were found to formed in different diluents for
the systems

Eu /HTTA /CE / NO 3

and Tm /HTTA ICE I NO 3 . In

nitrobenzene, O-dichlorobenzene, chlorobenzene and chloroform diluents,
the extracted species were Ln(TTA)3 and Ln(TTA)3.CE
- T h e species of the type Ln( NO 3 )(TTA) 2 HTTA and Ln( NO 3 )(TTA) 2 .CE
are formed with diluents of low dielectric constants, trichloroethylene,
toluene,benzene, carbon tetrachloride and cyclohexane.
—Thus the choice of the dliuents is very important not only for synergic
enhancement, but also for the effective separation of complexes with different
compositions.
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Abstract

A recently developed " M o - " m T c gel generator is described . The new
generator is based on the use of zirconium molybdophosphate -"Mo(ZrMoP)
gel in which " M o is chemically combined in the gel structure , where 99myc
can be easily eluted with distilled water or saline. The gel was prepared via
chemical reaction between zirconyl chloride and molybdophosphate - " M o
solutions. The pH of the reaction mixtures was adjusted to 2.5-4.5 with NaOH
Different

gels have been prepared by varying the molar ratio of Mo:Zr.

The effect of pH of the reaction mixture,

time and backing temperature

during digestion was also investigated

in order to optimize the condition of

gel preparation.

-

Molybdophosphate

32

P was used to determine the

phosphorous content in the gel and in the 99mj c eluate.The influence of
temperature

and time of drying

the prepared gel on the " m j c elution

effeciency was also studied.
From the obtained data , optimum conditions for routine preparation of
" M o - " m T c gel generator were as follows : The molar ratio of Mo:Zr :P was
2.18 :1.0: 0.18, pH of the reaction mixture was 2.5-4.5. the reaction mixture
was left at 58°C for 30 min for complete formation of the g e l . The gel was
then dried at 60°C for 20 h . Under these conditions about 80-88% of " m T c
can be eluted with 0.9% NaCI. The eluted " m T c was of high purity suitable
for medical applications.
INTRODUCTION
99mj c i s the most widely used radionuclide in diagnostic nuclear
medicine due to its physical and nuclear properties 0). The most commonly
used " M o - 99mj c

generator is the chromatographic generator in which

purified fission product " M o is adsorped on to an alumina column and the
less bound

" m T c 0 4 eluted at intervals
12U

(2).

But because of the limited

molybdate capacity (20mg Mo/g alumina ) , high specific activity fission
product " M o is required . In fact , separation and purification of " M o
delivered from fission needs high and complicated technology which is not
available for many countries . This has forced countries having low and
medium flux reactor to search for other techniques for production of " m f c .
" M o - " m j c gel generator based on converting low and medium specific
activity of ( n, y) " M o into an insoluble gel which after granulation efficiently
releases "mTc on elution C3*6). The zirconium molybdate gel generator was
first described by Evans et.al. (7),
and more recently the zirconium
molybdophosphate - " M o generator was recently suggested by El-kolaly

The present study describes the influence of formulation variables on gel
properties and performance of this generator using tracer levels of"Mo .
EXPERIMENTAL
Materials: all chemicals used were of analytical grade. Molybdenum - 99
was obtained by irradiation of MoO3 target in the 2MW water cooled ER-1
research reactor at Inshas , Egypt in neutron flux 1.3 X 1 0 1 3 n.cm-2.sec-1.
32
P carrier free was obtained locally.
Preparation Of The Gel:
Molybdophosphate - " M o solution was prepared by dissolving 2g of
irradiated MOO3 in 5N NaOH solution by warming . Two drops of H2O2 were
added to oxidize any reduced molybdenum to hexavalent state and the
excess
was removed by heating . To the above solution , 160mg
NaH2PO4.3H2O dissolved in 8 ml distilled water was then added and the pH
was adjusted to 4.5 with 7N HCI. The formed molybdophosphate was then
added to a well stirred equimolar ZrOCI2.8H2O solution. The temperature of
the reaction mixture was raised
precipitation

to 58°C and kept constant during the

and digestion of the gel with continuous stirring for 30 min.

The gel was then vacuum filtered on a Buchner funnel and air dried in an
oven at 60°C for 20 h.
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Analysis Of The Gel:
The molybdenum , zirconium and phosphorous contents of the solid gel
were determined after dissolving known weight of the dried gel in 5N NaOH
solution . Zirconium was precipitated as solid zirconium hydroxide, which
was filtered off and washed with H 2 O and concentrated NH 4 OH,
then

dissolved in 9M HCI and measured spectrophotometrically as the
(9).

arsenazo-lll complex

Molybdenum and phosphorous

determined radiometrically using " M o and

32

contents were

P as tracers ; water content was

determined by differential thermal analysis (DTA).
Preparation

And

Elution Of Zirconium Molybdophosphate (ZrMoP) -

" M o Gel Generator
ZrMoP gel generator was prepared by loading 1g of ZrMoP - " M o gel on
to the glass column (5mmX25mm) provided with sintered glass disc at its
lower end and filled with nearly boiling distilled water . The column was
washed with nearly boiling distilled water till no activity was detected in the
eluate.

The column was then conditioned with 50 ml saline solution and then

eluated periodically every 24 hours.
"

m

The radionuclidic purity of the eluted

T c was determined from its y - spectrum measured on a y - spectrometer

using pure Ge detector.
RESULTS AND DISCUSSION
A chemically and mechanicaly stable zirconium molybdophosphate " M o gel has been recently reported (8)as a possible generator for 99mj c
m

is a highly insoluble compound of molybdenum from which " TcC>4
separated
indicated

in pharmaceutically

acceptable form.

Previous

can

it
De

studies (3)

that the condition of gel preparation has a great effect on the

generator performance ,

therefore the effect of varying the condition of

precipitation on the gel composition and generator performance has been
studied.
Effect Of Different Mo/Zr Ratios on Gei Composition :
Gels

with different

Mo/Zr ratios were prepared by

adding

molybdophosphate solution to zirconyl chloride solution of different molar
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ratios while the other parameters were kept constant. The formed gels were
dried and analysed for their Mo and Zr contents. The data presented in
Table(1) clearly shows that the Mo content of the gel increases as a result of
increasing the Mo/Zr molar ratio. The same is true for zirconium . The water
content of the gel determined by thermal analyzer DT-40 shows that the water
content presents 20-25 wt% of the dried gels Table(1). Fig.(1) shows the
differential thermal analysis (DTA) of the gel. From this curve , it is obvious
that there is an endothermic peak at 80°C - 160°C, which can be attributed to
the removal of water from the gel . Continuous heating has no effect till
500°C. After that double exothermic peaks appear. This may be due to
phase transformation.
Previous studies 0°. 11 ) indicated that the chemistry of gel precipitation
is complex and nonstiochiometric ; they are more variable than crystalline
compounds which have a definite structure and composition.
Effect Of pH Of The Reaction Mixture On The Gel Composition:
The results of this study are presented in Table (2). It was found that the
Mo content of the gel increases with increasing pH of the reactant mixture
upto 3.5 and starts to decrease with further increase of pH. Zirconium content
was also found to follow the same sequence. Phosphorous content seems to
be unaffected or very slightly affected by varying the pH of the reaction
mixture. This may be due to its small value which does not reach 1 % by
weight of the gel. The water content was slightly decreased with increasing
the pH in case of using Mo : Zr 1:1 or 1:2 molar ratios.
Elution Characteristics

Of Zirconium Molybdophosphate - " M o Gel

Generator:
The effects of varying the pH and Mo/Zr ratio on the elution characteristics
of zirconium molybdophosphate - " M o gel generator are shown in Table(3)
99mj c elution efficiency reaches its high value when the gel was prepared at
pH 3.5, while molybdenum and zirconium contents in the eluate are in the
range of 1.0 and 0.5 ug/ml respectively as determined spectrophotometrically
after 99mj c decay . These values are in complete agreement with what have
been published before (8). The increase of molybdenum content in the
prepared gel improved the elution efficiency of 9 9 m Tc . About 90% of 99™Tc
was eluted from the gel prepared using 2:1 Mo/Zr ratio (Table4); at the same
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Table 1 Effect of Mo/Zr ratio on the gel composition
Mo, Zr and water contents
of the dried gels (%)

Mo/Zr
ratio

Mo
1/2 : 1
1 :2
1 :1
2 :1

Zr

H2O

11.8± 1.02
16 ± 0.8
25 ± 0.8

30 ±2.05
28.3±0.7
20.310.5

35.3± 1.2

16.1 ±0.5

22.16
23
25.3
20.1

±0.6
±0.82
±0.7
+ 0.78

Table 2 : Effect of pH of the reaction mixture
on the gel composition
Mo , Zr ,P and water contents of the gel

pHofthe
reaction- -

1 : 1 Mo/Zr ratio

mix.
Mo

Zr

1 : 2 Mo/Zr ratio

P

Zr

P

water

2.5

25 • 0.67

21 • 0.6 0.89 ± 0.03 25 • 0.46

16 + 0.82 27 + 0.4 0.8*0.02

3.5

35 + 0.58

30*0.7 0.8 £.0.01 22 + 0.69

10 + 0.6

24 ±0.1 0.7±0.015 25 ±0.6

4.5

32 + 0.47

28*0.9 0.8 +0.16 21+0.58

12 + 0.0

28+.0.5 0.8+.0.03

23 + 0.7

19 + 0.9

Table 3 : Effect of gel preparation pH on
elution characteristic
pH of gel

""Tc elution

Mo content

Zr content

3

perparation

effeciency

2.5

85.0 1 2

5 + 0.9

1.3 ±0.1

0.5 +0.01

3.5

86.5+2.6

4t0.7

1.2 + 0.08

0.3 +0.05

4.5

82+1

2 + 0.3

1.5 + 0.06

0.35 ±0.02

10-
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EH

20

220

420

620

Temp. (°C)
F i g . (1) : DTA of ZrMoP gel

129

820

time molybdenum and zirconium release

in the eluate was low compared

with zirconium molybdophosphate or zirconium molybdate prepared at Mo/Zr
1:2 and 1:1.
molybdate
release of

Up to 70 ug Mo/ml were released when using zirconium

gel (3),

which exceeds the accepted limits.

More extensive

Mo was observed at molar ratios 2:1 and 3:1 OO.11).

This

necessitated the use of extra bed of alumina or hydrous zirconium oxide to
adsorb the excess molybdenum (4.12).
No

32

P activity was detected in the eluate .

These low amounts of

molybdenum , zirconium and phosphorous contaminents may be attributed to
the

presence of phosphate ligand which gives stability to the zirconium

molybdophosphate

gel rather than the zirconium molybdate gel,

prevents its hydrolysis and solubility.

hence

The eluted 99nrfc was found to be

chemically and radiochemically pure (Fig.2). About 99% of the eluted 99mTc
was in the 99nrr C 04 f ° r m . " M o impurty was in the order of 1 f> 3 of the 99mj c
activity.
The temperature at which the gel was dried had a great effect on the
elution efficiency

of 99mj c .

it decreases with increase of the drying

temperature as shown in Table (5). It was droped to 60% if the gel was
dried at 120°C. Therefore water conent pjays an important role in elution
process.

It facilitates diffusion of 9 9 m j c o 4 through the gel matrix . Loss of

water causes shrinking and crosslinking of the gel ; so the pore size
becomes
smaller and prevents"mTcO4 diffusion(3)This phenomena
explains also

why successive elution improve elution process as shown

inTable (6) and assure the importance of water content in the gel structure

CONCLUSION
From the previous data, Jt can be concluded that

zirconium

molybdophosphate gel seemed to be the most suitable gel for preparing
-99mTc gel generator using

99

99

Mo

Mo (n,y) product. It has the advantage of high

molybdenum content , high

99m*rc elution efficiency , stability towards

hydrolysis which gives low Mo, Zr and P contamination of the eluted 99mj c
Successive elution improve elution efficiency, hence prolong the generator
life time.
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Table 4 : Effect of Mo/Zr molar ratio on
elution characteristics
99m

Mo/Zr molar

Tc elution

effeclency

ratio

"Mo/99"^
10*

Mo content

3

Zr content

/Ug/ml

/Jg/ml

1 :2

85.6 + 2

3±0.1

1.6 + 0.04

0.5 + 0.01

1 :1

85

+1

5 + 0.5

1.3 + 0.04

0.5 + 0.03

2:1

GO ± 2

1+0.6

0.9 + 0.01

0.3 + 0.02

Table 5 : Effect of drying temprature on
elution effeciency
elution effeciency

drying temp.°C

90 + 2
79 + 4
60+1

60
80

120

Table 6 : Effect of succesive elution on
elution effeciency

E4

time of elution

elution effeciency

88

88

90

92

131

94

c

a

.3 10
•rl

43

O

4

1

2

9
Js'luate volume ( mL )

F i g . (2) : Elution curve for

132

10

So the suggested " M o - " m T c generator was prepared under the
following condition

:-

molybdophosphate - " M o solution added to the

zirconyl chloride solution in molar ratio 2:1 under strong stirring .

The

temperature at which the addition was carried out was 58°C and was kept
constant allover the precipitation process. The pH of the final solution was
adjusted to 3.5.

The stirring was continued for 30 minutes then the formed

gel was filtered, washed with water, finally dried at 60°C for 20 hours.
About 2.5 g of the gel was loaded in a glass column filled with nearly
boiled distilled water.
nearly boiled

The column was washed again with about 200 ml of

water followed by 50 ml saline solution. The column was now

ready for eluting the generated " " i j c every 24 hours.
The column was eluted with about 10 ml saline solution which was
enough to elute about 1.7 GBq of "™Tc(XJ from 1.9 GBq " M o loaded
zirconium molybdophopsphate>- " M o gel . 99mjc elution efficiency upto
87.5% and " M o / " m j c = 1.5 X 10-3 were obtained. More than 99% of the
eluted " m j c was in the form of " m Tc0>7as determined by paper and /or thin
layer radiochromatography

using 100% methyl

developing solvent.
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ethyl ketone (MEK) as
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ABSTRACT

The interaction of 1 3 4 Q S + and 131,133Ba2+ radiotracers (10"4 M for each)
in HCI, HNO3 , NaCI , NaNO3 and NH4CI solutions on 12 - molybdocerate
(IV) has been studied by batch method equilibration at 25±1 °C . The
corresponding distribution coefficients (K^ values in ml /g) were determined
as a function of the composition of the reaction medium and drying
temperature ; 50, 150 and 200 °C of the molybdate matrix.
Under
+
comparable conditions, Cs ions are strongly retained on the adsorbent
material than Ba 2+ ions.
Elution performance of the daughter 137m Ba
(T 1/2 -2.5 min. ) from its parent 137 Cs (Ty 2 - 30 y) was investigated on small
chromatographic columns of the matrix. Based on the obtained data , 2 g
12-molybdocerate (IV), dried at 200 °C, loaded with 1 m Ci 137 Cs / I37mea
milker was prepared. The generated 137m Ba daughter was continuously
eluted by passing a mixture solution of 0.1 M HCI + 0.1 M NH4CI as eluent
through the column bed at flow rates of 1 and 2 ml/min .
Eluate
137m
assessment proved reproducibility of the elution yield ~ 27 %
Ba in 5 ml
eluate. Radionuclidic and chemical purity of the eluate proved to be suitable
for use in nuclear medicine and / or industrial applications.
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INTRODUCTION

Barium - 137m ( T 1 / 2 - 2.5 min, I T - 85%, E ~ 662 keV ) has found many
useful applications in nuclear medicine to measure the velocity of blood
circulation and relative blood volume in organs and in industry for process
control related to fluid flow rates, distribution and leakage of fluids 0" 8 ). It is
the daughter of caesium - 1 3 7 0^/2=30 y), which is a fission product of
137

Because of the long - life of the parent, the

235

U.

Cs / 1 3 7 m Ba generator can be
137m

used for more than a century T h e ultra short - life of

Ba renders it

suitable for the continuous infusion into the circulatory system of a patient
and/or for repeated times bolous injections at one setting.
Ba - 137m is a generator produced radionuclide where,

137

Cs is strongly

retained onto a suitable adsorbing material in the form of a chromatographic
column where the generated

137m

Ba is eluted by passing the proper eluent

2 6 7

through the column bed ( - - ) . A variety of adsorbents including the cation
exchange resin Dowex - 50 ( 9 . 1 °), the anion exchange resin IRA - 900
impregnated

with cobalt ferrocyanide

or

Prussian

( 11 ),

blue

titanium

12

ferrocyanide ( ), stainless steel powder covered with ferro-or ferricyanide ( 13 )
were tested for the preparation of this type of generators.
in

practical

applications
2

phosphomolybdate ( -

14

are

based

on

the

137m

use

Ba generators

of

ammonium

15

) and zirconyl phosphate ( ) as column matrices.

Acid salts of heteropolymolybdates show high affinity towards Cs + in aqueous
solutions ( 16 -

23

) . The present work explores the factors which affect the

sorption of radioactive Cs + and

Ba 2 + from aqueous

molybdocerate (IV) for the preparation of 1 3 7 Cs /

EXPERIMENTAL

All chemicals used were of analytical grade.
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137m

media

Ba generators.

on

12 -

Tracer solutions :
134

Tracers of

Cs and I3i,i33ea were prepared

by thermal neutron

irradiation of the respective nitrate target materials in the 2MW water cooled
ETRRI Research Reactor ( Egypt) for 48h. To convert to the chloride form,
the irradiated targets were dissolved in 2 M HCI solution with gentle warming
till dryness.

The process was twice repeated .

Solutions of

134

Cs and

131,1338a in HNO 3 , NaNO 3 ,HCI, NaCI and NH 4 CI were prepared by proper
dilutions.
Carrier - free

137

Cs /

137m

Ba solution was supplied by the Radiochemical

Centre Amersham (England).

Preparation of 12 - molybdocerate ( I V ) :
12-molybdocerate (IV) in the H + - form was prepared by mixing solutions of
0.9 M sodium molybdate (VI) and 0.075 M ammonium cerium (IV) sulphate in
0.1M H 2 SO 4 in the volume ratio 1:1 under constant stirring as described in a
previous work ( 2 4 ) . The separated precipitate was air dried at 50 °C, packed
into a chromatographic column and converted into the H + - form with 0.1 M
HCI and/or HNO3 solutions. Separate samples were dried at 50, 150 and
200°C , pulverized and sieved to 0.12 - 0.25 mm particles size.
Distribution coefficients:
The weight distribution coefficient ( K^ ml/g ) values were determined by the
batch equilibration method. Amounts of 0.1 g of the adsorbent material were
added

to

10ml

of the

proper tracer

solution

( V/m

-100

)

in a

shakerthermostat adjusted at 2 5 + 1 ° C . The mixtures were shaken over night
to attain equilibrium. The reaction solutions were radiometrically analysed for
their metal ion content before ( AQ) and after equilibration (Af) and for their
[H + ]. K(j values were calculated from the following formula :
!<<,

=t(Ao

- Af ) / A f ] x V/m

ml/g

Separation factors ( a ) were calculated from the corresponding K^ values
of Cs + and Ba 2 + under the same experimental conditions by using the
formula :
a Cs + - uptake :
One gram of the adsorbent was repeatedly equilibrated till saturation with
50 ml of 0.1 M CsCI solutions in 0.1MHCI at 25+.1°C . The uptake is defined

137

as m mol Cs + /g of the adsorbent.
Chromatographic elution of 1 3 7 m B a :
Unless otherwise stated, chromatographic columns of 1g molybdocerate(IV)
dried at 200 °C packed in glass tubes of 0.6 cm i.d and fitted at the bottom
with fused in G - 3 sintered glass filters were used.

The column was

conditioned with 20 ml of 0.1MHCI and loaded with 0.5 ml of 0.1MHCI
containing few drops of

137

Cs /

137m

Ba at a flow rate of 0.1 ml /min . The

column washing was started after 30 min with 50 ml chloride solutions of the
proper composition to remove any residual

137

Cs not adsorbed during the

loading process in addition to other radiocontaminants present in the loaded
sample. Elution was started after 2h, to permit for the
radioactive equilibrium. The growth

137m

137

Cs/ 1 3 7 m Ba

Ba daughter was then milked with

the same washing solution and equal eluate volumes were collected for
assayment.

Radiometric assay:
A Nal ( T l ) scintillation counter was used for routine gamma counting and a
Multichannel

Analyzer

was

used

for

radiometric

identification

and

measurements.

RESULTS AND DISCUSSION

Sorption affinity :
Interactions of the individual 1 3 4 C s + and i 3 i , i 3 3 B a 2 + (lO^M for each) from
HCI, HNO 3 , NaCI, NaNO 3 and NH 4 CI solutions on 12 - molybdocerate (IV)
were investigated by the batch equilibration method .

The studies were

carried out under comparable experimental conditions to make a possible
evaluation of the obtained K^ values for preparation of

137

Cs- 1 3 7 m Ba

generators . Figure 1 displays the K^ values of Cs + and Ba 2 + from chloride
media on the adsorbents dried at 50, 150 and 200°C as a function of the
concentration of HCI and NaCI in the range of 5x10"3 - 2M on a log-log plot. It
is clear that the adsorption of Cs + and Ba 2 + on the adsorbents follows more
or less a cation exchange mechanism ( 17 ). The corresponding K<j values
decrease with increasing [H+]and /or [Na + ] in the equilibrating solutions due to
138

10-

to

•i io 2

10

10"

10

10
Concentration, M

Fig, 1 :

Distribution coefficients of Cs*** and Ba2+ from
HC1 (-••*••-) and NaCl ( -x-x-) media on 12-molybdocerate (IV) dried at 50°C ( a ) ; 150°C (b) and
200°C ( c ) .
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a competition between the respective cations to exchange with H + on the
surface of the adsorbent. At a given composition of the reaction medium, the
sorption affinity of Cs + and Ba 2 + increases with increasing the drying
temperature of the molybdate matrix, in the order 50 °C < 150°C < 200°C,
and the K<j values of Cs + are much higher than those of Ba 2 + ( 2 2 - 2 3 ).
Compared to Ba 2 + , Na + seriously decreases the K^ values of Cs + and ~
0.01 M NaCI is enough to ensure that the maximum sorption plateau of Cs +
will persist in 10"2 MHCI. Figure 2 reveals that the afore discussions also hold
true for the distribution behaviour of Cs + and Ba 2 + from nitrate media on 12molybdocerate (IV) matrices dried at 50,150, and 200 °C.
values of Ba

2+

in solutions > 0.1M NaNO3

are mucn

Except for , K^

higher than in media >

0.1 M NaCI and even it will pass over the corresponding K^ values of Cs + i.e.
the parent nuclide, at > 0.5M NaNO3- In addition , K^ values of Cs + in nitrate
media are lower than in chloride media under comparable conditions . More
or less, there is no difference between the corresponding K<j values of Ba 2 + in
the two acid media. Usually , acidic solutions of ammonium chloride are used
as eluents of 1 3 7 Cs - 1 3 7 m Ba generators ( 2 - 7 . 8 ). Figuer 3 depicts the effect of
N H 4 + concentration in 0.1 M HCI solutions on the sorption of Cs + and Ba 2 + on
12 - molybdocerate (IV) dried at 200 °C . It can be deduced that the
competition between Cs + and Ba 2 + and NH4 + cations to exchange with H + on
the adsorbent surface is more predominant than from the sodium salt
solutions (figs. 1and2 ).
Cs+ - uptake:
One of the most determinant factors in the preparation of radioisotope
generators is the loading capacity of the adsorbent for the ions of the parent
nuclide. In agreement with the afore data, the uptake of Cs + from 0.1M HCI
solutions ( a medium from which Cs + is strongly adsorbed ) on 12molybdocerate (IV) was

found to be 1.23, 1.51 and 1.90 meq/g of the

adsorbents dried at 50,150 and 200 °C , respectively This may be due to the
loss of water of hydration and a consequent increase in the intensity of the
exchangeable

H+-sites and the electrostatic forces of interaction with

increasing the drying temperature of the molybdocerate (IV) matrix. Taking
into account that the parent radionuclide ( 1 3 7 Cs) is only a fission-product,
trace amounts of this element have to be loaded onto the molybdocerate (IV)
column bed. Any of the obtained capacities is sufficiently high to produce
quantitative sorption of the parent nuclide onto small chromatographic
columns of the matrix irrespective of the drying temperature.

1*10

10-

10

ID*

to
* H> 2

cd
>

1
10-?

ID"2

10-1

10°

Concentration, M
Fig. 2 :

Distribution coefficients of Cs+ and Ba

+

from

HMO-. ( - . - . - ) and KalTO, («-x-x-) media on 12-nioly«
bdocerate(IV) dried at 50°C (a);
and 200°C ( c ) .

lUl

150°C (b)

bO

Concentration; M
Fig. (3) •

Distribution coefficients of

Cs+ and Ba2+

from O.Bt HC1 as a function of NiLGl
concentration on 12-moljbdocerate(IV)
dried at 2CX)°C.
lU2

Chromatographic separation of 1 3 7 Cs - 1 3 7 m B a isobars :
The sorption behaviour of Cs + and Ba 2 + was investigated by the batch
equilibration method rather than by the column experiment, to bring in the
data required for their separation . Radiometric analysis indicated that the
parent radionuclide ( 137 Cs) was quantitatively retained onto 1g columns of
12- molybdocerate dried at 200 °C . Table 1 compiles the elution data of the
generated

137m

Ba daughter with 20 ml chloride solutions, of different

composition, at a flow rate of 5 ml/min . It is observed that the use of pure
HCI and mixtures of the acid and 0.9% NaCI as eluents are not efficient for
i37mQa elution from the column . Barium - 137m was eluted In a shallow and
long - tailing profile with a yield of ~ 1 % in 20ml of O.IMNH4CI as eluent.
However, the elution yield and the elution profiles of 1 3 7 m Ba were improved
with increasing the concentration of HCI acid in the 0.1M NH4CI eluent, the
break through of 1 3 7 Cs was increased also. A mixture solution of O.IMNH4CI
+0.1 M HCI was found to be the suitable eluent for 1 3 7 m Ba .

137c s

- W m B a generator :

To prepare the 12-molybdocerate of

137

Cs /

137m

137

Cs /

137m

Ba generator, about 1mCi

Ba in 0.5 ml 0.1 M HCI solutions were loaded onto 2g cloumns

of the adsorbent dried at 200 °C. The procedure of loading, column washing,
conditioning and elution was followed as mentioned before, except that, a
mixture solution of HCI and NH 4 CI(0.1M each) was used as eluent. No

137

Cs

was detected in the effluents collected during the column preparation, which
indicates quantitative retention of the parent nuclide on the column bed.
Figure 4, curves a and b, depicts the elution profiles of the generator
with20x1ml eluent fractions successively collected at flow rates of 5 and
3ml/min, respectively.

Half - life determination of the eluate radioactivity,

gave about 2.5 min( figure 5 ) which correspond to

137m

Ba ( 8 ) . The residual

activity , after a decay period of about 3h, was considered to represent

137

Cs

breakthrough. Figure 4, curves c and d, shows the radiocontaminant of

137

Cs

in each eluate fraction.

As shown in fig. 4, curve a,

137m

Ba has bolous

elution band covering the first 16 ml eluate followed by a continuous elution
tail which will extend over the following eluate volume.

The tail activity

increases at the lower flow rate due to a higher growth of the elutable
(fig.4 curve b ).
Breakthough of

137

137m

Ba

Otherwise, the elution profiles are almost similar .
Cs increases gradually with progress of the generator

Table 1. Elution characteristics of 12 columns with 20 ml chloride
Eluent composition

l37m

separation factor,
+

2+

a = K,,(Cs )/Krf(Ba )

0.1 M HCI
0.2 MHCI
0.5 MHCI
1MHCI
0.9%NaCl + 0.01M
HCI
0.9%NaCI + 0.1M
HCI

137 Q

»137m

at flow rate 5 ml / min
Ba elution yield,

%

13821/64-215
13327/35-403
5524/17-325
2650/6.3-421

0.11
0.19
0.31
0.52

•

0.13

Radionuclidic
purity, %
-

0.17

2903/380-83

0.1 MNH4CI
0.1 M NH4CI+O.O5 M
HCI
0.1 M NH4CI+O.I M 249/0.7-356
HCI
0.1 M NH4CI+O.5 M
HCI

lUU

1.03
35.4

>99.99
>99.99

58

>99.98

94

>87.99

320
280

S 240
CO

200

103
160
120

a x 103
80

8
10
32 14
Eluate volume, ml
Fig. (4) :

16
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20

Elution profiles of 12
generators with a mixture solution of 0.1M m^Gl inO.lM
HC1 as eluent at flow rates 5 (---.) and 3(-x-x)
ml/min; a and b ( ^^Ba); c and d
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Fig. (6) : Continuous elution curves of ^ m Ba with a mixture
solution of 0.1M NB^Cl in O.Ba HC1 at flow r a t e s
1 (a) and 2 (b) ml/min.

elution to approach an approximate constant value (fig. 4curves c and d). The
corresponding radionuclidic purity; the percent of

137m

Ba in the eluate to the

total eluate activity, was found to be > 99.96 %. The elution yield of

137m

Ba,

calculated as the percent of the counting rates in 15 ml eluate compared with
a standard sample of

137

Cs / 1 3 7 m Ba in radioactive equilibrium, was found to

be 62 and 55% at flow rates of 3 and 5 ml/min, respectively.
On the otherhand, figure 6, curves a and b depicts continuous elution
profiles of

137m

Ba obtained at flow rates of 1 and 2 ml/min, respectively. It is

obvious that a steady state o f 1 3 7 m Ba elution/growth equilibrium is obtained
after the first 8 and 10 ml eluate at flow rates of 1 and 2 ml/min, respectively.
Radiometric assessment of the eluate indicated reproduciblity of the elution
yields ~ 27 and 26%

137m

Ba in 5ml eluate with a radionuclidic purity >

99.95%. This mode' of elution is recommended for continuous infusion into
circulating systems in medicine and in industry (2).

The concentration of

interest is maintained in such generators by on - line chemical treatment of
the eluate (8).
The

137m

Ba eluates were spectrophotometrically analysed for the presence

of Mo and Ce from the column matrix ( 25 ). The concentration of Mo and Ce
were found to be under the detection limit of the method.
The performance of 12-molybdocerate-137Cs / 1 3 7 m Ba generators were
examined for a period of 210 days. Each generator was eluted with 3 L (100
x 30 ml) of the acidic ammonium cloride eluent at a flow rate of 1 ml / min.
The results showed that the generator was stable to produce

137m

Ba milk in

the continuous elution mode with reproducible elution yield , radionuclidic and
chemical purity in the order reported above .

- REFERENCES -

(1)

M. A. Bender and M. Blau ; Nucleonics, 2 1 , 52, (1963).

(2)

Radiopharmaceuticals from Generator - Produced Radionuclides,
IAEA/Vienna, STI/PUB/294, (1971).

(3) G. Owens, M.Bender and M. Blau ; Neuro. Surg. , 27, 466 ,(1967).
(4) P. Vernejoul, J.Valeyre and C. Kellershohn, C.r. hebd.Seanc. Acad. Sci.,
Paris, 264,10, (1967).
(5) R. L. Newacheck, L J. Beaufait and E. E. Anderson; Nucleonics,
15,122,(1957).
lUF

(6) Radioisotope Production and Quality control. Technical Report Series No.
128, IAEA, Vienna (1971).
(7) V. I. Spitsyn and N. B. Mikheev. At Energy Rev, 9 ,787, (1971).
(8) V. S. R. Garimella and L. G. Colombetti; Radiotracers For Medical
Applications, CRC Press, Boca Raton, Florida (1983).
(9) R. L. Hayes and W. R. Bulter; J. Chem. Educ, 37 ,590 ,(1960) .
(10) W. Seelmann - Eggebert, C. Keller and G. Zundel, Report KFK - 4 1 ,
(1970) Kernforschung - Szentrum Karlsruhe.
(11) T. Kawashima ; Int. J. Appl. Radiat. Isotopes, 19 , 816 ,(1968).
(12) J. Bastian and K. H. Lieser; Radiochim. Acta, 6, 816 ,(1966).
(13) H. Bernhard and K.H. Lieser, Radiochim. Acta, 11 ,153,(1969).
(14) M. Blau, R. Zielinski and M. A. Bender; Nucleonics, 24 ,90 ,(1966).
(15) J. J. Pinajian ; J. chem. Educ., 44 ,212 ,(1967).
(16) A.CIearfield, Inorganic Ion Exchange Materials, CRC Press, Boca
Raton, Florida (1982).
(17) M. Qureshi and K. G. Varshney, Inorganic Ion Exchangers in Chemical
Analysis, CRC Press, Boca Raton, Ann Arbor Boston (1991).
(18) K.I.N.Rao, K.R.BIasubramanian and J.P.Shukla ; Nuclear and
Radiochemistry Sympasium, Bombay (India), 21-24 Dec. 1992, 1, 314 ,
(1992).
(19) J.Satyanarayama, G.S.Mirthy and N.Dash ; Nuclear and
Radiochemistry Symposium Bombay (India), 21-24 Dec. 1992, 1, 423,
(1992).
(20) A.Movan, J.A.Sonchez-Cabeza , M.Blanco and P.I.Mitchell;
Radiochim. Acta; 62, 159, (1993).
(21) Weng- Haomin, You-Xin: J. Nucl. Radiochim., 14, 184 ,(1992).
(22) J. Smit, R.Van and W.Rabb,; J. Inorg. Nucl. Chem., 26, 509 ,(1964).
(23) C.J.Coetzee and A.J.Van wyk ; J. Inorg. Nucl. Chem., 33, 1501,
(1971).
(24) M.A.EI-Absy, M.A.EI- Enein, M.Raieh and H.F.Aly ; Colloids and
Surfaces, submitted for publication (1995).
(25) E.B.Sandel; Colorimetric Determination of Traces of Metals.
Interscience Publishers, Inc. New York, (1959).

EG9601791

REINVESTIGATION OF THE RADIOPHARMACEUTICAL
PRODUCTION OF RADIOIODINATED LONG-CHAIN
FATTY ACIDS
By
G.EI-Shaboury, M.T.EI-Kolaly and M.Raieh
Labelled Compounds Department
Hot Labs. Centre, Atomic Energy Authority
P.O.Code 13759, Cairo, Egypt
ABSTRACT
An improved and simple radiopharmaceuticals production
technique for radioiodination of w-(Br) fatty acids (w-Br
or I-(CH ) CO-H, where n= 16 to 17 with radioiodine for
myocardial imaging study is described. The technique of
production reported here based on non-isotopic exchange
reaction between the inactive halogenated fatty acids and
lyophilized ethanolic solution of Na 131I
(previously
dispensed in 0.05 M NaOH solution) at 80°C within 3 0 rain, in
super-dry ethanol (dehydrated and redistilled at 78.5 to
80°C over nitrobenzene b.p. 208 to 212°C) . Although there
are considerable radiochemical yield % have been obtained on
using a wide variety of organic solvents as non-isotopic
exchange media such as acetone, methyl ethyl ketone, benzene
as well as di-n-propyl ketone, we have observed certain
problems due to the evaporation of these solvents during the
process of purification. These problems completely avoided
by the initial dissolution
of the reactants in dehydrated
ethyl alcohol which facilitate direct dispensing of the
final radioiodinated fatty in diluted human serum albumin
without any decomposition.
Basically, following the radioiodination process the
radioiodinated fatty acids ethanolic solution is passed
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through out an AgCl-impregnated filter to remove the
unreacted inorganic radioiodine (2 to 5%) . The final pure
solution (containing over 99.0% radioiodinated pure fatty
acid) is dispensed in human serum albumin (4%) and then
sterilized by passing
it throughout 0.22 fim millipore
bacterial filter. The technique is being applied for the
radiopharmaceutical production of radioiodinated-phenyl longchain fatty acids such as iodophenoxy-, and iodobenzamidoheptadecanoic acid.

INTRODUTION
Over the last 20 years radioiodinated long chain fatty
•ft

acids ([ I] FAs) have been established as one of the proper
radioactive compounds proposed
function

to evaluate the myocardium

(1, 2) . That is due to the major energy require-

ments for the myocardium are met by the oxidation of the
long-chain fatty acids on the myocardium regions to a degree
similar to that observed with natural long chain fatty acids
(3) .

Consequently

every

myocardial

disturbance

caused

hypoxia and ischemia or other diffuse damage of myocardium
markedly

influences

the

fatty acid uptake

and

metabolism

(4) . Therefore,the most extensively investigated agents of
this

type

I-labelled

of

fatty

acids

long-chain

fatty

are

the

acids

terminal
(i.e.[w- I]

radioactive
iodo

long

chain fatty acids) such as [w- I] iodohexadecondic acid and
[w- I]

iodoheptadecanoic

which have been used
iodine nuclei

into

acids. Basically

recently

to incorporate

these halogenated
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the main

fatty

route

radioactive

acids

in the

terminal position is the non-isotopic exchange reaction. On
this

manner

the

aim

of

this work

is to validate

a new

reaction system suitable for the radiopharmaceutical preparation

of

radioiodinated

[u- I] heptadecanoic

[o>- I]

acid

iodohexadecanoic

using

super

dry

acid

boiling

and
ethyl

alcohol as a medium for the non-isotopic exchange reaction
rather than the other boiling organic solvents previously
used such as acetons (5), methyl-ethyl ketone (6) or methyln-propyl ketone
performing

(7) , which are often used as solvents for

the non-isotopic exchange reaction between the

radioactive iodine as sodium iodide and the bromonated fatty
acids. It is found to be experimentally(7) that all of these
described solvents have several disadvantages: firstly, the
product must be purified from the degradation products as
well as non-reacted radioactive iodine by various chromatographic methods, secondly, the solution must be evaporated
to dryness to remove even a very small amounts of these
organic solvents used, which if present inhibit the complete1
dispensing of the final product in the human serum albumin
solution, which currently used as a vehicle for the final
product. Therefore, using the super dry ethyl alcohol with
no-carrier

added

radioiodination,
IFAs

diminishes

in

the

whole

purification
all

of

and dispensing

these

simplifies the whole process.

production

process

of the final

disadvantages

Also,

i.e.

and

bromohexadecanoic

also
and

bromoheptadecanoic acids have been chosen as substrates due
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to

that

its myocardial

fates are nearer

to that

of

the

natural fatty acids and its C atoms chain length increase
the possibility of preparing convenient injectable solution,
which decreases with the increase of the number of C atoms
in the chain.

EXPERIMENTAL
Materials:
All chemical reagents used were of analytical purity
grade. Brominated long-chain fatty acids were obtained from
the Department of Chemistry, Kernforschungsanlage, Julich,
GmbH, Germany. Na 1 3 1 I (5 mCi/0.1 ml 0.05M NaOH sol. with nocarrier added and reductant free (pH 8-9) was delivered from
Amersham England. All glass-ware and equipments were washed
by soap, rinsed with dist. Water, then rinsed with 10% HC1
and finally, rinsed with dist. water. Cleaned glass-ware was
drained,

wrapped

in aluminium

foil

and

then

allowed

for

sterilization in hot-air oven at 190°C for 3 hr.
Super dry ethyl alcohol has been prepared from commercial absolute alcohol according to the method described by
Lund and Bjerrum (8) upon the following reaction:

Mg + 2 C 2 H 5 OH —

> Mg(OC 2 H 5 ) 2 + H 2

Mg(OC 2 H 5 ) 2 + 2 H 2 0 — >

2 C^OH

153

+ Mg(OH) 2

(1)
(2)

Then the redistilled alcohol is subjected for redistillation
from a little of 2,4,6-trinitro-benzoic acid to remove any
alkalinity, this acid has been chosen due to its high b.p.
(208 to 212°C) and from the other hand, it is not esterified
by alcohol, consequently no water is introduced

into the

alcohol.
Lyophilized Na

I for high specific activity products

has been prepared by diluting the Na

I sol.

(dispensed

previously in 0.05M NaOH) by abs. ethyl alcohol in a suitable
vials for lyophilization. This Na

I alcoholic sol. was

subjected for freezing at -40°C and then introduced into the
freeze dryer, where the condenser was set at -60°C and
vacuum at 50-100 millitorr for 2 hr.

Then the temperature

was set again at +5°C for 24 hr.

Thin layer chromatography

(TLC)

on

analysis

aluminium

were

performed

Merck

backed plates. Radiochemical

Silica

yield

gel-60

% was

then

determined by integration of the chromatogram peaks (by cut)
and

calculated

as

the

ratio

of

radioactivity

of

the

exchanged products to the total radioactivity on the plate
using a developing system consists of;
Dioxane : Chloroform : Acetic A.
50
where the R f of

:
131

49

:

1

I ~ « 0.0 ± 0.05

ill

and R f of [ I ] I F A S = 0.6 ± 0 . 0 5

15U

(9)

Method of Radioiodination of 16-bromohexadeconoic acid or
17-bromoheptadeconoic acid with Iodine-131:
2 ing of bromo fatty acids were dissolved in 1 ml of the
super dry ethyl alcohol in a V-shaped bottom vial, where the
dissolution

was enhanced

by

gentle

heating

on a

boiling
131

water bath, then 10 Ml (0.5 mCi) of radioactive sodium

I

iodide (previously dispended in 0.05M NaOH) is added to this
solution. Then the vial was closed and the reaction mixture
was heated on water bath at 80-100°C for 20-30 min., a 5 ul
of

the

reaction

mixture

is

taken

for

chromatographic

analysis using suitable microlitre syringe and dropped on
the silica gel-60 aluminium

backed plate. Then the whole

reaction

into

mixture

was

drawn

a

syringe

and

filtered

throughout a filter impregnated with AgCl into a pencillin
vial with

a velocity

of

1 drop/sec.

Then

5 ill of

the

filtration is subjected to chromatographic analysis again to
ensure
Ag
yield

the

complete

removal

of

inorganic

radioiodine

as

I on the filter. After calculation of the radiochemical
%

as well as radiochemical

purity

0.2 ml

of

the

purified solution was added dropwise under continuous stirring to 1 ml of 20% human serum albumin (HSA), followed by 4
ml of dist. water to give a final concentration of HSA of 4%
which

suitable

millipore

for injection then passed

filter

for

sterilization.

If

through
a

high

0.22 jim
specific

activity (1-5 mCi/mg FAs) is required lml of super dry ethyl
alcohol containing 2 mg of the bromo fatty acid was added to
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the

lyophilized

Na

I

solution

in

the

same

vial

where

gentle heating was used to facilitate the dissolution and
the vial is sealed and then subjected for heating at 80 to
100°C

in

water

bath

for

20-30

min.,

then

the

reaction

mixture was subjected for chromatographic analysis purification and then dispensed in human serum albumin solution as
described above and allowed for sterilization by passing it
0.22 jura millipore filter.

RESULTS AND DISCUSSION

The results obtained

herewith

reflect

obviously

that

the utilization of super-dry ethyl alcohol as a non-isotopic
exchange
fulfils

reaction medium with its high dielectric constant
our desired requirements which are (1) development

a fast and simple method for incorporation of radioiodine
nuclei with no-carrier-added,
the

halogenated

long-chain

imaging measurements,

on the terminal position of
fatty

acids

(2) development

for

a simple

myocardium
separation

and purification method suitable for direct dispensing of
the

final radioiodinated

products

in human

serum

albumin

solution which is currently used as pharmaceutical vehicle
for these products in a concentration of 4%.
The radioiodination
fatty

acids were

achieved

of these halogenated
with
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reasonable

long

short

chain

time

as

shown in Fig. (l) , with a radiochemical yield % over 99.0%
determined

by

TLC.

Also,

the

results

revealed

that

the

presence of water in the reaction medium decreases the radiochemical yield % due to the decrease on solubility and hydrolysis of the substrates as shown in Fig.(2). These results
imply that in addition to its solvent role, super dry ethyl
alcohol apparently

also has a catalytic

influence on the

exchange reaction. Basically if specific activity is not a
goel on radioiodination of these halogenated fatty acids a
small volume of 5-10 jil Na I/I ml super dry ethyl alcohol
can be used, also if high specific a activity is considered
increasing of the amount of Na I followed by lyophilization
after dilution with ethyl alcohol

is a must,

as well as

decreasing of the amount of substrates to 1 ing. . Because
exchange occurs too rapidly with 16-bromo hexadecanoic acid
in

super dry ethyl alcohol

at 80°C, 17-bromoheptadecanoic

acid was also utilized to study the influence of carbon atom
chain-length on the rate of exchange as well as on the radiochemical yield %. The results obtained upon subsequent radioiodination of the intact 17-bromoheptadecanoic acid revealed
that high radiochemical yields ranged from 94-98% were also
obtained as presented on the Fig.(3).
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Apparent influence of the super-dry ethyl
alcohol on the radiochemical yield % of
the radioiodinated FAs. Determined by
TLC as a function of time.
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CONCLUSION

The method has shown that the super-dry ethyl alcohol
assisted the no-carrier-added radiodebroraination of the nonisotopic exchange reaction and this is useful for the rapid
incorporation
terminal

of

the

bromonated

radioactive
carbon

atom

iodine
of

nuclei

the

onto

the

long-chain

FA

molecules. Also the inherent simplicity of the method favour
its

application

any nuclear medicine unit contains
123
cyclotron producing
I gas which can be passed through the
ethyl
called

alcohol

in

FAs.

recently

Solution

now

at

"house

products.
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80°C
made"

to

perform

what

is

radiopharmaceutical
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Abstract
A

recommended simple
* —

radioiodinated

[ I ]

technique

for

preparation
*

meta-iodobenzylguandine

presented. The technique is based
procedure for the synthesis of

(M IBG)

firstly on a

of
is

schematic

inactive MIBG using meta-

iodobenzoic as substrate, results with a chemical yield of
80% as pure as MIBG 0.5 sulphate, then recrystalized from
water-ethyl
167 C,
through

alcohol

secondly
out

the

an

as crystalline powder of M.P.
radioiodination

isotopic-exchange

inactive MIBG and radioiodine

process
reaction

is

165°C~

performed

between

the

as iodide ion ( I~) in 0.2 M

acetate buffer pH 4.2-4.25 at 100°C within 3 0 min in the
presence of metal

ion as exchange catalyst. Following

of

these processes the reaction solution is allowed for purification by passing it through an AgCl-impregnated filter to
remove the unreacted radioiodine as Ag I (5%). According of
these results and reaction conditions, it is possible to
develop a technology for the radiopharmaceutical production
of radioiodinated M IBG using the currently used short-lived
radioiodine nuclides by a simple kit like-type technique,
where the radiochemical yield % is 95-99% as pure as M IBG.
163

Introduction
Meta-iodobenzyl guandine MIBG (Fig.la) is an analog of
the adrenergic neuron bloking drug Guanthedine(Fig.lb) which
currently

used

in

medicine

as

antihypertensive.

It

is

accumulated by the adrenergic cells and this characteristic
allows radioiodinated M IBG to usefully label a variety of
organs and tissues including medulla (1)/ heart (2), as well
as detection neuroblastoma (3) and pheochromocytoma (4,5) .
Recently, attempts have been made to use 123 I-MIBG to
localize

the

myocardium

regions

depletted

catecholamine

stores due to infarction (6).
In this work a Kit like type formulation technique for
the preparation of radioiodinated MIBG has been described.
The

technique

basically

depends

on

an

isotopic

exchange

reaction between the inactive MIBG which has been prepared
according to the chemical scheme represented on Fig.(2), and
radioactive

isotopic exchange reaction is
accelerated by platinum ion (Pt 4+ as H 2 PtCl g -xH 2 O as exchange
catalyst
to 4.2

Na

I.

The

and by decreasing the pH of the reaction medium up
(using 0.2 M acetate buffer). The technique offers

advantages over the techniques previously
radioiodination of MIBG

investigated for

(7-9), since conventional prepara-

tions requiring 1.5 hours reaction time to achieve maximum
saturated labelling yield of 60-80% (10). The exact mechanism
4+
Pt
ion (i.e., H 2 PtCl- x H^O) catalysis is probably that at
first step of the isotopic

exchange

16U

reaction,

an

organo-

CHg-

H
WC,

Fig. (la) : Meta-Xodobenzyl guanidine.
OHg

0

w
*»

NH

P i g . (1b) : GuaDethidine.
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2

1) Meta-Iodobenzyl Bromide
11) Hexamine
2) HC1
2) Meta-Iodobenzyl Ammonium Chloride

J

1) Cyanamide
2) KHCO3

3) Meta-Iodobenzyl-Guanidinium-Hydrogen Carbonate
m.p. 124OC - 126°C

J

2N H2SO4

4) Meta-Iodobenzyl Guanidine
0.5 Sulphate m.p. 165° C - 167° C

Fig.(2): Chemical Scheme of the Organic Synthesis of Inactive
MIBG 0.5 Sulphate
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metal complex of MIBG with Pt

is taking place, which leads

to lability of the iodine atom handing to the aromatic ring
of the MIBG molecule, followed by hydrolysis of this complex
to give to M IBG. Where the isotopic exchange reaction can
be expressed as follows:

MIBG + Pt 4

— >

MIBG - Pt

MIBG-Pt + * I ~ — — — — ¥
M*IBG - Pt

The

M*IBG ~ Pt

*Y**°lUiS-+

radiochemical

yield

(1)
(2)

M *IBG

% of the isotopic

(3)

exchange

reaction and the quality control of the final product have
been determined by thin-layer chromatography (TLC). Although
[

I] - MIBG has also been used in the detection

blastoma

of neuro-

(11), the ultimate purpose of our use of Na

I

(t. /0 = 8.0 days) in this study is to set the conditions of
the chemical reaction as well as to set the conditions of
stability and storage.
The method of labelling is simple and gives rapid and
quantitative incorporation of radioiodide ion ( I ) into a
pharmaceutical acceptable pure product of M IBG.

Experimental
Materials and Experiment
1) Materials
MIBG has been synthesized in our department according
to the chemical scheme presented in Fig.(2) IR, UV, and M.P.
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analysis

methods

composition
sulphate.

of

were

the

used

final

to

determine

product

Also, charomatographic

as

the

pure

analysis

chemical

as

MIBG

either

by

0.5
thin

layer chromatography or by HPLC were used to identify the
131
final radioiodinated M
IBG as radiopharmaceutical product.
Unless otherwise noted all chemicals were reagent grade
BDH except PdCl-

was carlo-Erba Product. Na

I in 0.1 N

sodium hydroxide was delivered from Amersham having 7.4 GBq/
ml, and iodide >99.0% as determined by paper chromatography
(12). .
2) Thin layer chromatography analysis have been performed on
silica

gel

60 aluminium

chemical yield

(%)

backed

sheets Merck.

The radio-

was radiochromatographically

determined

using a developing system consists.
Ethyl alcohol — ammonia (3:1)
R f of

131

i ™ » 0.90

and

(13)

R f of M 1 3 1 IBG « 0.15
3)

HPLC

analysis

has

been

performed

using

UV

detector

operating at 254 nm and mobile phase consists of methanol:
Water: acetic acid: trimethyl amine (57 : 53 : 0.5 : 0.5) at
1.0 ml/min (14),

showing only one peak at t

= 7.2 min for

M131IBG.
4) Also IR analysis

(IR(KBr)) of MIBG 0.5. sulphate showed

3420 and 3160 bands for (NH), 1630 and 1630 bands for (C-N),
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1120 bands for (S=O), 770 and 690 cm

1

(1,3 disubstituted

benzene) as shown in Fig.(3).
5) Thermal analysis verified that the compound MIBG. 0.5
sulphate is thermostable to a temperature up to 307°C as
shown in Fig.(4).
6) AgCl impregnated filter preparation: A filter paper of
2
Wt. No. 3 (0=5 mm and t=0.33 mm and basis weight 185 gm/m )
was immersed into a 0.5 N aqueous solution of silver nitrate
After drying in the dark,

the filter was immersed into 1 N

HC1, then repeatedly washed by distilled H2<D up to neutral
reaction and kept in darkness up to use (15).
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Synthesis of [ra-

I] MIBG:

2-10 mg MIBG

0.5 sulphate was placed in the V-shaped

bottom 5 ml serum vial and dissolved in 2 ml of 0.2M acetate
buffer pH 4.2 - 4.5, where dissolution was accelerated by
warming in boiling silicon oil bath and the vial was gently
swirled to ensure homogeneity. The vial was then sealed with
a Teflon-lined rubber septum and aluminium cap. The concentrated 1M chlorplatinic acid in 0.2M acetate buffer pH 4.24.5 is diluted in such away that 10 jil

of 1 M solution is

added to 1 ml 0.2M acetate buffer and then 2-10 jil of this
later

solution

is

injected

into

the

vial

by

microliter

syringe and then the vial was swirled to ensure homogeneity
again.

Then 50-100 ul

Na

I

in

169

0.05M

NaOH

were

added

X: 1 scan,, 4.0cm-l
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Fig. (3) 5 IR (KBr) Analysis of MIBG 0.5 sulphate.
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exactly after 1 min in sucession according to the specific
activity

required

(pH must be not

less than

7, also by

another microliter syringe. In let and outlet cannuli were
inserted and a gentle stream of nitrogen gas was applied to
ramove

air

from

the

vial

to

platinum chloride hydrolytic

prevent

product.

the

formation

of

The vial partially

immersed in silicon oil bath at 100°C~120°C for 30 min. then
take off the vial from the silicon oil bath and then the
vial was subjected to cool in ice bath. Using a microliter
syringe about 10 jutl probes were taken from the vial and put
on the start line of thin-layer chromatograms and allowed
for analysis. Then the whole volume of the vial was transferred

into

containing

a
wt.

syringe
No.

3

connected
AgCl

with

impregnated

filtration
filter

holder
and

the

solution was filter into pencillin vial with a velocity of 1
drop/sec and the pH was adjusted with NaOH to pH 6.8 and the
final

solution, was

subjected

for

sterilization

by

auto-

claving or by passing it throughout 0.22 Jim millipore filter,

Results and Discussion
The results reported herewith have been revealed that
the isotopic exchange reaction methods are the most appropriate methods which satisfy the desired' requirements for
incorporation of radioactive iodine (as radioactive iodide)
nuclei

into

the

MIBG

molecule.

Where the reaction is
1—4 +
accelerated with a heavy metal ion (Me
) which recently

used as isotopic exchange catalysis (16) for this type of
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nucleophilic exchange reaction (17).
The reaction course is influenced by temperature, time
of the exchange, reactants concentrations as well as the pH
of the medium of exchange

(the optimum pH value required

must be not more than 4.2 to prevent the hydrolysis of the
H2PtCl-.x

H20

in aqueous

solution), where the

hydrolytic

products have no catalytic effect, therefore the H 2 PtCl g .xH 2 O
must be diluted in a short time before use. Also, it is
necessary to add the Na I solution to the reaction mixture
4-f
after the bonding of Pt
ion with MIBG (10-15 min) molecule
but not the way round. Although the labelling yield is not
any time higher than 90-95% at 100°C within 30 min,a maximum
yield of 95-99% can be achieved by increasing the temperature of the reaction up to 120°C using silicon oil bath.
As a consequence, considerable reaction data has been
accumulated on this type of isotopic exchange reaction such
as reaction temperature as shown in Fig.(5) where the radiochemical

yield

%

increases

by

increasing

the

reaction

temperature. Also, our results on the system
I
for
M 127 IBG isotopic exchange in 0.2M acetate buffer pH 4.2-4.5
in term of

I bound to the MIBG molecule without addition

of the Me ion to the reaction course revealed that as shown
in Table (1) the radiochemical yield % is of the order of 5%
determined by TLC as M

IBG. On the other hand, a high

radiochemically

yield % on the order
afforded by using Pd 2+ ion as isotopic

of

99.0% has

exchange

been

catalysis

but it is excluded due its biotoxicity (16), and found to be
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M

IBQ

% Yield

100

60

45

50

Time in min
Tomp.26 °C

Tomp.60 °C

Tomp.1OO°C

Tomp.120°C

-•-

Tomp.86 °C

• (5) * Apparent influence of the temperature on the
% y i e l d of Z^-1^1!^ M^G using Pt(IV) ion as
exchange c a t a l y s t 50-60 ug/10 mg MIBG and 2 ml
acetate buffer of pH value 4.2-4.75•* a s P u r e
as

Table (1): Maximum saturated radiochemical
pure M.

yield %

of

IBG which have been obtained within

30 min using different metal ions as exchange
catalysts at 120°C and pH

Me ion
0.01 ml of 0.01M
sol./lO mg MIBG

x

4.50-4.75.

Radiochemical
. .. yield, s

Cu 2 Cl 2

81.6

Cu Cl 2

77.3

H_PtCl..x H o 0 2

96.8

PdCl

99.0

has been calculated as 10.
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the using of Pt

ion as isotopic exchange catalysis fulfils

the desired requirements and equally successful and thus may
be applicable in concentration of 50-60 uq of H_PtClg.x H O /
10 mg MIBG, 0.5 sulphate, as shown in Table (2). Also, the
results obtained have been revealed that the pH value of
this type of nucleophilic isotopic exchange reaction playing
a dominant value to achieve the highest radiochemical yield
% as shown in Table (3).
On the other hand, the molarity of Na

I NaOH solution

in which most of radioiodine are currently dispensed on it
has

a remarkable

influence

on

the

rate

of

the

isotopic

exchange reaction, where high NaOH concentration

leads to

form hydrolytic platinum chloride product which inhibits PtMIBG complex formation which leads to decrease on the radiochemical yield %, (18). Basically, a kit-type method can be
technologically
formed

and

the

established
addition

as thus heavy metal

of

radioiodide

ion

ion MIBG

followed

by

heating and hydrolysis the radioiodinated M IBG readly formed
with the desired radiochemical

purity

suitable for nuclear

medicine used for adrenal gland and myocardium measurements
(10,11). Consequently this Me ion and MIBG complex can be
kept stable in dry state after lyophilization for some week
without any degradation at -4°C - 5°C. The final radioactive
iodine M IBG must be kept at a recommended storage temperature of -10°C and the expiration data found to be 1 week
after calibration.
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4+ .
Table (2): Apparent catalytic influence of the Pt ion
concentration on the radiochemical yield (%)
of M 1 3 1 IBG within 30 min at 120°C and reaction
pH of 4.5-4.75.

H.PtCl-.x H_O
£.

O

Radiochemical

/,

p g / 1 0 mg MIBG

yield,

0.0

5.0

10.0

61.0

20.0

68.4

30.0

71.0

40.0

86.8

50.0

96.8

60.0

93.4

70.0

79.0

177

(%)

Table (3): Apparent influence of the pH value of the
isotopic exchange reaction on the radiochemical yield (%) M 1 3 1 IBG within 30 min
at 120°C.

„

Radiochemical
yield, (%)

4.00

81.00

4.20

87.00

4.50

91.80

4.75

96.80

6.00

76.00

7.00

67.00
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ABSTRACT
A recent study for nucleogenic radioiodination of 0iodohippuric acid (0-IHA) in dry-state (i.e. Molten state)
with radioiodine in molten acetic acid analogs (AAA) has
been investigated. The result investigated has been revealed
that the molten ammonium acetate (m.p. 114°C) fulfills the
desired requirements for achieving high and pure radiochemical yield up-to 95% within 5 min at 120°C/ when used as
a molten medium for the no-carrier added isotopic exchange
reaction between inactive O-IHA and lyophilized ethanolic
131 —
solution of sodium iodide (
I ) . On the other hand, the
different critical parameters which affecting the isotopicexchange reaction in molten state previously described are
discussed to evaluate the chemical principles of the
reaction. Also the product obtained is completely free from
the different impurities currently found in commercial radioiodinated hippuran usually obtained by molten techniques
such as glycyl-O-iodohippuric acid (g-OIHA) as well as Oiodobenzoic acid (O-IBA), which are investigated by TLC
silica gel-60 using the organic phase of the following
solvents; benzene: acetic acid: water: n-butanol in the
ratio of 5:5:2:1 as developing solvent.

181

INTRODUCTION
Since 1960 (1) up-to-date there are several remarkable
techniques

and

methods

for

incorporation

of

radioactive

iodine atom into the O-iodohippuric acid molecule

(O-IHA).

This is due to the unique application of the radioiodinated
compound

sodium

medicine

as

salt

(hippuran)

reasonabel

tool

in

for

the

field

of

investigation

nuclear
of

the

individual kidney function(2-5). Basically there are several
conditions

trials

techniques

of

interested

production

radioiodination

and

to

highest

on

the

attain

development

the

quality

with

highest

of

the

yield

of

reasonable

time

taken into consideration the short half-lives of some radioiodine nuclides such as iodine-123 (t

- 13 h) . Therefore,

it is optimal during its preparation the side reaction is
avoided and the product is as radiopharmaceutical pure as
possible (6).
Recent

articles

(7-9) which

class of radiopharmaceutical

are

interested

in this

chemistry

have been

revealed

that chemical isotopic or non-isotopic exchange reaction is
an important class for incorporation of radioactive iodine
atom into the halogenated organic molecules either aliphatic
or aromatic, and the reaction in both cases being feasible.
In the principle of the chemical exchange the reaction can
be proceed either electrophilic via iodonium ion ( I ) (i.e.
electrophilic mechanism) or nucleophilic via negative iodide
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ion ( I ) (i.e. nucleophilic mechanism), where, the exchange
reaction
medium
there

is

proceed

well

in

aqueous

(10-12)

or

organic

(13,14). Experimentally in both cases of mechanisms
are many

factors

having

a great

influence

on

the

velocity of exchange reaction and therefore on the yield of
exchange obtained. Although isotopic or non-isotopic exchange
of radioiodine with the halogenated aliphatic compounds is
usually performed in refluxed aqueous or organic solution,
aromatic halogenated compounds require high reaction temperatures (15) to increase the velocity of exchange, where the
reaction

proceeds

mechanism

or

higher

is

velocity

nucleophilic

the
of

either

temperature

exchange.

by

electrophilic

substitution
the

higher

Therefore,

substitution

mechanism
is

higher

of

and

the

course

the

boiling

point

solvents, such as some glycol have been used to fulfill this
purpose to attain higher reaction yield as well as higher
reaction

velocity with

reasonable

time. On the basis

of

these results we reported in 1991 a method for radioiodination of 4-iodoantipyrine with radioiodide utilizing the melt
fashion technique (16) on which both the substrate and radioiodine are allowed to exchange at 160-165°C in the presence
of mild amount of ammonium sulphate or di-ammonium hydrogen
orthophosphate to accelerate the velocity of exchange due to
that the gradual loss of ammonia increases the acidity of
the molten medium and the method afforded a yield over 95%
within reasonable time of 2-5 min.
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In this work,
(AAA)

we examined different acetic acid analogs

for the nucleophilic

radioiodination

of O-IHA

with

radioiodine but the method as shown in this work revealed
that the pivalic acid is completely radioiodinated with the
formation of different radioiodinated
( I )

iodinated

acetic acid analogs

(AAA), and the same results are obtained

when pivalic acid

is changed by chloroacetic acid and tri-™

chloroacetic acid, also the same results are obtained when
these

analogs

are

conducted

in

the reaction

without

the

substrate i.e. O-IHA.
This result has led us to use another acetic acid analog
and we are found that ammonium acetate (m.p. 114°C) fulfils
the desired requirements for nucleogenic radioiodination of
O-IHA with radioiodine on molten state with higher yield up
to 95-99% within reasonable time of 5 min.,when the exchange
reaction

is conducted at

120°C. The method

is simple and

allows us to obtaine the pure compound without any

by-

products currently found in commercial hippuran which produced by molten techniques such as radioiodinated glycyl-Oiodohippuric acid (g-OIHA) and O-iodobenzoic acid (O-IBA) as
well as some unknown compounds (6).
Chromatographic
determine the yield

analysis have been commonly

used to

% of exchange and the purity of the

final product i.e. TLC and HPLC. The final product is dispensed in pharmaceutical form as sterile injectable solution

18U

as described in Britich Pharmacopeia as pure as radiopharmaceutical product (18).

EXPERIMENTAL
Materials and Method:
Nucleogenic Radioiodination Technique in Molten-State
Using

Molten-Ammonium

Acetate

as

Molten-Mediun

for

the

Isotopic Exchange Reaction:
To a quick-fit

with a pure nitrogen gas transport

glass vessel as shown in Fig. (1), transfer 1-6 mg O-IHA
(Merck) in 0.05 ml absolute ethyl alcohol, 5-25 mg ammonium
acetate in 0.05 ml absolute ethyl alcohol followed by 0.05
ml to 0.15 ml carrier and reductant free Na

I in 0.02 to

0.03 M NaOH (100-300 MBq) after dissociation to the V-shaped
bottom

tube and the volume

is completed

to 0.5 ml using

absolute ethyl alcohol. The whole contents of the V-shaped
bottom tube are subjected to dryness using a pure gentle and
dry nitrogen gas up to dryness and then allowed to melt at
114 - 120°C for 5 min, followed by cooling in ice bath. Then
the product is dissolved in 1 ml of the following solution.
EDTA: 1.7xlO~~5 mol/1, NaOH: 2.5xlO~3 mol/1, N H 3 PO 4 :
4.6xlO~4 mol/1 and NaCl: 1.7X10"1 mol/1.
with these conditions a specific activity of 100-300 MBq/mg
O-IHA can be obtained as extremely pure as radiopharmaceutical product. The product is subjected to TLC chromatographic
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Nitrogen gas
inlet.

Nitrogen gas
outlet.

Silicon oil bath
Fig. (1) :

Quick-Fit Reaction Glass Vessele
for Molten-State Isotopic Exchange.
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analysis using the organic phase of the following solvents
benzene: acetic acid: water: n-butanol (5:5:2:1)

(19) and

silica gel-60 aluminium backed plate (Merck), where the R f
values of the different products which may be found beside
the radioiodinated O-IHA are: R f of

i" - 0.05+0.02, R f of

g-OIHA 0.25 ± 0.0, R £ of O-IHA « 0.48 ± 0.5 and R f of OIB «
0.81 ± 0.05. Then after the TLC - analysis the product (over
9 8% O-

IHA) is subjected to purification by passing it

through AgCl

impregnated

filter

paper (W. No. 3, 0.33 mm

thick). Comparable yields are also obtained using different
acetic acid analoges i.e. pivalic acid, tri-methyl acetic
acid), chloro-acetic acid and tri-chloroacetic acid as well
as performing the reaction conditions at different reaction
temperatures, concentrations and time. On the other hand,
the' gradual decomposition products of the ammonium acetate
i.e. ammonia and acetic acid can be removed by subjecting
molten reaction content to 120°C and passing a gentle stream
of nitrogen gas conducted with granulated charcoal trap on
the out-let arm of the vessel. HPLC analysis of the final
compound
purity.

confirmed both chemical
Radiochemical

yields

(U.V.) and radiochemical

afforded

by

the method

are

included in Table 1, and in all cases, radiochemical purity
exceeded

99% with a specific activity of 100-300 MBq/mg,

also the final product is stabilized by 1% benzyl alcohol
and the product is stable for 4 weeks.
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RESULTS AND DISCUSSION
The different

factors investigated

in this work were

all directed towards the reinvestigation of a simple rapid
and efficient method for production of [0- 1
acid

by

a no-carrier-added

isotopic

I] iodohippuric

exchange

reaction

on

melt. Therefore, time and easiness of the procedure as well
as high radiochemical yield % and high quality product (free
from

[0-

I]

iodobenzoic

acid

and

[0-

I] glycyl-iodo-

hippuric acid) were considered in our work.
Basically we have examined the efficiences of different
acetic acid analoge used as molten medium for the no-carrieradded isotopic exchange reaction. The results obtained upon
subsequent nucleophilic radioiodination of the intact 0-IHA
with Na
acetate

I revealed

as shown in Table

(1) that

ammonium

(m.p. 114°C) fulfils the desired requirements when

used as molten medium for the isotopic exchange reaction at
114-120°C within 5 min. The method affored an improved radio131
chemical yield % of over 98.0% as pure as [0™
I] IHA and
specific activities of 100-300 MBq/mg O-IHA. The efficiency
of our reaction technique has been attributed to acetic acid
formation due to the sustained gradual release of
gas

from

the

molten

ammonium

acetate,

which

ammonia

leads

to

decrease the pH of the medium of exchange which facilitate
the rate of the isotopic exchange at 114~120°C, and inhibit
the decomposition

of the substrate
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i.e. 0-IHA, among the

Table (1): Distribution of the Radiochemical Yields % of the Nucleogenic
Radioiodination of O-IHA with Na

I in Molten-State Using

Differents A.A.A. as Molten on TLC.
***

Radiochemical yields %
fovnn

**
SyBtems

1) O-IHA
A.A.A.
2) O-IHA
Ammonium acetate
3) O-IHA
Chi. acetic A.
4) O-IHA
Pivalic A.
5) O-IHA
Trichloro acetic
acid
6) O-IHA
Chloro acetic A.
7) O-IHA
Trichloro acetic
acid.
*

mg

6
0
6
25
6

°c

131

I - ,-O 1 3 1 IHA
R -0.0
R » 0.3

O- 1 3 1 IHA
O- 1 3 1 IBA
R »0.48 R = 0.7

170172

4.76

5.04

79.3

114120

1.80

-

98.2

11

131

I-AAA

R f =0.9~ 1

11.0

-

92.82

7.18

25
6

t§

10.30

-

89.70

11

11.72

-

88.28

11

23.00

11

11.72

25
6
25

0

77.00

25
0

-

88.28

25

Silica gel 60 Aluminium Backed Plate and a Developing Solvent Consists of
the Organic Phase of the Following Solvents:
(Benzene: H O : Acetic A.: n-Butanol

**

Reaction conditions: Na

(5:5:2:1)).

I« 100-300 MBq and time= 5 min.

*** The values indicated in this table represent the mean values of at least
four experiments.
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result obtained by subjecting the substrate and Na

I at

165-172°C as shown in Fig.(2a).
On the other hand, in order to study the applicability
of different variety of acetic acid analogs as molten media
rather

than

ammonium

reaction on melt,

acetate

for

this

isotopic

exchange

we have examined chloroacetic acid m.p.

61-65°C, pivalic acid m.p. 34-35°C and trichloroacetic acid
m.p.

55-60°C where the isotopic exchange reaction between

O-IHA and Na

I firstly subjected at the m.p. of each acid

and secondly at 114-120°C. The results obtained through out
this study indicate that these molten media were completely
radioiodinate by increasing the temperature up to 120°C with
radiochemical yields % of 77-99% and the same results were
reobtained when the reaction subjected without the substrate
i.e. O-IHA as shown in Figs. (2b) and (2c).
Also,

the

influence

of

the

molarity

of

the

NaOH

solution on which radioiodine is currently'dispensed in it
on the radiochemical yield % as well as the quality of the
product has been studied and the results obtained as shown
in Table

(2) indicate that the best molarity

investigated

was ranged between 0.02 and 0.03 molar NaOH to perform the
isotopic exchange and to achieve the desired requirement. On
the other hand, increasing the molarity more than 0.1M in
the

radioiodine

solution

tends

to

inhibit

the

isotopic

exchange and the exchange yield dropped quantitatively
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as Molten Madia Compared wifcb, the System-l
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Distance io cm*

. (2c) : Radiochromatogram of Possible Radioiodinated ^ ^ A . A . A . formed on Using
Chloro-A.A. and Tri-ChlorO"-A.A, Each
Alone.(without substrate i.e. OIHAJ •
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Table (2): Apparent Influence of the Molarity of NaOH Solution on
which Radioactive Iodine-131 is Currently Dispensed on
It on the Radiochemical Yields %
Radiochemical yields 4

Molarity
131

I-

g-O 1 3 1 IHA

O- 1 3 1 IHA

O-131IBA

96.5

—

0.02

3.50

0.03

1.80

—

98.2

0.05

3.90

--

96.1

.—,

0.10

11.00

4.0

78.0

7.0

less than 10-15% when extra NaOH solution was added to the
medium. Basically, we can concluded that the concentration
of NaOH in radioiodine solution is one critical parameters
which affecting the rate of exchange due to the increasement
the alkalinity
which

of the medium

rather than the acidity on

the exchange of the halogenated

aromatic

compounds

with radioiodide ion ( I*") is extremely depend on it (17).
Although the average m.p. of pivalic acid was 31-34°C,
the dry reaction mixture did not melt at 114°C-120°C, where
a solid mass was formed rather than melt and the melting was
occurred

at high temperature about

155-160°C as yellowish

brown melt identified by TLC as radioiodinated acetic acid
analogs with R, ~ 0.9-1.00 and this phenomenon was increased
by

increasing

dispensed

the molarity

or by addition

of

NaOH

in which

Na

of more alkali to the

I was
reaction

mixture. Last and not least the ultimate purpose of our use
of iodine-131 with t

- 8.04 d rather than iodine-123 with
1/2

t

- 13 h. was due to firstly for its local production,

where the molarity of NaOH was determined between 0.02 to
0.03 molar and secondly for its half-life which was suitable
to centralize the radiochemical reaction conditions as well
as set the quality control measurements
British pharmacopoeia (18).
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according to the

CONCLUSION
The use of ammonium acetate as a molten media for the
isotopic exchange reaction between radioiodine~13l as iodide
and O-iodohippurie acid gives us the desired radiochemical
yield as well as the desired optimal radiochemical purity
and allows to shorten the preparation time rather than other
acetic acid analogs (i.e. pivalic acid, chloroacetic acid
and trichloro-acetic acid).
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SORPTION BEHAVIOUR OF SOME RADIOACTIVE
ISOTOPES ON TREATED FLY ASH
M.W.Abdel Raouf, M.I.EI-Dcssouky and H.F.Aly
Hot Labs. Centre, Atomic Energy Authority,
Post Code 13759, Cairo, Egypt

ABSTRACT
13 4

The percent uptake of the radioactive isotopes Cs
,
Co
and Eu
'
from their aqueous solutions on the
treated fly ash has been investigated in terms of the
different factors affecting sorption using the batch method,
at room temperature. The percent uptake for the studied
radionuclides on the treated fly ash was found in accord
with their cationic charges, i.e., Eu >Co >>Cs . Pyrolysis
residue of domestic waste was also investigated and its
sorption capacity was compared with that of fly ash. The
feasibility of using treated fly ash (which is a very cheap
material) as an adsorbent, has been assessed.
INTRODUCTION
The fission products radionuclides dominate the radiation hazard from the spent fuel of the nuclear reactors
during the first years of discharge. Adsorption of radionuclides from their solutions using a suitable adsorbent is
one of the different steps employed in the treatment of
radioactive liquid waste. For such treatment,
several
adsorbing materials such as: activated and impregnated
carbon, clays, aluminosilicates, organic and inorganic gels
and others, have been reported11"9'. Fly ash obtained from
the combustion of fossil fuel at Thermal Electric Power
Stations (at the stack) when recycled and by certain
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treatment steps it could be tried in the adsorption and
recovery of hazardous organic and inorganic materials
and also in the removal of toxic pollutants from the
environment (11} . Fly ash, could be also used in the
stabilization / solidification (S/S) processes which is the
most widely used technology for the treatment and ultimate
disposal of both radioactive and chemically hazardous
wastes l l 2 ) by incorporating it in a groat formula.
In this study the different parameters affected quantitative adsorption of the radioactive isotopes Cs
, Co
and Eu
'
from their aqueous solutions on the treated
fly ash,have been optimized.
EXPERIMENTAL
Materials
Tracers: The radioactive tracers C s 1 3 4 , C o 6 0 and E u 1 5 2 ' 1
were prepared by neutron irradiation of the highest purity
grade CsNO., Co(C0 3 ) 2 and Eu.O- respectively, at the Nuclear
Research Reactor at Inshas, Egypt. The stock solutions were
praparsd by dissolving the radioactive solutions in 3M HC1
and neutralized by repeated evaporation and washing by
distilled water.
Adsorbent: Th@ adsorbent used was fly ash which was recieved
from the Northern Cairo Electric Power Station, after
treatment.
Treatment steps on fly ash
Prior to adsorption studies, the original fly ash was
treated in th© following sequence: The large lumps present
in the recieved material were discarded at first. The remaining black carbonaceous material was sieved using a sieving
mashine, to three main fractions: Fraction I, comprised the
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largest grain size:-0.8 mm,+0.22 mm,(-63.0 wt/wt%), Fraction
II, comprised the medium grain size: -0.22 mm, +0.063 mm
(-35.0 wt/wt%)
and the smaller grain size Fraction III,
<0.063 mm (-2.0 wt/wt%). Every fraction was washed by tap
water several times in large plastic jars to the neutral pH
value. Finally, the washed fractions were dried in a drying
oven at 105°-110°C.
Batch experiments
Adsorption experiments were conducted at room temperature
(20°±5°C) in triplicates using the batch technique. Equal
amounts of mass (m)~ O.lg from the dried fly ash were taken
directly from
the oven and placed into 100 ml stoppered
plastic flasks. Aliquots of 20 ml volume (V) of tap water
(as representative for low active waste) were spiked with
the appropriate tracer: Cs
,Co
or Eu
'
representing
the radioactive liquid waste. The initial activity (A , in
0

counting rate) was measured using the Multi-Channel Analyzer
connected to a Nal(Tl) liquid scintillation counter. The
radioactive liquid waste was then poured on the adsorbent.
The whole batches were shaked using a Wrist-Motion Shaker,
at the appropriate times and then left in contact with the
adsorbent over night. Finally the residual activity (Ar, in
counting rate) was measured from the clear filtered solution
resulted from the adsorption experiments. The sorption
capacity of fly ash towards the investigated radionuclides
was determined in terms of:
The percent uptake U(%) and the distribution coefficient k D ,
where,
A - A
™x

A

100

(1)

o

A
and,

V

JL= °

~* Ar
A r

x-jf. 1-kg"1
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(2)

where, q is the concentration of the radioactive isotope in
the solid phase per unit mass and c is the concentration of
the radioactive isotope in the liquid phase per unit volume.

RESULTS AND DISCUSSION
Unless other wise stated, the sorption conditions were
conducted at room temperature 20°±5°C and the aqueous medium
was tap water, shaking time was 90, 60 and 30 minutes for
Cs134, Co60 or Eu1S2'154, respectively
and V/m« 2 00, where
V«=20 mL (tap water) and m«0.1g (treated fly ash) and the
whole batches were left in contact over night before
measuring for A .
Characteristics of the original fly ash
Recieved fly ash is a coarse black carbonaceous
material, carbon content, C(%) «28.0%, containing large
lumps of very hard material, which were discarded at first.
The remaining black powder when sieved, comprised a wide
range of grain sizes. It possessed high solubility in tap
water at room temperature -60.0% wt/wt%. The colour of the
solubl© aqueous solution is greenish-blue, which might be
expected due to the presence of reasonable concentrations of
some transition metal salts (e.g., F© and Ni salts). The
soluble part was found acidic (pH~ 2.15-2.30) which could
result from the presence of some soluble non-metal oxides
(e.g. oxides of S, S(%) -11.6) and some metal halides
(chlorides and bromides). The previous characteristics of
fly ash were confirmed by routine chemical analysis.
Sorption results
The original fly ash, when used in the adsorption
experiments without prior treatment, showed negative adsorp1 Id

tion towards all of the investigated radionuclides: Cs
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,

Co 60 and Eu1S2'154

(i.e. A^. >A ) . This result confirms the
r
o
importance role of washing the original fly ash. On
washing,the existed impurities blocking the active centers
in the fly ash were removed by their dissolution in tap
water, resulting in promoting the adsorption capacity of fly
ash. The factors affected sorption behaviour of Cs134, Co60
and Eu '
on fly ash, have been studied according to the
following sequence:
Particle size dependence
The effect of different particle sizes
of fly ash on the
134
60
152,154
percent
uptake
U(%) for
is
Cs
Co
and Eu
illustrated in Table I.
Table I: Effect of P a r t i c l e Size of Treated Fly Ash on
Percent Uptake of Cs134, Co60 and Eu152'154 .
Fraction

I
II
III

Particle
size
mm

Initial

pH

Cs-134
Final
U
PH
(pH) f

Co-60
Final
U
PH
(
(pH) f

the

Eu-152,154
Final
U
PH
(%)
(pH) f

-0. 80,+0.22

6.22

22.13 7.30

81 .11 7.45

98 .66

7.25

-0. 22,+0.063

6.16

24.41 7.20

87 .87 7.27

99 .33

7.28

6.12

26.94 7.10

88 .78 7.17

99 .67

7.15

< 0.063

1MMWMMMM

It is clear from Table I that the adsorption capacity of fly
ash towards the studied radionuclides is independent on its
particle size. Moreover, the increase in final pH value of
the adsorption medium compared with the initial pH value
could
suggest that an ion-exchange mechanism (i3) was
operated during adsorption. The order of uptake of Cs 134
Co60 and Eu '
was found directly proportional to the
cationic charge i.e. Eu*3* >Co
with their ionic potentials).
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»Cs*

(which

is in accord

Due to the small effect of particle size of fly ash on
the percent uptake of the studied radionuclides, the major
part, Fraction I (-0.63 wt/wt%) was employed during the
following work.
Hydrogen ion concentration of the aqueous medium
Hydrogen ion concentration of the aqueous medium affected
the adsorption of Cs^Sco 6 0 and £u152'154 on fly ash, as
shown from Figure 1. The initial pH value of the aqueous
medium was adjusted using 0.1M HCl and ammonia.
It could be observed from Figure (1) , that the percent
uptake of the investigated radioisotopes was inhibited in
strong acidic medium (pH<2), which could be explained in
terms of the competition between the high concentration of
hydrogen ions present at pH* 2.0 and the sorbed cations. The
highest uptake was observed for Eu152'154 at pH*2.0-3.5. At
higher pH values the uptake of Eu152'154 was decreased once
more (i.e. desorbed), which could be attributed to the
formation of hydrolyzable Eu ions or neutral complexes. The
uptake of C s 1 3 4 and Co
was increased at relatively higher
pH values and then their curves were flattens off. The
percent uptake for the studied radioisotopes was found of
the order of thier cationic charge, i.e Eu3+> Co2* >>Cs+.
The ion-exchange mechanism mentioned earlier could be
explained in terms of the negative slopes of the straight
lines obtained from the correlation between log [H+] and log
k

for

Cs134,^60

and

Eu1S2'154,

where

the

negative

slopes

were found proportional to the cationic charge of the sorbed
radioisotope as shown from Figure (2).
Effect of shaking time and contact time
The effect of shaking time and contact time on the adsorption processes is shown in Tables II and III respectively.

20U

• Cs-134 O Co-60

D

Eu-(152&154)

100

3

60

o
40

20-

8

10

12

Fig. 1. Effect of Initial Hydrogen Ion Concentration of the
Aqueous Medium on the Percent Uptake U(°M of
Cs-134,Co-60 andEu-(152&154)on Fly Ash.
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• Cs-134
O Co-60
I.

D Eu-(152 &15A)

j 3
o
m
o

-10

-8

6

-4

-2

loglrT]
F'ig.2-. Dependence of the Distribution Coefficient log g
on Hydrogen Ion Concentration log [H*] of the Aqueous
Medium for Cs-134, Co-60 and Eu-(152 &154)on Fly Ash.
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Table II: Effect of Shaking Time on the Adsorption Behaviour
of C s 1 3 4 , C o 6 0 and E u 1 5 2 ' 1 5 4 on Fly Ash.

Shaking
-time
(min)

Cs-134

Eu-152,154

Co-60

U
(%)

k D xl0 3
L.kg"1

0.73

97.17

6.87

80.10

0.80

97.59

8.08

0.026

80.92

0.84

98.97

19.17

12.62

0.029

81.11

0.86

98.96

18.94

13.51

0.031

81.12

0.86

98.66

14.68

U
(%)

k D xl0 3
L.kg"*

U
(%)

11.0

0.024

78.54

15

11.17

0.025

30

11.34

60
90

5

k D xl0 3
L.kg"1

The results obtained from the effect of shaking time (Table
II), showed that the maximum uptake for Cs 134 , Co 60 and
Eu152'154 was found after 90,60 and 30 minutes respectively.
From the effect of contact time, Table III, it could be
noted that the slow equilibrium attained with Cs
and Co
(after 7 days) could suggest that their adsorption was due
to a physical adsorption mechanism (multilayer)
. On the
Table III: Effect of Contact Time on the Adsorption

Behaviour of Cs
Fly Ash.
Contact
time
(days)

134

Cs-134

60

, Co

Co-60

1

22.13

k D Xl0 3
L.kg
0.057

2

23.28

0.061

85.87

7

24.00

0.064

15

17.34

28

20.28

U

and Eu

152,154

on

Eu-152 ,154

U

1J
1

98 .66

L.kg"1
14.68

1.24

98 .71

15.33

90.32

1.87

98 .45

12.73

0.042

89.47

1.70

99, 40

33.30

0.053

89.89

1.78

99. 50

39.41

81.11

L.kg"
0.86

20T

other hand, the fast equilibrium obtained after one day,
with Eu152'154 together with its high kD value 14.68xlO3
compared with those k values for Cs
and Co where k =
57.0 and 860 respectively, could relate its adsorption to a
chemical adsorption mechanism (monolayer).
Effect of temperature
The effect of temperature on the adsorption of Cs

134

Eu152'154
is depicted
in Table
IV. Physical
Co 60 and
sorption is an exothermic process, which means that rising
temperature inhibit the adsorption processes.

Table IV: Effect of Temperature: 30°, 50° and 70°c on the
Adsorption Behaviour of Cs 1 3 4 , Co 6 0 and E u 1 5 2 1 5 4

on Fly Ash.
Temperature

Co-60

Cs-134

U
(%)

k D xl0 3

0.732

98 .66

14.68

71 .61

0.504

99 .40

3 3. 3 0

66 .38

0.395

99 .50

39.41

U
(%)

kDxl03

30

20. 70

0.051

78 .54

50

17. 62

0.045

70

17. 62

0.042

L.kg*"*1

k D xl0 3
L.kg

Eu-152 , 154

U
(

L.kg-1

BSSBSB

The data obtained from Table IV indicated that adsorption of
Cs 134 and Co 60 on fly ash was decreased
by rising temperature of the aqueous medium which is in good agreement with
the physical adsorption mechanism. On the contrary, the
percent uptake of E u 1 5 2 ' 1 5 4 was slightly increased with
rising temperature, which is compatible with the chemical
adsorption (chemisorption) mechanism mentioned before.
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Effect of changing V/m on the adsorption processes
The effect of changing the volume of the aqueous medium
(V) to the mass of fly ash (m) is represented in Table (V).
Table V: Effect of Changing V/m on the Adsorption Behaviour
of Cs 134 , Co 60 and Eu152'ls* on Fly Ash.

V/m

U

log k D

V/ra

Eu-152,154
U
log k

1.51

100

84.91

2.86

200

98.66 4.17

38.38

1.60

200

81.11

2.93

400

94.84 3.87

100

32.09

1.68

400

78.54

2.86

800

92.15 3.97

200

22.13

1.76

800

66.42

2.90

1600

91.69 4.26

400

20.40

1.82

1600

61.11

3.40

2500

90.29 4.37

2500

50.72

3.41

4000

90.29 4.57

5000

90.29 4.65

CS-134

U

log k D

50

39.60

65

V/m

Co-60

D

It is clear from the table that increasing the values
of V/m resulted in a corresponding decrease in the percent
uptake of the investigated radioisotopes, although relatively
small in case of Eu152'1S4. Inspite of the decrease in U(%),
a direct increase in k values was observed (k values
D

D

increased matthematically according to the corresponding
increase in V/m values in Equation 2 ) . Therefore, it could
be concluded that, reducing the weight of the used adsorbent
(m) , resulted in a corresponding decrease in U(%) of the
radioisotopes, i.e., the adsorption depends on the surface
area of the used adsorbent, which is agreed
60
the
134 with
physical adsorption mechanism, especially for Cs
and Co
The relatively small effect of increasing V/m on Eu
adsorption, could predict a different mechanism operated for
its adsorption.
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Effect of carrier concentration
Log k,

134

60

tracers were greatly
values of Cs
and Co
decreased by increasing the carrier concentration (CsCl and
CoCl 2 ) from 10~8M to 10~3M, as shown from Figure (3) .
It is clear from the figure that, log k

values

of the

Q

tracers Cs 134 and Co60 was decreased
as the
carrier
concentration was increased from 10 M to 10 M. This result
means that at high carrier concentrations, adsorption of the
carrier takes place at the expense of the tracer. The
correlation between the carrier concentration log c and log
k D of the radioactive tracers Cs 134 and Co60 as shown from
Fig.(3), showed two straight lines with two negative slopes
for both tracers and thus the adsorption isotherm was found
in accord with the Freundlich isotherm (i.e. physical
adsorption). The two straight lines obtained from Figure (3)
for both tracers could suggest that two different mechanisms
were operated during adsorption for each radioisotope.
Adsorption behaviour of a mixture of radioactive waste of:
Cs134, Co60 and Eu152>1S4 on fly ash.
Adsorption of a mixture of Cs134, Co60 and Eu152'154
(of
equal
initial
counting
rates)
on
fly
ash
was
investigated. The results obtained are shown in Table VI.
Table VI: Adsorption Behaviour of a Mixture of Cs134
Co60 and Eu
Eu152'154 (of Equal Counting Rates)
on Fly Ash
Isotope
CS134
CO60
Eu152'154
Mixture

U
(*)
73.07
73.61
88.88
84.08

k £) xl0 3 (L.kg" 1 )
0.054
0.056
1.60
1.06
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3

o

Q

O

~°

# Cs-13A

^

0 Co-60

X

2
•Win*

log

o
1

0

1

3

-8

-7

.

1

-6

I

j

,

-5

}

-A

-3

-2

log C(M)
Fig.3: Effect of Different Concentrations of the Inactive Carrier
(CsCl& C0CI2) on the Distributbn Coefficient 1<Q of
Cs-134 and Co-60-
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1

The results obtained from
Table VI, revealed higher
134
uptake of Cs
(73.07%) compared with that for the single
tracer U(%) » 22.13%, (from Table III), after one day.
Conversely, a lower uptake for Co60 and Eu152'154 was
observed, compared with their corresponding uptake with the
single tracer (Table III).
The increase of Cs134 uptake
from the mixture at the expense of Co
and Eu *
uptake
may be due to a relative increase in the ionic strength of
the mixture compared with that for the single tracer 11
Desorption studies
To complete the adsorption investigations, desorption
studies have been carried out. Fly ash (filtered from
adsorption experiments) of initial activity ki was shaked
with 20 mL tap water for one hour and left in contact over
night. The activity of the aqueous medium after desorption,
A was then measured (A. and A, were measured in counting
2

1

2

•*

rates). Then,the distribution coefficient k' (for desorption
experiments), was calculated:

*£• I
where, q, c and —
are the same terms defined in Equation
(2) . When k' was compared with k p (for adsorption, Equation
2) and, if: k'/kDsl, reversibility of the adsorption process
included and ion-exchange mechanism was operated, and if
k'/k n >1, chemical adsorption might be the proper mechanism
operated during adsorption. The obtained results from
desorption studies are illustrated in Table VII.
It is clear that, kJ/kD ~1 (0.96), for Cs134, where k
sorption or k' desorption is more or less similar for Csuptake. This result could suggest an irreversible adsorption
for Cs134 i.e., ion-exchange or physical adsorption. On the
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Table VII: Desorption R e s u l t s for Cs 134 , Co60 and Eu152'154
from Fly Ash

Radioisotope

k£xlO3
L.kg"1

k

L.kg
0.057

t/ k D

Cs-134

0.055

Co-60

2.02

0.86

2.35

66.47

14.68

4.53

Eu-152,154

other hand, k£

kQ

0.96

Proposed
mechanism
ion-exchange
chemical+ionexchange
chemical

values for Co 6 0 and Eu152'154 where

found

>1, (2.35 and 4.53 respectively), which could be attributed
to a chemical adsorption mechanism, especially for Eu
Consequently, the data obtained from desorption studies were
found in good agreement with the data obtained from
adsorption results.
134
60
152 154
Adsorption behaviour of Cs
,Co and Eu
'
on pyrolysis
residue
Pyrolysis residue 1 6 (obtained from ignition of the
domestic waste in low oxygen content) was tried in the
adsorption of Cs
, Co
and Eu
'
in the same way
stated before with fly ash. The original material was
agitated in a mortar to the most fine grain size, at first.
Table VIII illustrates the data obtained from the adsorption
investigations, on pyrolysis residue.
Higher uptake was observed for the adsorption of the
investigated radioisotopes on pyrolysis residue than that
obtained with fly ash. An increase in Cs 134 uptake on
pyrolysis residue 98.90% after 6 days was observed, compared
with 24.00% after 7 days on fly ash (Table IV). The values
of the percent uptake of Co60 and Eu152'154 on pyrolysis
residue were found comparable with that values obtained with
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Table VIII: Percent Uptake U(*) of Cs134,Co60 and Eu152'154
*
on Pyrolysis Residue in Aqueous Medium
Contact
time
(days)

Co-60

Cs-134

+

U

U

Eu-152,154

(pH) j.

r

U

(PH>;

1

60.02

8.04

97.48

7.75

98.55

7.94

2

64.59

7.71

99.40

7.74

99.50

7.91

5

67.66

7.05

6

98.90

7.73

7

98.49

7.61

* pH of the initial
(pH)~ - final pH.

=200) was 8.17

+

fly ash. The higher uptake of the studied radioisotopes on
pyrolysis residue than that observed with fly ash could be
attributed to its higher adsorption capacity, which could be
resulted from to its higher carbon content (C(%)= 34.1 and
ash 54.7%) compared with that for fly ash (28%).
CONCLUSION
Treatment of original fly ash, by repeated washing by
tap water, played an important role in promoting the
adsorptive capacity of fly ash. The investigations on the
adsorption of the radioactive isotopes Cs , Co
and
152 154
Eu '
on the treated fly ash suggested a combined
mechanism of ion-exchange and physical adsorption for Cs 1 3 4
152,154

and Co 60 and a chemical adsorption mechanism for Eu
The percent uptake of the investigated cations was obeying
the order of their ionic charge i.e., Eu3*> Co2+>> Cs*.
Pyrolysis residue of domestic waste, when compared with fly
ash possessed higher adsorptive capacity, especially with
134

Cs
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EXTRACTION OF URANIIMVI) NITRATE COMPLEXES
BY ADOGEN 464
I.S. EL-YAMANI AND E.N. ABD EL-MESSIEH
Hot Laboratories Centre, Atomic Energy Authority,
Post Code 13759, Cairo, Egypt.

ABSTRACT

The distribution of U(VI) between aqueous HNO
solutions
and organic phases of Adogen 464 has been described . The
dependence of extraction on acidity, diluent type, metal and
extractant concentrations was investigated . The possible
extraction mechanism is discussed in the light of results
obtained. A flowsheet for production of pure U 0
from
monazite is suggested.
INTRODUCTION

Long-chain alkyl-substituted amines are frequently used for
the extraction of actinides and offer several advantages for
their use in the reprocessing of high burn-up nuclear fuels.
It has been pointed out that the efficiency of quaternary
ammonium halides surpasses that of the corresponding secondary or tertiary amines (1,2). The present communication was
therefore undertaken to obtain some information on the
extraction of U(VI) by the economic Adogen 464, as a model
quaternary compound, from nitric acid solutions and the
separation of the metal from associated elements.
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EXPREIMINTAL

Reagents :
Adogen 464, R 3 R NCI, Ashland Chemicals, was used as
received. 2 3 4 T h was milked from uranium (3). Other tracers
were obtained through (n,y) reactions or by separation of
the initial nuclide from the daughter product ( 95 Zr)(4). The
radiochemical purity of
the
isotope was checked by y-ray
spectrometry. Odourless kerosene , obtained from the Misr
Petroleum Co.,was used as a diluent. Other chemicals were of
reagent grade .
Procedure:
The organic phase was prepared by adding the calculated
amount of the extractant to the required diluent containing
3% (v/v) octanol as a modifier . The aqueous stock U(VI)
feed (0.01M) was prepared by dissolving UO (NO ) . 6H 0 in
2

3

2

2

the appropriate concentration of HNO and the exact metal
content was determined complexometrically by EDTA and
xylenol orange as indicator(5). Equal volumes (5ml) of the
aqueous phase containing the tracer [ or the tracer-labelled
or even the unlabelled species which are Al(III), Ga(III),
Ti(IV) and U(VI) ] in HNO of appropriate concentration and
of the organic phase, pre-equilibrated with HNO ,were shaken
mechanically in glass-stoppered tubes at room temperature
(20+. 3°C) for 20 min. to insure complete equilibration.
After centrifugation, aliquots of both phases were taken and
the ^-activity of
Th was counted with an end-window
Geiger-Muller counter. The y-activities were measured with a
scintillation
counter and Nal(Tl) crystal. Ga(III) and
Al(III) were determined complexometrically by back-titration
with Zn(dithizone as indicator at pH 2.8 and 4.6 for Ga(III)
and Al(III) respectively (6,7) ) . U(VI) and Ti(IV) were
determined
spectrophotometrically
by
hydrogen
peroxide
method. Experiments were conducted in duplicate and the
distribution ratio (D) was calculated as the ratio of the
activities of the tracer ( or the metal concentration ) in
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the organic and aqueous phases. The separation factor
( selectivity, S ) was computed from S = D
/D , where M
U (V I)

M

is the metal ion concerned.
Analysis of the Extracted Complexes:
The
structure of
the extracted species was confirmed
experimentally by saturation of an organic phase consisting
0..23-M in kerosene by shaking it for 20 min. each time with
0.1M U(VI) in 5.2 and 8.5M HNO3 (8 times). The concentration
of U(VI) in the saturated organic phase was determined
complexometrically after stripping with 0. 1M HNO and the
nitrate concentration was determined by reduction
in
methanolic solution to ammonia, which was then distilled
into excess of HCl, the surplus of which was determined
titrimetrically (8).
RESULTS AND DISCUSSION

Effect of Initial HNO3 Concentration :
The extraction of U(VI) from its aqueous solutions with
0.23 and 0.7M Adogen 464 in xylene, was examined at different
acidities (0.1-12M); results are shown in Fig.l. Higher D
values are obtained at lower acidities (<. 6M ) , presumably
because of formation of uranium amine nitrate complex, and
the lower values given at higher acid concentrations may be
attributed to competition between U(VI) and HNO
for
association with the extractant, and/or formation of less
readily extractable complexes. From Fig. 1., it may be
inferred that extraction of U(VI) is dominated by solvating
and ion-exchange reaction mechanisms at lower (<.6M) and
higher acidities respectively.
When HNO in the aqueous phase is partly replaced with
NaNO
(Fig.l), D of the HNO /NaNO mixture is found to
increase steadily with increase in total nitrate concentration . This indicates that the controlling factor in the
extraction behaviour is the total nitrate concentration and
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Fig.l. Effect of initial aqueous total nitrate concentration
on the extraction of U(VI) by Adogen 464 in xylene
(Numerals on curves are Adogen 4 64 concentration. M)

Fig.2. Distribution ratio for the extraction of U(VIJ

from

HNO3 solutions as a function of Adogen 464 in kerosene
(Numerals on curves are HNO

molarities )

hence the fall of D curve for pure HNO3 at higher acidities
may be ascribed to the effect of the hydrogen ion. Quantitative extraction was obtained with 6M HNO solution .
Effect of Diluent Type:
The degree of extraction of U(VI) from aqueous solutions
containing 6M HNO and 0.1M HNO + 6M NaNO with 0.23M
3

3

3

Adogen 464 in various diluents is given in Table 1. The
efficiency of diluents used in the absence of the extractant
was nearly negligible (D<0.01). It is obvious that no simple
relationship holds between degree of extraction and physical
parameters of the diluents used although extraction of lower
dielectric constant seems preferable. Extraction follows
more or less the sequence : Straight-chain hydrocarbons >
cyclic paraffins > aromatics > chlorinated paraffins. This
order of effectiveness may also be correlated with either
the solvation power and/or the electron donor properties of
the diluents, giving higher efficiency for inert diluents
and donors and lower for acceptors. Although n-hexane gave
the highest D value, the cheaper odourless kerosene, which
has a reasonable extractability and can be used industrially,
is economically preferred.
Dependence on Metal and Extractant Concentrations:
The
variation
of U(VI) concentration in the organic
phase was examined for extraction with 0.23M Adogen 464 in
kerosene. Maximum loading values of about 0.22 and 0.12 M
were obtained at 5.2 and 8.5 M HNO3 respectively, implying
that one and two quaternary extractant molecules are
associated with each metal ion extracted . This is in agreement with the number calculated from a plot of log D vs log
free Adogen-464 (Fig.2). The concentration of free Adogen 4 64
was assumed to be given by t c T o t " n C 0 ( V i > ^ f w h e r e c T o t i s t h e
U VI
total Adogen 464 concentration, c u ( V n
*s t h e
^ ^
concentration in the organic phase and n - 1 and 2 at lower
(<, 6M ) and higher acidities respectively. D increased
linearly with rise of extractant concentration. The slopes
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Table 1. Extraction of U(VI) from nitrate medium by 0.23M
Adogen 464 in various diluents

Diluent

Dielectric
Donor
constant properties
at 20°,n

D
6M HNO 0.1M HNO + 6M NaNO
3

3

n-Hexane
Odourless
kerosene

1.874
[2]

I
I

1.10
0.95

3.5
2.8

Cyclohexane
Xylene
Toluene
Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform

2.052
2.42
2.387
2.283
2.24

I

n-D
n-D
n-D

0.78
0.65
0.66
0.62
0,50

3.0
2.7
2.1
2.0
1.8

5.65

n-D

4.8

A

0.30
0.22

1.5
0.9

* A = acceptor

I

I = inert

D = Donor

Table 2. Separation factors for various metal ions (0.01M)
with respect to U(VI) extracted into 0.23M
Adogen 464 in kerosene from 6M HNO3

Th(IV)
Zr(IV)
Hf(IV)
Ti(IV)
In(III)
Fe(III)
Cr(III)
Al(III)

Ion

S

Ion

Y(III)
Eu(III)
Ce(III)
La(III)
Co(II)
Ni(II)
Zn(II)
Be (II)

5.6

60

6.8xlO2
7.6xlO2
8.2X102
1.8xlO3
2.5xlO3
4.3X103

* Carrier-free

222

S
5xlO 3
5.2X103
5.4X103
2.8X104
5.7X104
6xlO4
8xlO4
8.7xlO4

,

3

obtained were consistent and approximated to unity at lower
acid concentration and two at higher molarities, indicating
a first and second power dependence of D on extractant
concentration.
If UO (NO ) is considered to be the neutral species and
UO (NO,)" U0 o (NO )2~and UO (NO )*" the anionic species (9),
2

2

33

2

34

3 o

then if the reagent species R R'N.NO at lower acidities and
the adduct R R'N.NO .HNO
at higher acid concentrations,
analogous to Aliquat 336 (10), the extraction mechanism may
be expressed as follows :
i) at lower acidities (<, 6M)
UO (NO )
+ R R'N.NO
—
• (R3R'N) U0 2 (NO.)
..(1)
(a)

(o)

(o)

ii) at higher acidities
UO (NO ) 2 ~ + 2 R R'N.NO .HNO
2

3

3

4(a)

3

(R R'N) UO . (NO )
3

2

2

—
—

3^

+ 4 NO'

3 4

3
la)

(o)

in

which

(a) and

<o) represent

the

+ 2 H+

aqueous

... (2)

(a)

and

organic

phases respectively
The stoichiometries proposed for the extracted species are
also supported by analyses of organic extracts. The organic
solutions , saturated with U(VI) gave a molar ratio of
UO 2 + : NO" of about 1:3 and 1:4 at lower and higher acidities
respectively , thus confirming the maxium loading and slope
analysis data and also justifying postulation of tri and
tetra nitrato complexes as the species extracted .
Stripping of U(VI):
U(VI) extracted into the organic phase from 6M HNO by
0.23M Adogen 464 in kerosene may be readily stripped with
0.1M HNO3 or Na 2 CO 3 . Quantitative
Quantitati
stripping of U(VI) is
achieved in 10 min. with 1M Na CO
Effect of Diverse Ions:
Table

2 shows the separation
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factors

for various metal

AlkaliLeaching
Monazite(98% ,-325#)+50% NaOH(solid:liquid ratio,1:1),
3% NaF, 120°, 2h
Washing
6-fold hot watqr
Filtration

I
Ppt.
Hydrous oxides(Th,U,RE(rare earths)..etc)
Dissolution in dil.HNO, (50%)+ H O
•

3

Ppt.
Unreacted monazite

I
Ppt.

Soln.
Na3 PO +excess NaOH

j Ca(0H) 2

2 2

ppt.

Soln.

Soln.
NaOH

Th,U,RE, Fe. .

JL NaOH

(pH 5.8)

Th, U,Fe
etc
Dissolution in 1M HNO_
Extraction
0.25M TTA in kerosene,pH 1

Soln.
RE
or

3anic

> To thorium recovery

I Aqueous
Feed (g/L)
U 0 , 1.3 ;ThO . 0.6;RE 0 8 . 2 ; F€
i 0,0.2
3 8
2
2 3,
2 3
+ trace impurities (TiO , Si(^ ...etc),
6M HNO
Adogen 464 in kerosene (recycle!
Extraction
0.23M Adogen 464 in
kerosene
(5-stages)

1

Stripping
1M Na CO
(4-stages)

Scrubbing
4M HNO 3
(4-stages)

Istrip

NaOH
Calcination

Precipitation
Na 2 U 2 O 7
(yellow cake)

HNO

3cto destroy

°r

Fig.3. Diagrammatic flowsheet for production of pure U 3 O (
from Egyptian monazite
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ions from U(VI). The higher extractability of U(VI) compared
to those of rare earths, Be(II), Zn(II), Ni(II), Co(II)..etc#
affords a useful approach to separating U(VI) from rare
earths. Th(IV) and Zr(IV) should be separated or masked
before uranium determination or production. The feasibility
of recovery of U(VI) from some fission products which can
exist in high liquid waste, namely 6 0 C o / 1 2 '
Eu, 1 4 1 Ce
....etc, can hence be separated with Adogen 464 in kerosene
from 6M HNO .
Production of Pure U 0 :
3 8

Crude U(VI) nitrate feed was processed by soda leaching
of monazite and removal of Th(IV) through extraction with
thenoyltrifluoroacetone (TTA) in kerosene (11) . Extraction
of U(VI) from the feed was carried out using 0.23 M ( 10% )
Adogen 464 in kerosene. The loaded extractant was scrubbed
with 4M HNO while U(VI) from the back-washed extract was
stripped with 1M Na CO . A pure uranium product (88.5%) with
more than 90 % recovery was obtained after precipitation of
U(VI) with sodium hydroxide and calcination to U 0
. A
diagrammatic flowsheet for the suggested process of uranium
refining is presented in Fig.3.
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ABSTRACT
A study has been made on the preparation of ionic membrane by radiation-induced graft
copolymerization of acrylic acid (AAc) onto low density polyethylene (LDPE) films. The suitable
conditions at which the grafting process proceeds homogeneously were determined. To minimize
the homopolymerization process of AAc during irradiation process, different types of inhibitors
were investigated to find that the addition of FeCb (1.5 wt%) effectively reduced such process if
compared with other inhibitors used. The suitable diluent for this grafting system is found to be
distilled water, methanol, and methanol-water mixture. The effect of diluent mixture composition,
irradition time, addition of mineral or organic acid, and metal chlorides on the grafting yield
increased as the content of water increased in MeOH/I-^Q -mixture. The addition of oxalic acid to
the reaction medium enhanced the grafting process. However, the addition of HCl or H2SO4 resulted
in a more homogeneous grafting. The same effect was also observed when salts of NH4CI, NaCl
and CuCh were added and resulted in homogeneous grafted membranes. The swelling and
permeability of the prepared grafted films were also investigated. The results showed a great
promise for the possible practical use of such prepared graft copolymers as a good hydrophilic
membrane. The possibility of its use as ion-exchange membrane for waste treatment will be
considered.
INTRODUCTION
High energy radiation grafting processing is
qualities

of

many

known

to improve the physicochemical

polymer products*!). With this principle polyethylene (PE), the cheapest

polymer compound, can be largely expanded of its utilization using radiation method. This trend
is

envisaged to be continuously growing to form a big application field of PE products. The

grafting of hydrophilic monomers into PE films generates perm-selective

membranes

with

interesting properties.(2>3) The radiation-induced grafting of acrylic acid (AAc) onto PE is of
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great importance as modified PE which is of interest for various applications^ . The grafting of
AAc and properties of modified surface of PE have been described in details(5)
In the present work,
practical

the

preparation

of ion-exchange membranes, which could be of

interest in the field of waste treatment, is studied. The preparation of such membranes

was carried out using the technique of direct radiation-induced graft copolymerization of acrylic
acid onto low density polyethylene films.

EXPERIMENTAL
Materials:
Low density polyethylene films (LDPE) of thickness 60 urn was supplied from El-Nasr
chemical co. Ltd., Egypt, were washed with acetone and dried at 60°C. Acrylic acid (AAc) of
purity

99.99 % (Merck, Germany) was used as received. The other chemicals used are of reagent

grade.
Graft Copolymerization :
The direct

radiation

grafting method was used as a technique. The glass ampoules that

containing the polymer film and monomer mixture were then subjected to

Co-60 gamma rays, at

a dose rate ranged from 1.35 to 1.41 Gy/s.The

removed

grafted

films

were

and washed

thoroughly with distilled water to extract the residual monomer and the homopolymer.The films
were

dried

in

vacuum oven at 50-60 °C for 24 h and weighed. The degree of grafting was

determined by the percentage increase in weight as follows:
Degree of grafting (% ) = [(W -W o )/ W o ] X 100
where W o and W represent the

weights of initial and grafted films , respectively.

RESULTS AND DISCUSSION
This work deals with the preparation of ion exchange membranes of practical interest in the
field of waste treatment. The preparation of such membranes was carried out using the technique
of direct

radiation

graft copolymerization of acrylic acid onto low density polyethylene.

The influence of some grafting parameters such as; solvent mixture composition, inhibitor type
and its concentration to inhibit the homopolymerization process, and irradiation dose on the yield
and homogenity of grafting, was investigated. The addition effect of organic and mineral acids and
also some metal salts to the reaction medium, on the grafting process was also studied.

Solvent Effect:
Solvents are basically used in radiation grafting experiments to enhance the degree of
accessibility
the

of monomer to grafting sites within the polymer brought about the great ability of

added solvent to swell the base polymer. Table (1) shows the effect of different solvents on

radiation induced grafting of AAconto LDPE films at20kGy. It can be seen that the higher
degree of grafting of such monomer-polymer system is obtained in case of using distilled water as a
diluent, but

the

absence

of inhibitor during irradiation process results in

homopolymerization process of AAc. Under such condition, the
difficult

to

be

lower degree
medium.
grafting

enhancement of

resulting grafted

films

are

extracted from the reaction medium. By using MeOH/FkO mixture, it gives a

of

grafting,

but

the

grafted

films

are easily extracted from the reaction

Under the same experimental conditions, benzene as a diluent gives a reasonable
yield

(74%). However, the homopolymerization is much less than that formed in

other diluents used and the grafting process proceeded homogeneously. This can be reasonably
understood

by considering the energy transfer effect and it is caused by resonance stabilization of

benzene ring which act as an

inhibitor

for the homopolymerization of AAc during irradiation

process.
In general, the influence of solvent on the grafting process may be ofdifferent features

(6)

:

(a) Solvent may swell polymer substrate to facilitate accessibility and diffusion of monomer to
active site .
(b)Solvent may act as a chain transfer agent.
(c)Addition of solvent may modify the thermodynamic equilibrium of

the polymer

in

the

particular monomer-solvent mixture,
(d) Solvent will "dilute" the monomer, thus reducing the rate of propagation

and

the

kinetic

length.
Results revealed that the most suitable diluents for this grafting system are distilled water
or

a mixture of methanol and water. However, the addition of a suitable inhibitor to minimize

the homopolymerization process is very necessary. Benzene also is a good solvent, but from the
economical point of view it is preferable to use water or water-methanol mixture.

:29

Table(l):
Effect of different solvents on the grafting of AAc (30%) onto LDPE
films at Irradiation dose of 20 kGy
Solvent

Degree of

Remarks

grafting (%)
Butanone

8.7

easily extractable

Benzene

74.3

easily extractable

Distilled water

420

difficulty extracted

MeOH/H2O(30/70

257

extractable

82

extractable

MeOH

12

extractable

Dioxane

not

can not extracted

wt%)
MeOH/H2O(70/30
wt%)

determined
not

Chloroform

can not extracted

determined
not

DMF

can not extracted

determined

Table(2):
Effect of inhibitor type on the grafting of aqueous acrylic

acid

wt%) onto LDPE , irradiation dose ; 20 kGy
Inhibititor concn.

Degree of

wt%

grafting %

FeCl3

1.5

140

littel gel formed

FeCl3

2.5

120

littel gel formed

CuCl2

2.5

53.42

No homopolymer

CuCl

2.5

55.43

No homopolymer

Mohr's salt

2.5

72.87

No homopolymer

Diibitor type

230

Remarks

(30

Effect of Inhibitor Type:
In general, one of the

disadvantages

of

the

direct radiation grafting of water soluble

monomers is the fast homopolymerization without significant grafting yield. When this technique
is applied

to

radiation

sensitive

monomers such as acrylic acid, methacrylic acid,

the

polyfiinctional acrylates and their esters, the homopolymer is formed more rapidly than the graft (7)
. To avoid homopolymer formation, several methods have been applied
inclusion of metal cations such as Cu
used

as a

which involved the

and Fe. Ferrous ammonium sulfate has been commonly

homopolymerization inhibitor in many radiation-chemical grafting systems. (8) It had

been reported by Hegazy et al. ( 9 ) that FeCb effectively inhibits the homopolymerization process of
methacrylic acid during its radiation grafting onto fluorinated polymers.

Therefore,

the

necessary to minimize

addition

of redox compounds or inhibitors to the reaction medium is

such

homopolymer formation.In this connection, different types of

inhibitors are investigated for this grafting system; namely; FeCb , Cu Cb and ammonium ferrous
sulfate (Mohr's salt). The influence of inhibitor type on the grafting process is shown in Tables 2
and 3 in water and in methanol/water mixture, respectively. It can be seen that FeCl 3 and also
Mohr's salt are the most reasonable inhibitors in which the grafting process proceeds effectively and
higher

degree

of grafting

was

obtained as compared with that obtained in other inhibitors

investigated here. This behaviour is observed in Tables 2 and 3 for both diluents used (water and
methanol/water mixture).

It can be concluded that the addition

of

either

FeCb

or Mohr's salt to the reaction

medium is very effective to reduce the homopolymerization of AAc during irradiation process.
The use of Mohr's salt as a redox system resulted in a more homogeneous grafted films, however,
the

yield of grafting is lower compared to that for FeCb . Therefore, both inhibitors are used in

this work depending on the preparation conditions and the required yield of grafting (if high, so
is preferable for such purpose).

Effect of FeCb Concentration
The influence of FeCb

concentration on the grafting process of aqueous and alcoholic

AAc solutions onto LDPE films is

investigated

as shown in Figs. 1 and 2, respectively. It is

obvious that, as the concentration of FeCb increases the degree of grafting in aqueous medium
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Table(3):
Effect of inhibitor type on the grafting of AAc (30%) in presence of
MeOH/H2O- mixture (30/70 wt%) onto LDPE films at 20 kGy.
Inhibitor

Inhibititor

Degree of

concn., wt%

grafting, %

FeCl3

1.5

142

littel gel formed

FeCl3

2.5

121

littel gel formed

CuCl2

2.5

50

No homopolymer

CuCl

2.5

51

No homopolymer

Mohr's salt

2.5

61

No homopolymer

type

Remarks

Table (4):
Effect of metal salt on the grafting yield of aqueous AAc (30% wt % )
onto LDPE films. Irradiation dose; 20 kGy, Mohr's salt; 2.5 wt %.
Metal salt

Degree of grafting

Metal free

71

BaCl2

74

CaCl2

69

NRtCl

70

ZnCl2

73

NaCl

73

KC1

73

CuCl2

62

232

000

2-40
1-60
0-60
FeCl Concentration wt%J

300

Fig( 1) Effect of FeCl 3 concentration on the grafting yield of aqueous
AAc 30 wt.% onto LDPE; irradtion dose 20 kGv.

20
000

0-30

060

0-90

FeC I Concentration ( w t °U)
3
Fig(2) Effect of F e d 3 concentration on the grafting yield of AAc 30
wt.% onto LDPE; Irradtion dose 20 kGy; in water-methanol diluent.

significantly increases, but it tends to level off above 2.5 wt % FeC^ (Fig.l). By using methanol as
a diluent for AAc, the degree of grafting slightly increases with FeCb concentration to reach an
optimum value at 0.2 wt %. Thereafter it sharply decreases as the FeCb concentration increases.

It can be reasonably concluded that the addition of 2.5 wt% and 0.2 wt%FeCl3 to the
aqueous and

alcoholic AAc solution, respectively, inhibited effectively the homopolymerization

process. Further increase in FeCb concentration may resulted in its diffusion into the interior region
of polymer matrix and thus reducing both the grafting and homopolymerization processes. This is
caused by the

energy transfer effect which decreases the efficency of formed free radicals and

growing graft chains without initiating new grafting sites. Such a case is more pronounced in
alcoholic medium in which the diffusion of Fe3+ is high and may enhances the decay of free
radicals.

Therefore,

lower

grafting

yield

is achieved in alcoholic medium compared to that

obtained in aqueous medium.

Effect of Solvent-Mixture Composition
The influence of methanol -water composition on the grafting yield of AAc (30 wt%) onto
LDPE films is determined as shown in Fig.(3 ). It can be seen that the grafting degree increases
with decreasing MeOH content reaching a maximum degree of grafting in the pure aqueous AAc
solution. This result shows that the higher diffusivity of monomer through the grafted layer of
LDPE film is enhanced

in the pure aqueous monomer solution due to the improvement of

hydrophilic properties. This is gained by grafting of acrylic acid onto LDPE specially at the first
stage

of

grafting which occurred near the film surface. It can be concluded that, the use of

distilled water as a diluent is very reasonable without addition of organic solvent. This is a good
advantage from the economical point of view for practical applications.

Effect of Metal Cations On The Grafting Process:
Inorganic metal

salts were added to the reaction mixture in an attempt to optimize the

grafting conditions. Inclusion of appropriate additives in the grafting solution may enhance the
properties of resulting

system,

in particular, their presence may lead to an increase in

copolymerization grafting yield.
In the present work the effect of different cations, such as Ba2+ , Ca2+ , Zn2+, Na+ , K+,
Cu2+ and N H / on the graft polymerization of AAc onto LDPE films is shown in Table (4). It
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Fig(3) Effect of solvent composition on the grafting of AAc onto LDPE
films. Monomer concentration; 30 wt.% and irradiation dose; 20 kGy.

1

2

3

Irradiation Time( h )

2

F«g(4) Effect of total irradiation dose on the grafting of AAc onto LDPE
aims. Monomer concentration; 30 wt.%.

can be deduced that the grafting yield is somewhat affected by the addition of such metal cations.
However, a pronounced effect of homogenity in grafting is observed in case of addition of N H / ,
K+ , and Na + (monovalent cations). The little enhancement of grafting due to the addition of the
aforementioned cations
carboxylic acid groups
monomer

may attributed to the formation of a complex between the metal salt and
of

acrylic acid . Such a complex formation may raise the polarity of the

and leading to an increase in the conjugation energy of Fl-electron of the C=C of vinyl

group of A A c ( I 0 ) . Therefore, in such a case the formation of longer grafted chains is expected, and
higher degrees of grafting

are

obtained. Such complexation process is also resulted in highly

homogeneous distribution of graft chains in the whole bulk of polymer.

Effect of Mineral and Organic Acid As Enhancer for Graft Polymerization
Recently, the acid enhancement effect in radiation grafting of monomers onto PE and the
use of these copolymers for enzyme immobilization and related reactions was reported by Garnett
e tal.<">.

In the present
induced graft

study, the effect of different mineral and organic acids on the radiation-

polymerization of aqueous acrylic acid onto LDPE films is shown in Table (5). It

can be seen that, there is a significant enhancement observed when oxalic acid is added to the
reaction

medium. However, all other mineral acids used have no enhancement effect and the

grafting yield is somewhat reduced.

However, a more homogeneous grafting is obtained when

these acids are added to the monomer solution.
The enhancement of graft copolymerization in the presence of oxalic acid can be explained
by

assuming

that the acid facilitates the hydrogen abstraction reaction from an adjacent polymer

molecule (PH) by

monomer

solution

radicals MR*

to give more grafting sites ( P )by the

following mechanism (I2) :PH + M R ' - H ^ P * +MRH
Thus, the effect of acid would appear to be predominantly to a radiation chemistry phenomenon
consistent

with

the observation by Bexedale and Hellows

methanol increases G-value of hydrogen {G(H )} appreciably.
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(13)

that the addition of acid to

Table(5) :
Effect of different mineral and organic acids on the grafting of AAc
onto PE Films; Monomer concentration (30 wt.%); Dose; 10 KGy
Acid

% Grafting

HC1

78.16

H2SO4

93.66

HOCI4

70.6

(COOH)2

160.13

HNO3

96.1

Acid free

121
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Effect of Irradiation Time:
60

As this graft polymerization is initiated by gamma radiation
proceedes

Co in which the reaction

by radical mechanism. Therefore, the grafting is governed by the concentration of free

radicals formed in both

polymer

substrate and monomer solution. The influence of irradiation

time on the grafting yield of aqueous AAc onto LDPE film is investigated and shown in Fig.(4 ). It
is

clear that the degree of grafting at the initial stage, almostly increases linearly with irradiation

time up to 100 min. Thereafter, at the second stage, it tends to level off at higher irradiation time.
These results are reasonably coincident with the typical behaviour of the concentration
of

formed free radicals as a function of irradiation time (exposure dose); in which the amount of

free radical increases with
varied from system

to

dose
other

to reach a maximum at a certain dose. Such saturation dose is
depending

on

the chemical structure and morphology of the

polymeric materials.
CONCLUSION
It can be concluded that the homogeneous PE-PAAc graft copolymer films of practical
interest can be obtained by using water and/or methanol-water mixture as a diluent and FeCb or
Mohr's salt should be added to inhibit the homopolymerization process. The presence of oxalic acid
as enhancer can be used to obtain homogenous graft copolymer films having high degree of grafting
. The addition of metal cations to the grafting reactants resulted in high homogenous distribution of
graft chains in the whole bulk of polymer.
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Ionic Membranes Obtained by
Radiation-Induced Graft Copolymerization
II. Characterization and Waste Treatment
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H.F.ALY*
* Hot Labs. Center, Atomic Energy Authority, P.O. 13759, Inshas, Egypt
** National Center for Radiation Research and Technology,
Atomic Energy Authority, P.O. 29, Nasr City, Cairo, Egypt.
ABSTRACT
Ionic membranes were prepared by radiation-induced grafting of acrylic acid onto low
density polyethylene films. To elucidate the possibility of practical use, a study has been made for
the characterization of the grafted and chemically treated membranes. The selectivity of such
prepared membranes towards the chelation or complexation of different alkali metals was
investigated, to find that the higher affinity is observed for K+, Na+ and Li+ ions compared to
other alkali metals used. The metal uptake percent was determined using different techniques;
flame photometer and X-ray fluorescence (XRF). The uptake of metal from its feed solution by
the grafted membrane increased as the degree of grafting increased, i.e. it is directly proportional
to the content of functional carboxylic acid groups in the graft copolymer. As a consequence, the
electrical conductivity of metal feed solution decreased during such process of metal chelation by
the membrane. The higher the grafting degree of membrane, the lower the electrical conductivity
of metal feed solutions observed. The changes in thermal properties of the prepared membranes
were investigated and characterized using differential scanning calorimeter (DSC), and thermal
gravimeteric analysis (TGA). The thermal stability of these membranes increased with degree of
grafting due to the formation of crosslinked network structure via hydrogen bonding.
Furthermore, such stability is enhanced for the alkali-treated membranes even at high elevated
temperatures. The prepared membranes showed a great promise for possible use in some
practical applications such as metal waste treatment.
INTRODUCTION
Radiation-initiated grafting covers a very broad field of polymer chemistry with numerous
potential applications of industrial uses over the last 25 yearsO"6). The grafted membranes by
Co^0 gamma-rays showed good durability, thermal and chemical stability, acceptable for practical
use in reverse osmosis desalination of sea waterO), and also for recovery of metals by chelation
or complexation(7-9)
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In recent years there has been a resurgence of interest in membrane technology as one of the
tools to overcome the many increasingly difficult problems passed by our growing need to
recover valuable materials from waste and to prevent or correct damage to the environment.
The present study is dealing with the investigation and characterization of membranes obtained
by radiation grafting of acrylic acid onto LDPE films. The possibility of their practical use in
waste treatment is investigated.
EXPERIMENTAL
1- Materials
Low density polyethylene (LDPE) films were supplied from (El-Nasr Co. for Medical
Supplies, Egypt). Acrylic acid (AAc), Merck, purity 99% and all other chemical reagents were of
A.R. grade and used without further purification.
2- Methods and Techniques
The grafted membranes were prepared by using the direct radiation grafting of AAc onto
LDPE films as mentioned in the previous articlevK)).
3- Synthesis of the Graft Copolymer Metal Complexes
The different graft copolymer metal complexes of grafted LDPE films were prepared by
refluxing them with 0.1M (NaOH, KOH, LiOH) for 3 h at 100'C. The Rb-and Cs-metal acrylates
were prepared by warming the grafted films with the respective solution of metal salts (RbNO3,
CsCl) at z60"C. The treated films were then dried in a vacuum oven at 50"C and weighed.
4- Flame Photometer
Corning flame photometer 410 was used for quantitative analysis for Na, K and Li of
concentrations that ranged from 0-1000 ppm.
5- X-Ray Fluorescence (XRF)
The apparatus used is HNU, TEFA-PC X-ray fluorescence analyzer system USA, it is used to
confirm the existence of metal complex which may be formed in the graft copolymer.
6- Electrical Conductivity:
Conductivity measurements are carried out using digital conductivity meter of type HT- 8820
from HANNA instruments. The range of measurements was from 0-99.9 ms.
7- Thermogravimetric Analysis(TGA):
The apparatus used is thermogravimetric analyzer(TGA), Shimadzu, Japan and analysis is
carried out in the range from 20 to 600*C.
8- Differential Scanning Calorimetry (DSC):
The apparatus used is (DSC) (Perkin-Elmer) equipped with a DSC-7 data station.

RESULTS AND DISCUSSION
The possibility of practical use of the prepared grafted membranes is thoroughly investigated in
this work. Some selected properties and characterization of these materials are considered
Accordingly the possible uses in some practical applications are determined. In this respect,
swelling behavior , electrical properties , thermogravimetrical analysis and differential scanning
calorimeter , and metal chelation and complexation by X-ray fluorescence (XRF) and flame
photometer, will be presented and discussed in this work.
1-Swelling Behavior:
Figure(l) shows the effect of grafting degree on the water uptake percent for the untreated
LDPE-g-PAAc films. It can be seen that the water uptake increases as the degree of grafting
increases. However, at higher

degree (>200%) a curvature relationship is obtained. The

percentage water uptake per degree of grafting becomes lower at such high degree of grafting if
compared with that found at lower degrees of grafting
Results showed that the grafting of AAc onto hydrophobic LDPE films resulted in introducing
good hydrophilic properties to such polymer substrate. The hydrophilic properties is directly
proportional to the amount of functional groups of carboxylic acid introduced by grafting,
especially in the first range of grafting less than 200%. At the second stage, the content of
crosslinking network structure formed in the grafted membrane becomes high and this resulted in
a curvature relationship at high degrees of grafting. This is due to the decrease of diffisivity of
water through the network structure.
In general, it can be concluded from this result that the prepared membrane possesses good
hydrophilic

properties suitable for its practical use as ion-exchanger and/or semipermeable

membrane.
2- Electrical Properties:
In this study, the decrease in the electrical conductivity of the metal feed solution caused by
metal removal via chelation or cornplexation with the grafted membrane is determined for
different metal ions In other words, the electrical conductivity for the grafted membranes is
indirectly determined with respect to conductivity of a certain metal solution.
Figure (2) shows the change in the electrical conductivity for the metal feed solution after the
grafted membrane have been treated with that solution. The metal uptake by grafted membranes
causes a decrease in its concentration in the feed solution. As a consequence, a decrease in
electrical conductivity of the feed solution is expected. The absolute value of decreasing the
electrical conductivity is indicative behavior for the extent of metal chelation or complexation
with the grafted membrane. From the results shown in Figure (2), it can be seen that the electrical
conductivity of feed solution decreases with increasing the degree of grafting This behavior is
observed for Na + , K+, and Li+ solutions However, no significant change in the electrical

0
0

100

200

300

400

Degree of Grafting(?/o)
Fig.(l) : Water uptake percent as a function of grafting degree for the LDPE-gfilms .
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0
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Degree of Grafting(%)

300

Fig.(2) : Change in electrical conductivity for different metal feed solutions with
degree of grafting .
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conductivity of Cs + and Rb+ solutions. Meanwhile, the electrical conductivity of feed solutions is
in the following order;
Na+ > K+ > Li+ > Cs+ > Rb+
Results can be reasonably explained by considering that the metal ion is chelated or complexed
with the carboxylic acid groups of the grafted chains in the membrane. The content of metal
uptake increased as the content of functional carboxylic acid groups increased in the membrane.
In the alkaline metal solutions of (Na+, K+ and Li+), the chelation and/or complexation process is
much higher as compared with other alkali metal solutions of (CsCI and RbN03). Therefore, it
can be concluded that the prepared grafted membranes possessed high ion selectivity towards
Na+ > K+ > Li+ , but its selectivity towards Cs+ and

Rb+ is rather poor. This behavior is

postulated from negligible change in the electrical conductivity of their feed solution.
3- Thermal Stability of The Grafted Membranes:
3-a: Thermal gravimetrical analysis (TGA):
Thermal resistance is a description of a chemical stability of a polymer at high temperatures, in
vacuo, in air, or in an inert atmosphere. Thermal resistance is defined as the temperature of
thermo-oxidative degradation of the polymer, accompanied by the evolution of volatile products.
As a result, the weight of the polymer specimen decreases; the determination of this weight loss is
the principle of different variants of thermogravimetric analysis (TGA). The temperature at which
the loss in weight occurs is taken to be the decomposition temperature(TD). In general, thermal
decomposition" takes place in multistage, where the moisture region is responsible for the first
stage of weight loss; the more the water uptake the lower the decomposition temperature(TD) at
which the weight loss is observed.
Tables (1,2 ) show the thermogravimetric analysis of the grafted and ungrafted LDPE films.
It can be seen that the first stage of thermal decomposition of LDPE starts at 340°C and the
weight loss is only ~9 %. At 428°C, almost 50% of the sample weight is lost and finally the
complete weight loss is observed at 600°C. The grafted LDPE films having various degrees of
grafting in the range from (8-216%) also possess different similar stages of thermal
decomposition. However, such stages occurred at a little lower temperatures than those for
ungrafted LDPE films. Meanwhile, the higher the degree of grafting, the higher the weight loss,
at a given elevated temperature. The weight loss for the investigated membranes at different
stages of thermal decomposition is shown in Table (1). It can be seen that, at a certain
temperature, the weight loss increases as the degree of grafting increases. However, the grafted
materials still possess high thermal stability even at relatively high elevated temperatures (less
than35O°C).
The aforementioned results obtained by TGA can be classified into three main stages of
thermal decomposition. The first stage in the range from 5O-23O°C which represents the
2hh

Table (1):
The effect of degree of grafting and temperature on thermal
decomposition of the grafted and ungrafted LDPE films.
Degree of grafting

Weight loss

Temperature

l / 01

340

9

428

49.7

600

99.7

340
418
595

12
24
100

48.3

340
420
599.9

18.6
37.2
100

70

340
460

22.9
42

599.5

99.2

92

340
460
531.6

24.9
46
99.3

213.2

340
460

35
50.9
100

0

82

536.3
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Table (2):
Effect of metal ion on the thermal stability of grafted membranes
having different degrees of grafting.
Element

Li

Degree of
grafting
91.1

Temperature

Weight loss

oC

(%)

340
460

22.5
31.5
53.5

599.3
Na

K

Rb

Cs

91.1

257.5

71.7

373

340
460
599 4

18.3

340
460

21.1
27.5

599

45.0

340
460

153
22.9

599

43

340

167

460

26.7

599

49.3

24.3
46.2
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dehydration process accompanied by weight loss that ranged from 4 to 8% for membrane having
various degrees of grafting (0-213%). The second stage of thermal decomposition is observed at
temperatures ranged from 230 to 460°C. This stage of thermal decomposition is due to the
degradation of side graft chains and some of network crosslinks which may break down at such
high elevated temperature. The last stage occurs at temperature from 460-600°C. The complete
deterioration of both crosslinks and whole bulk of polymer occurs at this temperature region,
near 600°C.
Table(2) shows also the effect of the degree of grafting and temperature on the thermal
decomposition of the treated grafted LDPE films. From Table(2), it is obvious that, the thermal
stability is enhanced

for the alkali-treated membranes even at high elevated temperature.

However the three stages of thermal decomposition are clearly observed for the different metal
ions treated membranes The influence of such incorporated metals in the grafted membranes on
the improvement of their

thermal stability is significantly occurred, if compared with the

untreated grafted membranes.
3-b: Differential scanning calorimeter (DSC):
The knowledge on the changes in thermal properties of polymeric materials is very important
for their practical applications as well as for the characterization and determination of the
chemical and physical changes. Thermal properties of the graft copolymers obtained by radiation
induced grafting of AAc onto LDPE films, were performed using differential scanning
calorimeter (DSC).
The melting temperature (Tm) and recrystallization temperatures(Trc) (by cooling from
their molten state), and the change in their heats (AHm, and AHrc) are determined for the
different prepared grafted membranes.
Tab!e(3) shows the changes in these thermal parameters with the degree of grafting.
It was observed that, no crystallization peak is formed for PE or its graft copolymers (PE-gPAAc) at first or second heating runs . However, these polymers and graft copolymers were
recrystallized on cooling from the molten state at the temperature of recrystallization (Trc). The
heats of melting (AHm) and recrystallization (AHrc) of these materials were determined from the
area of the corresponding transitions in the DSC scans. Table (3) shows the changes in AHrc,
AHm, Trc and Tm with the degree of grafting. It is clear that as the degree of grafting increases,
the melting temperature decreases and the heat of melting decreases, while as in cooling, as the
degree of

grafting increases, the recrystallization temperature decreases and , the heat of

recrystallization decreases. This is due to the restriction of chain mobility by crosslinked network
structure caused by radiation -induced grafting of AAc onto PE polymer substrate.
The regions of order are normally termed crystallites, to emphasis their small size compared to
ordinary crystals. The properties of materials contained in crystallites or ordered regions is
termed the degree of crystallinity. The melting points of these crystallites depend on their size.
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Table (3):
Changes in Allrc ,AHm Trc andTm with the degree of grafting.
Degree of grafting %

Tm

AHm

°c

Trc

AH re

oC

0

105.6

78.5

94.4

J/R
74.7

8.2

111.4

75.3

94.3

91.3

70

110.6

47.7

92.5

48

91

110.0

40.2

92.4

40.5

213

110.2

20.5

92.8

20.9

373

107 9

5.3

89.3

5.5

Table (4) :
Simulated medium active waste solution (MAW) in aqueous nitric acid (1 M )
Element

concentration
(g/1)

I •>

023
15
0.08
0.0030
0.14
038

1i

608

Al
Ca
Cr

Cs
O.

Mg
Mn
Mo
Nn
Ni
Sr
Zn
Zr
HNO3

075
0 08
038
81 14
008
0 001
0 15
008
1 mol/1
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The size of the individual crystallites may be limited by the presence of branches. Since smaller
crystallites usually melt at lower temperature than larger ones, the presence of branches will reach
the melting temperature of the branched PE, at lower temperature than linear PE. Moreover, the
range of melting temperature is much greater because of wider dispersion of crystal size.
4-Metal Chelation and Complexation:
Metal uptake by complexation with the free carboxylic acid groups of the grafted membranes
are determined using two techniques; flame photometer (FP) and X-ray fluorescence (XRF).
Figure (3) shows the metal uptake percent as a function of grafting degree for different metals;
K+1 Na\ and Li* which are determined by FP. It can be seen that the metal uptake percent
increases with the degree of grafting for all metal ions investigated. However, at high degree of
grafting, it tends to be a curvature relationship. Meanwhile, the K+-uptake percent is higher than
that for Na+ and Li+, respectively.
In order to simulate an aqueous nitric acid medium active waste (MAW), the mixture given in
Table (4) was prepared(H). The percent uptake of such prepared metal solutions is determined by
immersing the grafted membranes for about 48 hr (to reach equilibrium) and then measured by
XRF!

The ion selectivity is clearly shown in Table(5), in which the concentration of metal uptake or
complexation with the membrane is highly dependent on the chemical form of carboxylic acid
groups derivatives. The order of metal uptake for the different carboxylic acid acrylate
membranes is shown to be as follows:
Ni (20%)> Fe(19.7%)> Cr(16.7%)> Zn(14.3%)> Ca(8.5%) >Cu(7.5%)> Cs(6.2%)>Zr(1.7%).
This order is changed by converting the carboxylic acid groups into their sodium carboxylates (COONa) to be as follows:
Cu(31 8%)> Ni(14.8%)> Fe(13.7%)> Cr(12.9%)>Ca(8.4%)> Zn(4.8%) >Mo(4%0>Zr(3.5%).
It is noted that, the order is not only changed by such chemical conversion but also the
percentage of metal uptake is differed. This is due to the change in ion exchange properties and
selectivity of membrane towards the metal ions by its conversion into Na-acrylate form. The
carboxylic acid group of membrane was converted into -NHOH group by acylation reaction, in
which the acid chloride is prepared by reacting the carboxylic group with thionyl chloride then
treated with hydroxyl amine to give hydroxamic acid as follows:
R-CO - OH + SOC12 -—-> R-CO - Cl + SO2 + HC1
Acylchloride reacts rapidly with compounds containing active hydrogen e.g. (oxygen,
nitrogen,sulphur). After the treatment of membranes with thionyl chloride, membrane is treated
with hydroxyl amine to give hydroxamic acids as follows:
R-C0-C1 + NH2 - OH -—> R-CO- NHOH + HC1
Such conversion resulted in a surprise change in ion selectivity towards zirconium, which
compete strongly with other metals in the simulated waste solution.
2*49

0
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100

200

300

Degree of Grafting (%>)
Fig.(3): Metal uptake percent as a function of grafting degree;
(0) K - measured by weight
( )K

increase.

- measured by flame photometer

( ) Na -measured by flame photometer
( ) Li

-measured by flame photometer
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Table (5):
Metal uptake percent by different grafted membranes from simulated MAW
ague oussajution a n d d e tected by X RF *.
Membrane form

Degree of

Grafting

Metal uptake (%)

Ca

Cr

Fc

Ni

Cu

Zn

Sr

Zr

Mo

Cs

U

(%)
LDPE-g-PAA C O O H

95

8.5

16.7

19 7

20

7.8

14.3

N

1.7

4.5

6.2

0.5

LDPE-g-PAAC00Na

95

8.4

12.9

13.7

14.8

31.8

4.8

N

3.5

4

N

0.4

LDPE-g-PAA C O N H OH

120

8

5.5

6.3

3.9

1.1

1.5

N

64

8.8

N

0.3

1000

10

7.9

39.4

12.4

6.2

5

N

5.7

10

N

2.3

LDPE-g-PAAC00Na

(N ) :Ncgligable uptake
(* ) :Metal ions which are not presented in this table, were not detected on the membrane.
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It is interesting also to find that the all membrane forms do not absorb the monovalent metals
(Na, Cs) which exist in the simulated mixture solution. This is due to their weak complexation
with the membrane and they are replaced by multivalent ions. The other multivalent ions form
strong chelating or complexation bonds with the membrane and as a consequence their uptake is
highly pronounced.
It was reported <13) that zirconium present in several species, that can coexist in aqueous
solutions (eg. Zr*+, ZrOH 3+ , Zr3(OH)48+), and perhaps, other polynuclear species may exist.
The distribution of zirconium species depends on.tbe-zireonium concentration and the acidity, the
monomeric species Zr 4+

predominates at high acidities - 3 5 M HNO3, whereas ZrOH 3+

predominates at low acidities values (~0.5 M). Since the simulated waste solution prepared with
1 M aqueous nitric acid, the most probable species is ZrOH3+ Such strong trivalent cations has a
strong tendency to the free electrons existing in the membrane form R-CO-NHOH which has free
unpaired

electrons. This results in removing almost all Zr from the simulated (MAW) by

complexation with this type of converted membrane form. This may explain the high affinity of
membrane of the type R-CONH-OH form towards Zr, compared to other membrane forms.

CONCLUSION
It can be concluded that the grafted membranes possessed high thermal stability and no
significant

change in their thermal parameters are occurred by grafting with such reactive

functional groups of carboxylic acid. The dcrease in metal uptake for the membrane having very
high degree of grafting (1000%) is due to the high content of crosslinking network structure
which prevents or restricts the diffusivity of metals through such network structure. The type of
chemical conversion for the carboxylic acid groups of graft chains in the rfiembrane has a great
effect on its selectivity and uptake towards different metal ions. The conversion of the membrane
into R-CONH-OH form resulted in a highly selective membrane towards zirconium, which is the
most contaminant element for uranium in its recovery process from waste solution. This is a good
advantage for the practical use of such membrane in the recovery process of uranium by the
removal

of zirconium

from its solution, specially, this membrane has no affinity towards

uranium.This makes such membranes acceptable for practical use in the field of waste treatment.
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GRAFT COPOLYMERS OF POLYPROPYLENE FILMS.
1. RADIATION INDUCED GRAFTING OF MIXED MONOMERS
K.M.EI-SALMAWI, A.M.EI-NAGGAR, H.M.SAID And A.H. ZAHRAN.
Radiation Chemistry Department, National Center for Radiation Research and
Technology, Atomic Energy Authority, Cairo, Egypt.

ABSTRACT

Radiation graft copolymerization of comonomer mixtures of acrylic acid (AAc) and
styrene (S) onto polypropylene (PP) films by the mutual method has been investigated.
The effect

of different factors that may affect the grafting yield such as inhibitor

concentration ( Mohr's salt), solvent composition (MeOH and H2O), radiation dose and
dose rate was studied. It was found that the role of Mohr's salt is very effective when the
ratio of AAc in the comonomer mixtures was at low extents. However, the addition of
1.25 wt% of Mohr's salt reduced the homopolymer formation and enhances the grafting
process. Graft copolymerization in presence of solvent mixture composed of methanol
and water was found to affored higher grafting yield than in pure methanol regardless of
the composition of the used comonomer mixture. However, the highest degree of
grafting was obtained at a solvent composition of 20% H2O : 80% MeOH for the
comonomer mixture of 20% AAc : 80% S. An attempt was made to determine each
PAAc and PS fractions in the obtained graft copolymer. Elemental analysis indicated that
PAAc fraction with respect to PS in the graft copolymer decreases with increasing AAc
ratio in the comonomer feed solution. The roughly assessment of these fractions by IR
spectroscopy showed similar trends. The determined reactivity ratio of AAc and S

monomers in the present graft copolymerization system was found to be 0.5 and 2,
respectively.

INTRODUCTION

Grafting of polymers

with mixtures of vinyl monomers is important since

different types of polymer chains containing various functional groups can be introduced
in the polymer structure. Thus graft copolymers of dual properties can be obtained by
controlling the conditions of grafting and selecting the appropriate pair or more of vinyl
monomers. Grafting mixtures of acrylic acid with acrylamide or methacrylic acid onto
polypropylene fibers by radiation method was reported(1). It was found that the graft
yield when pure acrylamide was used is smaller than if used in mixtures with acrylic acid
and decreases when acrylic acid / methacrylic acid mixtures are used. Comonomer
mixtures of acrylamide and styrene were also grafted onto polypropylene by radiation
method in presence of different solvents(2).

The suitable diluent for the comonomer,

different factors that affect the cografting process and some properties of the grafted
material such as

electrical conductivity were investigated. The present work was

undertaken to study the effect of different factors affecting the graft copolymerization of
comonomer mixtures of acrylic acid and styrene onto polypropylene films by direct
radiation method. Moreover, an attempt was made to characterize the obtained graft
copolymers by IR spectroscopy, elemental analysis and reactivity ratio.

EXPERIMENTAL

Materials
Polypropylene film: It is an isotatic polymer of homogeneous thickness(20 \xm) was
kindly supplied by Tecno Back Company, Cairo, Egypt.
Monomers and chemicals : Acrylic acid ( Prolabo, France) and styrene (Koch Light
Ltd, England) are of pure grade and used without further purification. The used solvents
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methanol and benzene are of pure grade. Ferrous ammonium sulphate (Mohr's salt),
British Drug House, England, was used to reduce the homopolymer formation.

METHODS AND TECHNIQUES

Graft copolymerization: Strips of polypropylene films (PP) of known weight were
immersed in

different grafting solutions in glass quick-fit tubes. The grafting solutions

were composed of mixtures of acrylic acid (AAc) and styrene (S) monomers at different
ratios that dissolved in different solvent compositions of methanol and water. Mohr's salt
of certain concentration was added to the grafting solution, the contents of the glass
tubes were deaeriated by bubbling nitrogen gas for 5 minutes and then subjected to
gamma irradiations. Irradiation to the

required doses was carried out in the cobalt-60

gamma rays at dose rate source of the National Center of Radiation Research and
Technology, Cairo.Egypt. The grafted PP samples were removed and throughly washed
and extracted with benzene to get rid of the unreacted monomers and homopolymer
untill constant weight is reached. The total degree of grafting (TDG) was determined by
the percentage increase in weight as follows :TDG(%) - Wg - Wo / W o ) x 100

[1]

where Wo and Wg represent the weights of the initial and grafted samples, respectively.
IR Sperctroscopy: AFTIR Spectrophotometer, model Mattson 1000, Unicam was used
over the range 400-6000 cm"1 of wave number.
Elemental

analysis: The grafted PP films with

the comonomer mixture under

investigation were analyzed by elemental analysis of carbon and hydrogen at a heating
rate of 10 °C/mn. University. The oxygen weight in the samples was determined by
substracting the sum of

weights of carbon and hydrogen elements weights from the

initial weight of the sample.
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RESULTS AND DISCUSSION

Effect of Inhibitor ( Mohr's salt)
Figure 1 shows the effect of Mohr's salt concentration on the total degree of
grafting for the comonomer mixtures of 20% AAc:80% S and 50% AAc:50% S,onto PP
films. The grafting conditions are kept constant at solvent composition of (20%
H2O:80% MeOH), comonomer mixture concentration 10 wt.% and radiation dose of 2
Mrad. It can be seen that the total degree of grafting increases with increasing Mohr's
salt concentration to reach a maximum at about 1.25wt.%. Further increase of the
Mohr's salt concentration cause a sharp decrease in the TDG. This behaviour was found
to occur regardless of the composition comonomer mixture. However, the TDG in the
case of the comonomer composition of (20% AAc : 80% S) is much higher than that in
the case of (50% AAc: 50% S) comonomer mixture. Thus it can be said that, increasing
styrene content in the comonomer mixture is found to increase the TDG. Also, the role
of Mohr's salt as a homopolymer inhibitor is very effective when AAc content in the
comonomer mixture is a minimum.
The above findings may be explained on the basis of chain transfer to the
backbone polymer from the growing acrylic acid ends and not from styrene ends in the
presence of Fe2+ ions.

In a similar system delt with the grafting of individual acrylic

acid and its mixtures with acrylamide instead of styrene onto pp in presence of Fe2+ ions ,
opposite trends were observed(1). It was reported that the graft yield in the case of using
acrylic acid in grafting is much higher than using mixtures with acrylamide even at equal
ratios of the two monomers. Also, it was suggested that the end chains of acrylamide is
scavengered by Fe2+ very effectively and decreased the total graft yield. Generally, the
grafting process of comonomer mixtures is critically controlled by other factors than the
interaction of the formed radical species with the Fe2+ ions present in the grafting
medium. The reactivity ratio of each monomer in the comonomer mixture may be one of
these factors. The proposed mechamism for the inhibition of homopolymer formation
and thus increasing the grafting yield in presence of Fe2+ ions may be outlined as follows
taking acrylic acid as an example:
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Figure.2

Effect of varied concentrations

Figure. 3 Effect of radiation dose on the degree

grafting yield (TDG) of different acrylic acid

of comonomer mixture composed of 20%

of grafting comonomer mixture of 20%AAc and

(AAc)/styrcne

comonomer mixtures onto

AAc and 80% S (v/v) on the grafting

80%S

polypropylene films (PP). ( ) 20% AAc : 80% S.

yield on PP films. Grafting conditions :

Grafting conditions : solvent composition and

(

solvent composition : 20% H20 : 80%

Mohr's salt cone, are the same as in Fig.2.

(S)

) 50% AAc : 50% S. Grafting conditions :

comonomers

mixture

cone.

10%

solvent

composition: 20% H20 : 80% MeOH. radiation
dose: 2Mrads.

MeOH (v/v). radiation dose : 2 Mrads.
Mohr's salt cone. 1.23 \vt.%.

onto PP films at different dose rates.

H
I
P + CH2 = C- COOH -> P.- CH2 - C- COOH

(graft copolymer)

H
where P represents the macromolecular radical of polypropylene polymer as a result of
the interaction of gamma radiation.
H
CH2-C
I

H

H

H

+ CH2 = C -> CH2-C-CH2-C
(
I

COOH

COOH

(homopolymer)

COOH COOH

Termination by the metal cation Fe2+ proceeds as follows :
Fe2+ + M - » Fe3+ + M

(Inhibition of hompolymer)

H
Fe 2f + H + + P-CH 2 -C-» Fe3* + P-CH2-CH2-COOH (Termination of graft chains)
COOH
The sharp decrease in graft yield observed at relatively higher concentration of Mohr's
salt may be due to the difflision of the the inhibitor itself into the interior regions of the
PP film. Thus the inhibitor may interact with the free radicals formed during irradiation
and therefore decrease the graft yield.
EFFECT OF SOLVENT AND COMONOMER COMPOSITION

Table. 1 shows the effect of

different

solvent

compositions

of water and

methanol on the total degree of grafting of comonomer mixtures of varied acrylic acid
and styrene ratios onto polypropylene film. It is to be noted that the comonomer mixture
concentration is kept constant at 10% while the radiation dose and dose rate were kept
constant at 2 Mrad and 0.45 Mrad/hr, respectively. Also, every data given in this table is
the average of three experiments.

In general, regardless of the used comonomer mixture, the variation in the degree
of grafting undergoes similar trends. It increases with increasing water ratios in the
grafting solution to reach a maximum value at a certain solvent composition and then
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Table. 1 Effect of Difference Solvent Compositions of Water and Methonal on the Total Degree of Grafting Comonomer
Mixtures of Vaned Acrylic acid and Styrene Ratios Onto Polypropylene.

OS

O

Solvent

Total Degree Grating ( % )

Composition

Comonomer Mixture ( AAc : S v/v%)

H;O

MeOH

(v%)

(y%)

10:90

20:80

30:70

40:60

50:50

60:40

70:30

80:20

0

100

14.9

51

54.0

46.3

35.3

10.5

7.2

5.3

10

90

35.6

104.9

111.5

74.8

56.4

12.6

9.3

7.5

20

SO

106.2

301.5

114.0

S2.6

71.2

33.5

27.5

10.5

30

70

110.0

292.5

150.0

153.2

109.5

S5.5

49.7

32.5

40

60

106.6

270.0

135.2

134.2

129.0

120.0

69.5

35.4

50

50

75

198.0

131.3

123.2

103.5

81.5

73.0

36.2

60

40

80.4

87.6

117.3

103.5

94.5

80.4

70.7

28.2

70

30

70.3

39.2

. 72.3

90.0

83.6

62.2

49.4

1S.5

Grafting conditions: comononier mixture cone, with respect to total graftina solution. 10v% Mohrs cone 1 ^
radiation dose. 2 Mrads.
" "

tends to decrease. For the comonomer mixture containing 10% AAc, the maximum TDG
has no difinite value but it lies between range of solvent compositions. However, the
maximum TDG for the comonomer mixtures having 20% and 30% AAc can be observed
at solvent compositions of 20% H2O: 80% MeOH and 30% H20:10% MeOH,
respectively. Also, it Can be seen that the maximum TDG value increases with increasing
AAc

ratio in the comonomer mixture up to 20% and then tends to decrease irrespective

of the used solvent composition.
Based on the above findings several points may be addressed :
1. Overall the studied comonomer mixtures, it is evident that solvent composition
displays an essential role on the TDG.
2. In pure methanol, it can be seen that increasing AAc ratios in the comonomer
mixtures from 10% to 30% is accompanied with a rapid increase in the TDG from
15% up to 54%. Further increase in AAc contents seems to cause a gradual decrease
in TDG.

The observed increase in TDG at first may be explained on the basis of the

respective solubility parameters of the used species in the grafting bath. In this regard,
acrylic acid is more soluble in methanol than styrene to some extent due to the close
values of their

solubility parameters. Also, polypropylene polymer radical may

undergo maximum swelling in this mixture which facilitate the diffusion of the
comonomer solution to the active sites. At higher ratio of AAc monomer in the
comonomer mixture, it seems that the synergietic effect arised from the difference in
reactivity ratio of each monomer contribute in the grafting reaction. This is in turn
may lead to the decrease in TDG. This is beside the swelling of polypropylene
polymer in styrene monomer is much higher than that in acrylic acid due to the closer
solubility parameters(3): the solubility parameter for styrene is 9.3 and for acrylic acid
is 12.0 (cal/cm')1/2 ,while for polypropylene is 9.2(cal/cm?)I/2 . This may give an
account

for the obtained high TDG at higher styrene ratios in the comonomer

mixture.

3.

In the case of using solvent compositions containing different proportions of

water and methanol, the solubility parameter character still has a great effect on the
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TDG, depending on the comonomer mixture: the steady decrease in the maximum TDG
values observed by increasing AAc ratios over 20% may be attributed to the tendency of
AAc monomer to homopolymerize rather than inducing grafting reactions. Accordingly,
the viscosity of the comonomer mixture solution will increase and results in decreasing
the diffusion into the polymer matrix. For this reason, the effect of comonomer mixture
concentration on the degree of grafting comonomer mixture composed of 20% AAc and
80% S. is studied and shown in Fig.2. It is clear that the TDG increases with increasing
comonomer mixture concentration up to

10% and then tends to level off. This

observation also indicates that, above this concentration the viscosity of the comononer
mixture will increase and hindered the grafting reaction .

EFFECT OF RADIATION DOSE AND DOSE RATE.

Figure 3 shows

the effect of radiation dose on the degree of grafting of

comonomer mixture of acrylic acid and styrene at a ratio of 20% and 80% respectively,
onto PP films at different radiation dose rates. It can be seen that the grafting yield
increases rapidly with increasing radiation dose from lMrad to 3 Mrad and then tends to
level off. Also, the lower the dose rate the higher the grafting yield is obtained.

In the direct grafting method , the number of graft chains formed and their
lengths are influenced by radiation dose and dose rate. The dose rate, which evidently
determines the rate for initiation of polymerization, will therefore affect the kinetics of
the grafting reaction and consequently the length of the grafted chains(4). Therefore, the
increased TDG may be attributed to the increased number of the formed free radicals on
both the polymer backbone and monomers. However, the levelling off of TDG above 3
Mrad may be due to the difference in the G-value of the PP polymer and the monomer
species. In this case, the monomer macroradicals tend to

recombine to form

homopolymer and thus the grafting reaction stopped. Moreover, at lower dose rates, the
rate of grafting reaction is low whereas the homopolymer formation is minimum.
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CHARACTERIZATION OF PP/PAAC/PS GRAFT COPOLYMER.

There is no available scheme in the literature describing the acurate relationship
between the ratio of contents of the comonomer mixutres in the feed grafting solution
and their fractions in the resulted graft copolymer in the case of hydrophobic polymers.
However, there are some methods based on the identification of the graft copolymer
during grafting of binary mixtures of acrylamide - acrylic acid and acrylonitrile- acrylic
acid onto polyester fiber using nitrogen-estimation(5).

Others are

based on the

comparison between the composition of the grafted chains determined accroding to the
calculated reactivity ratios and those reported in literature(6). Spectroscopic analysis such
as IR was also used to confirm and identify the grafted chains(7).

In the present work, tries have been made to give an information about the
PP/PAAc/PS graft copolymer in order to have a better understanding for the synergism
during this graft copolymerization system.

IR spectroscopic analysis

Figure 4 shows IR spectra of PP films having different TDG by changing AAc
ratio in the comonomer mixture. It is obvious that the intensity of the characterstic band
of the carbonyl groups is shown to decrease with increasing the AAc contents in the
comonomer mixture.

Elemental Analysis of PP Graft Copolymer

Table 2 presents the elemental analysis of PP graft copolymer having different
TDG obtained by using different comonomer mixtures. It is noted that the oxygen weight
percent, based on the sample weight, was determined as the difference between the total
weight and the sum of carbon and hydrogen weights.
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Figure.5 Determination of the reactivity ratios of acrylic
and styrene monomers by applying equation 3.

Table i : Elemental Analysis of PoKpropyiene (PP) Graft Copoiymers with Poiyacryiic Acid and Polystyrene.

Comonom
er mixture
(AAC
(ty.)

ON

Weight of
PP before
grafting

Weight of
PP after
grafting

(mg)

(mg)

10:90

75.2

151.1

20:30

74.6

50:"0

Weight of
graft
copolymer

Total
degree of
grafting

Oxygen
from
analysis

Weight of
Oxygen

Wen gin of

(mg)

(mg)

P.AAc

Graft yield Graft yield
of
of PSy
PAAc

(°/o)

(%)

(%)

"7 9

106.5

-IS

9 8496

22.47

50.69

"2.81

299.5

2249

501.5

6.55

19.61"2

45.40

58.18

245.30

89.S

191.5

101.7

115.2

5.25

6.2257

14.19

15.80

97.40

40:60

^0.2

128.4

58.1

S2.6

2.65

54026

7.76

11.04

71.56

50:50

S3.5
— "» -\

142.6

59.5

"1.2

1.S5

2.63S1

6018

/ J .J.

97.7

24.5

^

0.69

0.6765

1.543

2.11

"0:50

86.5

110.0

2" 5

1.64

1.30

4.115

4."56

80.20

SO."

S9.0

10.5

1.20

1.06S

2.436

5.02

60:40

(PAAc Psty.)

S.5

Graftinc conditions are the same as in Table 2

•>

(°'o)

"

63.97
51.59
-IT

—^

7.2S

A close examination of the results, few points may be indicated. By increasing
AAc content in the comonomer mixture from 20% up to 60%, 10% each time, the ratio
between PS and PAAc graft fractions in the graft copolymer was found to be 4,6.6,5,9
and 15, respectively.

It follows that the PAAc fraction decreases by increasing AAc

monomer ratio in the comonomer mixture. This result is in accordance with what
observed through IR spectroscopy (Fig.4). When two monomers are copolymerized, the
copolymerization equation in terms of

mole fractions which is

related to their

concentrations in the feed grafting solution (fiand f2) and their fractions in the copolymer
(F| and F2) is given by :
r,fVf.f 2

+ 2f,6 +
where x\ and r2 are the reactivity ratios of the two monomers, respectively, and
F2=

1-Fi.

For determination of n and r2for the two monomers under investigation, equation 2 can
be put in the following modified form:

F,)

f,(F 2 -l)
- r2 +

Fi(l-fi)

r,

F,(l-f 2 )

(3)

2

If the left side of this equation is drawn against the coefficient of n, the slope gives n and
the interception gives r2. An attempt was made to estimate vx and r2 from the
experimental results shown in Table 2.as shown in Fig.4. The mole fraction of PAAc (Fj)
was calculated by using the data on the fourth and eighth columns in Table 2. The
calculated slope is found to be 0.5, whereas the interception is 2 which referes to
rj(AAc) and r2(S), respectively. These values is reflect the experimental results obtained
by elemental analysis.
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Electrical Properties of PP Graft Copolymer

The electrical conductivity of

PP films grafted with different comonomer

mixtures of AAc and S determined and the results are given in Table 3. In general, the
electrical conductivity increases with increasing TDG and it decreases with increasing
AAc proportions in

the comonomer mixture. The observed decrease in electrical

conductivity with increasing acrylic acid ratio in the comonomer mixture and with the
decrease in the degree of grafting may give account for :(a) At the comonomer mixture
20% acrylic acid 80% styrene (maximum degree of grafting), the highest electrical
conductivity value was obtained. This means that the PAAc graft copolymer constitutes
the majority of the degree of grafting because there is no reason that PS grafts to
develop electrical conductivity. In this case the resulted electrical conductivity is due to
the migration of the negative charges of PAAc grafts.
(b)

The decrease in electrical conductivity noticed by increasing AAc ratio in the

comonomer mixture indicates that PAAc fraction in the graft copolymer decreases and
PS fraction increases. These results are in accordance with those obtained with IR
spectroscopy and elemental analysis.
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Table 3

l-lcctrieal Conductivity o( Polypropylene Minis (nulled with
DiK'cient Comonomer Mixlurcs ol Acrylic acid Styicnc as a
I'unclioti of Total Degree oT (Halting

(%)

Comonomci mixtures
( AAc : S )
( V%)

I'ilcctrica! conductivity
(ohm ' c m 1 ) lr<

ungi a Red

-

0.26

106.5

IO:CW

26.00

301.5

20:80

'11.00

113.2

30:70

20.00

82.6

'10:60

12.80

71.2

5050

10.00

33.5

MHO

'1.80

27.5

70:30

3.20

10.5

80:20

2.60

Total degree of grafting

conditions ;nc (lie sninc in I nl>lc
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PREPARATION OF COMPOSITOS OF NATURAL
RUBBER LATEX (NRL) - PORTLAND CEMENT MOULD
A.M.DESSOUKI, N.H. TAHER AND H.H. EL-NAHAS
National Center For Radiation Recearch And Technology,
P.O. Box 29, Nasr City, Cairo, Egypt

ABSTRACT
The aim of this study is to prepare some polymeric moulds using Natural Rubber
Latex

(NRL)- Portland Cement composites based on a delayed-action mechanism.

Factors affecting the preparation process such as concentration, mixing percentage,
additives and their effects on what is regarded as a delayed-action coacervant
combination was studied. Composites of Natural Rubber Latex (NRL)- Portland Cement
would were prepared as two separate parts. The stabilized Natural Rubber Latex (NRL)
100 parts with hydroxy ethyl cellulose (HEC) 2 parts as stabilizer and a delayed - action
coacervant (sodium meta silicate as a delaying agent) 5 parts on one hand and the dry
blend of cement 65 parts soluble in 65 parts of water as a paste on the other hand, were
mixed thoroughly on the site. (HEC) was added to the rubber latex to prevent the
coagulation of the rubber latex with the electrolyte (sodium meta silicate) present in the
rubber mixture. Two kinds of stabilization occurred in the rubber part, namely steric
stabilization and the stabilization against the electrolyte.
The effect of delayed - action coacervant (sodium meta silicate) on the initial setting
time of rubber - cement mould showed that the moulding process did not occur at
sodium meta silicate concentration less than 2.66 parts per 100 parts of rubber latex
(phr) and the optimum concentration used was 5% parts of rubber latex. It was observed
that the addition of a delaying agent (sodium meta silicate) to the rubber part enhanced
the delaying mechanism in the time needed for the moulding process, while the addition
of the delaying agent to the cement part did not have any effect on retardation of the
moulding process. Chemical coacervants function mainly by reducing the £ potential
which is associated with the electrical double layer surrounding the latex particle. This
reduction may be brought about in at least three distinct ways which take place in the
system studied.
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INTRODUCTION

An important application of rubberized moulds is the ability of these compositions to
take up small relative movements which can be used in constructing materials as in
expansion joints, crack's rilling materials, blocks for road-facing, water proof paint and
soil injection... etc. A further application in waste disposal, where the important
advantage offered by mbber-cement composition moulds which can be resistant to
cracks, conosion, humidity and land trembling 0»2).
Rubber-cement flooring compositions have been exploited to the full in the jointless
surfacing of ships deckings, and as subfloors for laying of tiles in ships. The ability of
these compositions

to produce a material in which the

rubberized characteristics

predominated and the ability to resist corrosion by sea-water, have all contributed to
successful application in this way P ) .
Rubber-cement

flooring

compositions offer several distinct advantages over

straightforward concrete floors. In appearance and feel they are more elastic and more
slip-resistant. They lack the hard, cold feel which is associated with concrete. They are
durable, and can be applied in continuous, jointless layers of various and variable
thickness. They adhere very well to a variety of substrates, and this property makes them
useful for the leveling up of old, uneven floors (4*6).
The aim of this work is to prepare some polymeric moulds using Natural Rubber
Latex (NRL)-Cement

composites based on a delayed action mechanism.

Factors

affecting the preparation process such as concentration, mixing percentage, additives and
their effects on what is regarded as a delayed-action coacervant combination will be
studied.
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The characteristics of the materials used in this study are described in Table I.

TABLE I
Characteristics of Compounding Ingredients

- Ordinary Portland Cement supplied by Helwan Cement Co., Egypt
- Natural rubber latex (NRL) (TOPTEX), Malaysia.
Hydroxy ethyl cellulose (Cellosize) supplied by

Union Carbide Corporation,

(U.S.A).
Delayed-action coacervant (VEGOMET) supplied by Rodenas & Rivem-Italy.
- Calcium carbonate from El-Nasr Phosphate Co. Egypt.
-

Preservative Actidde (BX) supplied by THOR CHEMICAL INTERNATIONAL
LTD., England.
Antifoaming agent was used without further treatment.

Sample Preparation
The preparation of the moulds was carried out in the following way : a) all the
ingredients were accurately weighed, b) the stabilized latex on the one hand, and the dry
blend of cement and filler soluble in water on the other, are mixed throughly on the
cavity used, either manually or using a mechanical mixer.
The following precautions were taken into consideration :
a)

The composition was applied as soon as possible, the time available for moulding
was limited to between 30 minutes and 1 hour.

b)

The actual rate of setting depends upon the concentration of the ingredients mixed.

c)

The dry blend of cement and filler soluble in water sholuld be added to the
stabilized NRL and not the reverse.

Equipment
Vical apparatus was used for determination of the initial setting time.
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The measurements of tensile strength (Tb) and elongation percent (Eb) at break were
carried out using an Instron (Model-1195), England, at crosshead speed of 50 mm/min.
The tensile strength and percent elongation were calculated as follows:
Load at break (kg)
cross-sectional area of the dumbell shape (cm2)

Eb (%) =
Where

x 100

L ~ the length of the sample at the moment of rupture,
Lo = the distance between the two jaws, i.e. the length of the
necked part.

Compression set was determined to obtain the residual strain in a latex mould test
piece after it has been held under compression to a given extent for a given time and then
allowed to recover for a given time, the temperature being held substantially constant
during the test. The result is calculated as the difference between the original thickness of
the test piece and that after recovery, expressed as a percentage of the initial applied
compression.
Shrinkage properties were tested by a liquid displacement method. Water uptake
measurements were observed by using the clean and dried samples of known weights
which immersed in distilled water for 24 hr. at 25°C.

The samples were removed,

blotted by absorbent paper and quickly weighed. The water uptake percent was
calculated as follows:
(W 2 - W,) x 100
Water uptake (%)

=
W,

Where
Wj and W2 represent the weights of dry and wet samples, respectively.
Conductivity measurements were carried out using a Multi-Mega Ohm meter- MOM
11 (WTW Instruments,

Germany). The electrical conductivity of the sample was

determined by measuring the electrical resistance and the following equation was used.
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a = — ~ ohm* cm-1

R.a

L =s The thickness of sample (cm)
a = (n r2) is the area of the sample surface (cm2)
R = ohmic resistance (ohm).

RUSULTS AND DISCUSSION

Preparation of rubber-cement mould
Typical latex-cement compositions comprise a mixture of stabilized latex, a cement
(which may be either Portland or Alumnious) and fillers. The final composition usually
has a rubber content in the region of 10 to 50%. Such compositions must obviously be
made up as required. The stabilized latex on the one hand, and the dry blend of cement
and filler in water as paste on the other, are mixed thoroughly on the site, either manually
or using a mechanical mixer. The composition is then applied as soon as possible, the
time available for moulding is limited to between 30 minutes and 1 hour, sicne setting,
commences at once. The actual rate of setting depends upon several factors, and the least
important of which is the temperature.

Table (2): Typical formulation of the prepared moulds

Basic composition

Additives

Condition of

Period

Time to set

(Parts by weight)

(Parts by weight)

mix

workable time

hard

very thin cream

30 minutes

< 4 hours

6 0 % N R L 100

Cellosize

2

O.P.C.

Vegomet

5

65

dist.water 65

where:
NRL

Natural Rubber Latex

O.P.C

Ordinary Portland Cement

Cellosize

=

Hydroxy Ethyl Cellulose (HEC)

Vegomet

~

Anhydrous sodium meta silicate

Mixing and moulding process
Two groups a and b are prepared first:
Group a
ordinary portland cement

65

dist. water

27

Group b
hydroxy ethyl cellulose soln.

40

(2 HEC : 38 H2O) by weight
sodium meta silicate anhydrous

5

natural rubber latex

100

Group (a) is added to stabilized natural rubber latex in group (b) and stirred well for
1-2 minutes, then moulded immediately in the cavity to be filled.
Table (3) Shows the specifications recorded according to the typical formulation.

Table (3) Specification for typical formulation
tensile strength
elongation at break
water uptake (after 24 hours)
electrical conductivity
shrinkage (after one week)
compression % of initial thickness (at one ton load)

32 kg/cm2
550-650 %
8-10 %
9.7xlO 12 Q 1 cm"1
12-18 %

90%

Factos Affecting The Preparation of Rubber-cement Mould :
Effect of hydroxy ethyl cellulose (HEC) stabilizer on rubber-cement mould:
The effect of adding a proper concentration of the stabilizer (HEC) to the rubber latex
part to prevent the coagulation of the rubber latex with the electrolyte (sodium meta
silicate) present in the rubber mixture was investigated. The effect of adding the stabilizer
(HEC) to the rubber-cement composition on the initial setting time of the mould is
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shown in Fig (1). The results show that at a concentration less than 0.2 % parts of rubber
latex, no setting of the rubber-cement mould occured. After this concentration the initial
setting time increased as the concentration of HEC increased and reached its maximum
setting time at 2 % parts of rubber latex. This was followed by a slight decrease as the
concentration of HEC increased.
In the present work, two kinds of stabilization in the rubber part can be suggested
namely; steric stabilization and the stabilization against the electrolyte. Void*7* proposed
the following mechanisms for the stabilization of natural rubber latex (NRL):
a) Steric Stabilization
The protective barrier usually formed by adsorbed molecules in the interfacial region
of the colloidal particles. These "barriers" prevent the latex particles from approaching to
a critical distance

at which they coagulate. It is hence assumed that amphiphilic

macromolecules, like hydroxy ethyl cellulose, which are adsorbed on the surface of
colloidal particles, could therefore confer stability to the colloidal dispersion at
electrolyte concentration high enough to cause coagulation in the absence of such
polymer.
b) Stability against electrolyte (delayed-action coacervant) addition :
Common polymeric emulsions prepared with ionic surfactants are usually senstive to
electrolytes and are more or less easily coagulated by them, depending upon the
counterion

valence at least approximately. One of the potential advantages of the

nonionic HEC molecules that they hold the promise of acting as good steric stabilizers.
Effect of Delayed - Action Coacervant on Rubber - Cement Mould
The effect of delayed-action coacervant (sodium meta silicate) on the initial setting
time of rubber-cement mould was investigated and the results are shown in Fig (2). The
moulding process did not occur at sodium meta silicate concentration less than 2.66 parts
per 100 parts of rubber latex. Increasing sodium meta silicate concentration in cement
caused a slow coacervation of the rubber-cement mould. This slow coacervation in the
case of addition of sodium meta silicate to the cement part. In case of the addition of the
same amount of sodium meta silicate to the rubber part of the prepared mould resulted in
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Fig (1):

Effect of (HEC) stabilizer concentration on initial setting time
of rubber - cement mould.
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Effect of sodium macta silicate concentration on initial setting time
of rubber - cement mould.
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a big increase in the initial setting time. So, it follows that the addition of a retarder
(sodium meta silicate) to the rubber part enhanced the delaying mechanism in the
moulding process than to the cement part.
As well known, portland cement contains mainly calcium oxide which hydrolyses
slowly in water to give calcium hydroxide, which in turn interacts with the sodium meta
silicate to form a precipitate of colloidal calcium silicate. This adsorbs stabilizer from the
natural rubber latex, and encourages coacervation. Any excess of released calcium
hydroxide is effective as an accelerator of initial setting time of the rubber - cement
mould*8*.
It is known that chemical coacervants function mainly by reducing the ^-potential
which is associated with the electrical double layer surrounding the latex particle. This
reduction may be brought about in at least three distinct ways which take place in the
system sutdied :
(i)

Direct interaction may occur between the added coacervant which neutralize the

electrical charge which is responsible for the existence of the double layer. Loss of an
associated hydration layer may also occur. The most usual form which such interaction
takes may be conveniently described as the "insolubilization" of the adsorbed stabilizer
which was responsible for the electrical double layer in the first place(9).
(ii)

Alternatively, direct interaction of a more "physical" kind may occur between

the added coacervant and the electrical double layer. Such indirect interaction usually
takes the form of a swamping, or "compression" of the double layer by ions of opposite
polarity to that of the particle side of the double layer. It is well known that such
swamping brings about a reduction in the associated £-potential(10).
(iii)

A third posibility may be discribed as an indirect interaciton between the added

coacervant and the surface phas which separates the polymer and aqueous phases. Such
indirect interaction may, for instance, occur when the coacervant causes a fine precipitate
of high specific surface area to form in the aqueous phase of the latex. This precipitate
may then successfully compete with the polymer particles for the colloid stabilizers which
are present in the system. In such cases agglomeration of the particles occurs because
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they have been robbed of the stabilizers which formerly prevented them from coming
together(11).
Chemical coacervants also include substances which have slow gelation when initially
added to a latex, after the lapse of a certain time. These substances serve in retarding the
rate of gelation in case of rubber-cement mould leading to controlled coagulation. In our
study such a substance was used namely anhydrous sodium meta silicate.
Effect of Natural Rubber Latex (NRL) Content on Rubber-Cement Mould
Fig. (3) shows the effect of natural rubber latex content on the initial setting time of
the mould. The moulding process did not occur below a NRL content of 33, after which
an increase inthe rubber content resulted in a gradual increase in the initial setting time of
the mould. Increasing the rubber content more than 100 resulted in a sharp increase in
the initial setting time. 100 NRL content was chosen in the present study because the
water content in the NRL (100) is the optimum amount, after which the amount of water
present will lead to more shrinkage in the Gnished product which is not desired.
Effect of Cement Content on Rubber-Cement Mould :
The cement content in the rubber-cement mould played an important role on setting
time as shown in Fig. (4). On the addition of 20 % parts of rubber latex cement to the
mould an initial setting time of 35 hours was needed and the final product was not hard
enough and the amount of free water present in the mould leads to a high percent of
shrinkage. On increasing the cement content up to 65 % parts of rubber latex imporved
the hardness and shrinkage. It is an important feature of these compositions that the
cement combines chemically with considerable proporiton of the water in the latex, and
thus there is relatively little to be lost by evaporation. An additional advantage which
occurs from the increase of cement content is the reduction in the shrinkage which
occurs during the final application. It was found that 65 % parts of rubber latex is the
optimum cement content. Increasing the cement content beyond this concentration (65 %
parts of rubber latex) lead to more stiffness and cracks which is not good for practical
applications.
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Effect of Water Content on Rubber-Cement Mould :
The effect of water content on the initial setting time of the rubber-cement mould is
shwon in Fig (5). A gradual increase in the water content resulted in a gradual increase in
the initial setting time. At 65 % parts of rubber latex water content, the initial setting
time for the rubber-cement mould was 4 hours. This water content corresponds to the
cement content in the mould (also 65 % parts of rubber latex), which is the suitable
amount of water needed. Increasing the water content more than 65 % parts of rubber
latex resulted in evaporation of the excess water which leads to more shrinkage and
resulted also more deterioration of tensile strength, elongation at break and compression
set which is not good for the practical application of the final product.

CONCLUSIONS
The effect of adding a proper concentration of the stabilizer hydroxy ethyl cellulose
(HEC) to the rubber latex part to prevent the coagulation of the rubber latex with the
electrolyte (sodium meta silicate) present in the rubber mixtures was investigated. The
results show that at a concentration less than 0.2 part of hydroxy ethyl cellulose (HEC)
added to 100 parts of rubber latex, no setting of the rubber-cement mould occurred, but
reached its maximum setting time at 2 parts of HEC which was used in this preparation.
Two kinds of stabilization occurred in the rubber part, namely, steric stabilization and the
stabilization against the electrolyte.
The effect of delayed-action coacervant (sodium meta silicate) on the initial setting
time of rubber-cement mould showed that the moulding process did not occur at sodium
meta silicate

concentration less than 2.66 parts per 100 parts of rubber latex and the

optimum concentration used was 5 % parts of rubber latex. It was observed that the
addition of a delaying agent (sodium meta silicate) to the rubber part enhanced the
delaying mechanism in the time needed for the moulding process, while the addition of
the delaying agent to the cement part did not have any effect on retardation of the
moulding process.

Chemical coacervants function mainly by reducing the ^-potential

which is associated with the electrical double layer surrounding the latex particle. This
reduction may be brought about in at least three distinct ways which take place in the
system studied.
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150

The effect of Natural Rubber Latex (NRL), cement and water contents in the mould
showed that the optimum ratios are :
100 rubber:

65 cement:

65 water

The possibility of some applications of the prepared rubber-cement moulds in the field
of construction as aacks filling materials, expansion joints filler and soil injection was
suggested. Also it may be applied as tile adhesive for surfaces exposed to permanent
water conditions.
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ABSTRACT
On the basis of both new studies and previous work from this laboratory, several foam
separation techniques are compared as feasible methods to carry out the separation of
radioactive nuclides from simulated radioactive process waste water. Anionic or cationic collectors
were used depending on the type of charge on the ion or precipitate to be removed. Aluminium
hydroxide, iron(lll) oxyhydroxide and hydrous manganese dioxide were studied as the adsorbing
floe in adsorbing colloid flotation and ferrocyanides as the copreclpftating agent in coprecipttate
flotation. Different factors affecting the percentage removal, volume reduction and enrichment
ratio were investigated. According to the experimental results, adsorbing colloid flotation,
whenever applicable, Is the preferred method for decontamination. Radionuciide removals up to
100% were obtained.

INTRODUCTION
The problem of radioactive waste water decontamination arises when concentration of species
to be separated is less than about 10~*M. At these concentration levels, conventional separation
techniques usually become unsuitable mainly because of low efficiency, slow solution-flow-rate,
high expenses and/or being laborious. Therefore, attention has been directed towards foam
separation methods. These methods have been quite pertinent for the removal of trace
concentrations of metal ions from large volumes of dilute solutions.

The term, foam separation, includes many processes. The processes used for the removal of
traces of metal ions from dilute aqueous solutions can be divided Into:
I- Ion Flotation. In this technique, a surfactant Ion of a charge opposite to that of the metal ion
to be removed Is added to the solution in a stoichiometric or greater amount and well mixed so
that an insoluble product is formed between the surfactant Ion (the collector) and the ion to be
separated. The product is then levitated to the surface by means of a gentle stream of gas
bubbles. This technique, introduced by Sebba1 In 1959, involves the foam separation of a
heterogeneous system as compared to homogeneous ones, which involve a partition mechanism.
II- Direct Precipitate Flotation Techniques. These may be divided into:
1. Direct precipitate flotation of the first kind: In this technique, Introduced In 1963 by Baarson
and Ray,2 the metal Ion to be removed Is precipitated prior to the addition of the collector.
2. Direct precipitate flotation of the second kind: This technique, was Introduced3 In 1966 and
involves the addition of a hydrophilic organic reagent - which can form a hydrophobic precipitate
with the metal ion to be removed.
3. Precipitate flotation by a combined process of the first and second kinds: This technique was
introduced in 1984 by Shakir et al.4 Both hydrophilic organic precipitating agent and a surfactant
collector are used in the flotation process.
Ill" Indirect Precipitate Flotation Techniques (Coflotatlon). These techniques include:
1. CoprecipKate flotation: In this process the metal Ion to be removed Is coprecipitated with a
suitable non colloidal substance prior to flotation. Probably the first application in this field
appeared9 in 1959.
2. Adsorbing colloid flotation (ACF): Research in this field began8-7 since 1961. In this
technique, the ionic species to bs separated Is coprecipitated with or adsorbed on a hydrophobic
colloid prior to the addition of the collector.
3. Adsorbing particle flotation (Macromolecular ion flotation): It consists of the adsorption of ions
from a solution onto sorbent particles and then floating the sorbent. It was introduced8 in 1965.
All of the fore-mentioned techniques have been intensively investigated In this laboratory and
some innovations and extensions have been introduced. These include:
1. Application of foam separation for the determination of the stability constant8 of Co(OH)2(KS.
This is, so far, the only work published in this field.
2. Possible increase of percent removal of metal ions by coflotation through the addition of
certain metal ions, which we called activators.10
3. Separation of metal Ions from mixtures with other metals as in the case of the separation11
of U(Vl) from binary mixtures with Th(IV), Zr(IV) and Ce(lll). Work in this field Is very limited.
In addition, difficulties in the macromolecular ion flotation of metal ions using charcoal as
adsorbent has been recently sofved12 and we investigated13 the flotation of Co(ll). Considering
the remarkable adsorbing power of crtarcoal for various metal ions, this process would expectedty
have wide application in different fields.
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The aim of the present work is to review the foam separation investigations carried out in our
laboratory for decontamination of radioactive process waste water. Process waste water is usually
produced, at high rates (may reach 500,000 gallon/day in large Installations). This water,
ordinarily drinking water with a very low radioactivity level containing small amounts of laboratory
chemicals, has to be properly treated prior to discharge to the environment. Some of the present
work Is published In the specialized journals, but more recent unpublished work is also included.

EXPERIMENTAL
The flotation system and cell used were previously described.1419 Unless otherwise specified
the height of the flotation cell Is 38 cm.
The radionuclldes "Co, w Zn, w Sr,

1w

Cs and

144

Ce were obtained from the radiochemical

center, Amersham and were used as received except "Sr which was used after separation from
Its daughters by solvent extraction.1' U(Vl), Th(IV), Zr(IV), Cd(ll) and Be(ll) solutions were
prepared from their corresponding A.R. salts. A.R. Hydrochloric acid and sodium hydroxide
solutions were used to adjust the pH.
The collectors: sodium lauryl sulphate (NaLS), cetyl trimethyl ammonium bromide (CTA8),
Aerosol 18, N-dodecylpyrWinlum chloride (NDPC), cetyl pyridinium chloride (CPC) and gelatin
(QL) were used as received. But oleic and lauric acids were converted to their potassium salts,
KOI and KL respectively by neutralization with alcoholic potash. The collectors solutions were
freshly prepared dairy. Absolute alcohol was used as a solvent for the dissolution of most of the
collectors, as well as a frothor at a dose rate of 1 ml alcohol per 450 ml of waste water. Ql and
NaLS were dissolved In bidistilled water.
Fe(lll)-, Al(lll)- and Co(ll)- hydroxides, manganese dioxide and hexacyanoferrates used in
cofiotation were prepared in situ.
General procedure of flotation
For each experiment, simulated waste water was prepared by adding the metal ion under
consideration to the tap water of Inshas and then spiking it with the proper radionuclide.
Generally, the tap water used have the composition shown in Table 1.
Table 1
Analysis of the waste water sample used In the Investigation

Ion
Concentration [mg/l]

Ca*
32

Mg*
18

K
5.5_

Na*
^34
^

XCO2 = HCO3- + CO, 2 ' + CO2;
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Fe*
0.1

cr
40

n - 0.005

SO 4 *

58

2CO2
158.6

The experimentai solutions were adjusted to the desired pH and made to volume in 500 ml
volumetric flask. 475 ml of the solution to be foamed were quantitatively transferred to the
flotation cell. The gas flow rate (G) was adjusted to the desired rate and 25 ml of the bulk solution
was withdrawn for pH measurement and determination of the initial concentration of the metal
ion. The collector solution was then injected while vigorously stirring the bulk solution in the cell.
In case of ACF the calculated volume of the hydroxide-forming solution (FeCI,, AICI, or CoCIJ
that would give the required hydroxide concentration was added to the waste water containing
the metal ion to be removed and well shaken. The pH of the solution was adjusted and the
system was left to age for the specified time period. The solution was then well shaken and 475
ml of the suspension were transferred to the flotation cell. When manganese dioxide was used
it was prepared in situ by autoreduction of KMnO4 with the equivalent amount of MnCI2. Caesium
was removed after uptake on hexacyanoferrate precipitates prepared in situ by adding, to the
water sample containing Cs(l), the desired amount of K4Fe(CN)a followed by the calculated
amount of CuSO4 or CoCI2 that would bring the initial molar ratio of the Cu2* or Co2* / FefCN)^
in the system to the required value.
Analysis
Samples of each of the bulk solution or the suspension before and after flotation, were treated
with cone, nitric acid to dissolve the precipitate, if any. For solutions containing radio-tracers, the
count rates of the samples were radiometricalty measured. U(VI) when present at the
submicrogram level, it was determined fluorometrtaalty. At higher concentrations U(VI),17 as well
as, Th(IV)18 and Zr(IV)18 were determined spectrophotometricaJry. Other ions were determined by
atomic absorption spQctrophotometry using a "Varian" atomic absorption spectrophotometer
model AA-475. In cases of U(VI), Th(IV) Cd(ll) and Be(ll) the solutions were acidified with cone,
hydrochloric acid, evaporated and heated on a bare flame to destroy the organic matter, then
evaporated twice with cone, nitric acid before dissolution and subjecting to analysis.
In cases where the concentrations of the concerned metal ion in the bulk solution was very low
a sample of the bulk solution was acidified and then concentrated by evaporation or the foam was
quantitatively collected, ignited if necessary, dissolved in HNO, and then subjected to analysis.
Data presentation
The flotation results are presented as percent removal of the metal Ion (%R), volume reduction
(V.R.), decontamination factor (D.F.) and enrichment ratio (E.R.) where:
%R - [Initial concentration - final concentration in the bulk solution] / initial concentration
V.R. = Original volume of the solution or suspension / volume of collapsed foam
D.F. = Initial concentration of the metal ion / its concentration in the residual liquid phase
E.R. = Concentration of metal ion in the collapsed foam / its concen.in the residual liquid phase
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RESULTS
I- Ion and Precipitate Flotation of the First Kind
1. Rotation of cobalt(II)
On the basis of previous work,' Aerosol was selected for the removal of Co(ll) from the waste
water under test. The obtained results summarized in Table 2 which shows that the V.R. and
consequently the E.R. obtained at pH 5 and 9, where homogeneous ion flotation and
heterogeneous ion flotation occurs respectively, were generally low, but they could be significantly
increased by simply using a taiier flotation column (56 cm length instead of 38 cm) (Table 3). At
pH 9.6, where precipitate flotation predominates, much better V.R. could be achieved. The
increase of the gas flow rate deleterious^ affects the V.R. (Table 2).
Tabls 2
Results obtained for the Ion flotation of Co(ll) from waste water 29

pH

5
5
9
9
9.6
9.6

Separation process

homogeneous ion flot
homogeneous ion flot
heterogeneous ion flot.
heterogeneous ion flot.
precipitate flotation
precipitate flotation

Cm,
M
1
1
1
1
1
1

Cc/Cm

G,

%R

V.R.

D.F.

E.R.

98.1
98.0
91.5
91.2
96.2
96.1

17
10
20
13
333
167

49.5

823
441
205
124

cm3/min

. 10- 8
.10" 9
. 10"*
. 10*
. 10"1
.10" 4

11
11
6
6
0.25
0.25

55
70
55
70
55
70

45
11
10.5

26
25.5

8413
4082

Bubbling time = 30 min
Table 3
Results obtained for the Ion flotation of Cofll) from waste water using tall (56 cm) column 90

pH

Separation process

Cm

Cc/Cm

M
5
5
9
9
9

homogeneous ion flot.
homogeneous ion flot.
homogeneous ion flot
heterogeneous ion flot.
heterogeneous ion flot.

1
1
1
1
1

Q,

%R

V.R.

D.F.

E.R.

49
44
51
12

3013
1437
2100
1335

em'/mln
.
.
.
.
.

11
11
2.5
6
6

10-'
10''
10"4
10-*
10-*

55
70
55
55
70

98.0
97.8
98.1
91.5
91.5

62.5

33
42
125
56

11.5

587

2, Ion flotation of strontlum(1l)
Different anionlc and cationte surfactants were investigated as collectors for the removal of
Sr(ll), 21 but only, the anionic surfactant Aerosol 18 gave high removals. This collector was,
therefore, used in the treatment of waste water under test
Removal of Sr(ll) from waste water of varying pH values [unpublished work22] was investigated
using two concentrations of the collector and different initial Sr(ll) concentrations. Obtained results
are summarized in Fig. 1 which shows that the effective pH range of optimum removal strongly
depends on the molar ratio of the collector concentration (CJ to the metal ion concentration ( C J .
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Results obtained at different experimental conditions are presented In Table 4. As shown in the
table, the percent removal increases with the increase of the Cc/Cm ratio and is slightly affected
by the initial metal ion concentration.

Table 4
or

* *"» J

o n flotatlon o f S r

pH

Cm.M

Cc, M

7.1
7.1
7.8
7.8
8.8
8.8
7.1
7.1
8.8

8. 10"*
1 . 10"*
8 . 10"8
1 . 10"*
1 .10"*
5. 10"*
8. 10"8
1 .10"*
5. 10"*

8. 10- 4
8. 10" 4
8. 10- 4
8. 10- 4
6. 10^
6. 10- 4
8. 10- 4
8. 10" 4
8. 10" 4

M f r o m w a 8 t e w a t e r [unpublished work22]
G, cm3/min
55
55
55
55
55
55
32
32
32

%R

V.R.

D.F.

E.R.

98.8
95.8
98.8
96.0
96.5
97.9
99.4
96.1
98.5

13
13
17
17
20
22
16
15
23

77
22
78.5
23.5
27
45.5
156
24
64

987
273
1313
383
524
989
2509
349
1416

Bubbling time = 30 min.

3. Flotation of cerlum(lll)
The removal of Ce(lll) from waste water20 was investigated at different pH values using
solutions of 1 . 10"*M initial Ce(lll) concentration and NaLS concentrations of 5 . 10"4 or 2.5 .
lOr^M. The obtained results are plotted In Rg. 2 which shows that removals of about 97.5% are
obtained at pH values < 3 and slightly decrease with the increase of pH above 3 until a pH of
about 6 is reached when the percent removal sharply decreases. As anticipated, the extent of
removal does not only depend on the pH but it also depends on the collector/metal ion ratio and
increases as this ratio is increased. As shown from Table 5 at adequate collector concentrations
and low gas flow rates removals >98% could be achieved. Under comparable conditions, both
the V.R. and E.R. increase with the decrease of gas flow rate or collector concentration. V.R. and
E.R. values as high as 76 and 4078 respectively could be attained.
Table 5
Results obtained by Ion dotation at Initially constant, 1 .10~*M, Ce(lll) concentration
from waste water [unpublished work23]

pH

Cc, M

3.0
3.0
3.0
4.1
4.4
4.4
5.5

3 . 10"3
3. 10"3
2.5. 10"3
3 . 10"*
3 . 10"4
2.5 . 10" 3
3 . 10" 3

G, cm3/min
33
55
30
30
55
30
30

%R

V.R.

D.F.

E.R.

98.2
97.8
97.7
97.8
97.5
97.0
96.8

76
25
85
71
67
79
68

55
44
43
45
39
33
31

4078
1067
3497
3131
2564
2455
2014
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4. Flotation of zlrconlum(IV)
Waste water containing 2 . 1 0 " gmole/l of Zr(IV) was adjusted to different pH values and was
then subjected to foaming with NaLS at a Cc/Cm = 3. The obtained results are shown in Fig 3
and Table 6. As shown in the Table, the increase of either the gas flow rate or collector
concentration severely reduces the V.R. Excellent %R and D.F. are obtained under almost all of
the tested conditions.
Table 6
Results obtained for the flotation* of Zr(iV)
pH

0.8
0.8
0.8
0.8
1.85
1.85
1.85
1.85
1.85
1.85
5.5

5.5
5.5
5.5
5.5
5.5
5.5

Separation
process

Cm,
M

Cc,

ion flotation
Ion flotation
Ion flotation
ion flotation
Ion flotation
ion flotation
Ion flotation
ion flotation
Ion flotation
ion flotation
ppt. flotation
ppt. flotation
ppt. flotation
ppt. flotation
ppt. flotation

2.10"
2.10"
2 . 10"
1 . 10-*
2 . 10"4
2 . 10"
2 . 10"
2 . 10"
2 . 10"
1 . 10"*
2 . 10"
2 . 10"
2 . 10"

6.10"
6.10"
6.10"
6.10"
6. 10"
6.10"
6.10"
3.10"
3.10"
3. 10"
6. 10"
8.10"
6.10"

32
55
70
55
32
55
70
32

2.10"
2.10"
ppt. flotation 2. 10"
ppt. flotation 1 . 10"*

3 . 10"
2.10"

55
55

1 . 10"
1 . 10"

32
32

%R
Q,
cm3/min

M

55
55
32

55
70

99.4
99.8
99.2
98.8
99.6
99.3
99.6
99.6
99.3
98.6
99.5
99.4
99.5
99.6
99.5
99.5
98.6

V.R.

D.F.

E.R.

63
24
10
20
83
72
41
250
100
100
83
6

164
479
112
79
247
140
244
249
141
71
198
139
100
218
198
199
71

10188
11381
1116
1564
20500
9990
10126
62000
14043
6972
16384
832
199
1743
24678
66134
25082

2
8
125
333
357

5. Flotation of thoriuiu(lV)
In the following unpublished study2* NaLS was used as a collector for the removal of Th(IV)
from the waste water. Obtained results are summarized In Table 7 which clearly indicates that
gas flow rate, pH and collector concentration do not only affect the percent removal but they also
affect the degree of enrichment through affecting the volume reduction. The V.R. is significantly
affected by the pH which in turn affects the removal mechanism. The lowest V.R. was obtained
at the low pM values where ion flotation predominated and the highest volume reductions were
obtained at the high pM values where precipitate flotation prevailed. As anticipated, the V.R.
decreased as the collector concentration was increased. The effect of Th(IV) concentrations of
1 . 10"* - 1 . 10"M was tested under different experimental conditions. High removals could be
achieved at all the cases tested (Table 7).
6. Flotation of uranlum(VT)
The foam separation of U(V1) from waste water was investigated using KL and CTAB as
collectors. With KL little or even no froth was observed in the acidic pH range. Therefore, 2.5 ml
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of 2% solution of Ql In distilled water and 0.1 ml of 10% solution of "Aerofroth 77" In ethanol were
used as frothers for systems of pH values < 7.5.
The removal of U(V1) from waste water initially containing 1 .10"" gmole/l of the metal ion was
studied at pH values of 5.6 and 9.1. Results obtained are given In Table 8 which indicates that
the percent removals of U(Vl) obtained both by KL and CTAB are generally low but can be
remarkably Increased by adequetfy increasing the carbonate concentration of the water sample
under test.
Table 7
Results obtained for the flotation of Th(IV) [unpubliahed work24]

pH

Cm, M

Cc, M

Q.cm'/min

%R

V.R.

D.F.

E.R.

2

1
1
1
1
1
1
1
1
1
1
1
1
1
1

5.10"
5. 10"
5. 10"
6.10"
1 . 10"
2 . 10"
6 . 10"
1 . 10"
5. 10"
2 . 10"
1 .10"

90
55
42
42
42
42
42
42
42
42
42
42
42
42

98.8
96.2
97.0
98.9
97.8
99.0
99.2
99.1
99.4
98.9
98.8
98.9
98.6
98.7

12
31.5
51
42.6
131
91
60.2
200
385

15
25
33
89
42
99
123
110
166
83
83
88
70
77

166
766
1667
3794
5805
8901
7405
22111
63935
59440
77077
3276
4231
69853

2
2
2
4.2
4.2
7.2
7.2
7.2
7.2
7.2
2
2
7.2

. 10"
. 10"
. 10"
.10"
. 10"
. 10"
.10"
. 10"
.10"
.10"
. 10"
.10"*
.10"*
. 10"*

6.10"
4.10"
1 .10"

714
927
37
60.2
910

Table 8
Results obtained by flotation at Initially constant, 1 . 10"!M, U(IV) [unpublished work24]
pH

5.6
5.6
5.6
5.6
5.6
5.6
5.6
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1

•[CO32]
added, mg/l

collector and itst
concentration, I A

%R

V.R.

D.F.

E.R.

10
20
30
40
30
30
—
20
40
50
70
100
50
50

K L . 5 . 10"
KL,5. 10"
KL.5. 10"
KL.5. 10"
K U 5 . 10"
KL,4. 10"
KL,3. 10"
CTAB, 5 . 10"
CTAB, 5 . 10"
CTAB, 5 . 10"
CTAB, 5 . 10"
CTAB, 5 . 10"
CTAB, 5 . 10"
CTAB, 6 . 10"
CTAB, 7 . 10"

65.6
89.6
97.1
98.8
98.6
98.8
98.6
49.5
61.2
82.7
93.1
93.4
88.9
98.2
98.1

22.4
26.3
28.1
30.1
31.6
38.2
43.9
24.6
21.4
20.1
17
16.7
15.1
13.2
11.6

2.8
9.3
33
80
69
81
70
2
2.5
5.5
13.5
14
8
51
48

41
218
907
2398
2158
3060
3018
23
32
91
216
222
113
665
547

* COS2" added as carbonate;

Gas flow rate = 32
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Bubbling time = 30 min

II- Removal of U(Vi) by a Combined PrtdpRite Flotation ^recess
Flotation of U(V1) from the waste water by a combined flotation process was Investigated using
MGx as a precipitant and CTAB as a collector [unpublished work"]. Results are summarized In
Table 9. As shown In the table, both the %R and V.R. obtained at the high pH values tested are
better than those obtained at the lower pH values. On comparing Table 9 with Table 8, it is
observed that the results obtained by the use of a combination of CTAB and oxlne are better than
those obtained with CTAB alone. However, at the high pH values tested (Table 9) the percent
removal significantly decreased.
Table 9
Results obtained by a combined flotttlon process at Initially constant,
1 . 1 0 ~ X U(W) concentration [unpublished work^j
pH

(CTAB], M

(HC3x], M

%R

V.R.

D.F.

E.R.

5.5
5.5

3 . 10~*
3 . 10"4
3 . 10"4
3 . 10"4
2 . 10"4
2 . 10"4
5 . 10"4
5 . 10"4
3 . 10"4
3 . 10"4
5 . 10"4
3 . 10"4
2 . 10*"4
2 . 10"4
2 . tO"4

1 e 10"*
2 . 10-3
3 . 10"4
4 . 10"4
2 . 10-4
1.5 . 10"3
2 . 10"5
3 . 10*
8
2 . 10"
3
2 . 10"
2.
3
2 . 10"
3
2 . 102 . 10"*
2 . 10"3

89.3
96.7
97.1
93.8
90.1
93.2
88.7
89.8
97.4
99.1
97.3
99.1
99.0
92,1
87.4

20.4
28.9
34.7
37.6
30.7
26.2
20.9
23.6
31.2
48.6
41.3
54.3
56.8
55.6
60.2

8.9
29
33.5
15.7
9.8
14
8.4
9.4
37
109
36
109
98
12
7.8

162
818
1129
553
270
345
156
199
1133
5235
1453
5874
5526
636
410

5.5
5.5
5.5
5.5
5.5
5.5
7.8
9.5
9.4
9.5
9.5
10.5
11.4

Gas flow rate = 42

Bublblind time 30 min

III- Removal of i s *€s from Radioactive Process Waste Water by Coprsclpltate Flotation
The coprecipltate flotation of m C s from radioactive waste water using in situ prepared copper
ferrocyanlde as a coprsdprtating agent and NaLS, CTAB or Gl as collector - was intensively
Investigated10-2® and the best conditions for caesium removal with each of the collectors under test
were established. Obtained results indicate that copper ferrocyanide has a high affinity for Cs(l)
and can preferably coprecipitate K in presence of relatively high amounts of the alkali and alkaline
earth cations. The results are tabulated in Table 10 which shows that under the optimal
conditions removals > 99% could be achieved with any of the tested collectors.
A two-stage flotation process was tested27 for the removal of both Cs(l) and Co(ll) from waste
waters containing both cations. In this process cobatt(ll) hexacyanoferrate(ll) was used as a
precipitant for w Co and a coprecip'rtant for w C s . Obtained results (Table 11) indicate that under
the optimum conditions removals higher than 96% and 97% could be achieved for Co(ll) and
Cs(l) respectively.
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Table 10
Results obtained3® by copreclpltate flotation of 194Cs

pH

collector and
Its concn.

Fe(CN)a*-,
Cu 2 */ Ta,
M
Fe(CN)9*~ min

Tb,
mln

%R

V.R.

D.F.

ER.

4-5.5
4-5.5
5.5-7
5.5-7
7.9
4
8-10
3
5-10
8.5-10
8-10
5.5-8.5
6-9
4
4

NALS, 4 . 1 0 - '
NaLS, 1 . 10"4
NaLS, 4 . 10"s
NaLS, 1 . 10"4
CTAB, 1 . 10"4
CTAB, 2.10" 4
CTAB, 2.10" 4
CTAB, 2 . 10"8
CTAB, 2 . 10"4
CTAB, 2.10" 4
CTAB, 2 . 10^
Gl, 100ppm
Gl, 100ppm
Gl, 100ppm
Gl, 10Oppm

7 . 10'8
7 . 10*
7 . 10"*
7 . 10-'
7 . 10"*
7 . 10"8
7 . 10"*
7 . 10"*
7 . 10"8
7 . 10*'
7 . 10"8
7 . 10"f
7 . 10-8
7 . 10"s
7 . 10"'

8
8
8
9
8
10
10
10
10
10
10
10
10
10
10

95.4
98.1
97.1
99.2
98.7
99.7
98.6
99.3
99.6
99.1
99.9
99.0
99.9
90.2
98.0

119
91
75
85
100
28
62.5
36
62.5
60
72.5
70
32
75
75

21.5
52
34
123
76
321
70
141
252
109
986
98.6
969
10
49.5

2448
4642
2465
10384
7516
9003
4331
4961
15313
6523
71392
6872
31020
678
3608

Gas flow rate * 42;

3.5
4.5
3.5
4.5
2
2
2
2
3.5
3.5
1.7

10
10
8
10
10
28
8
32
60
10
10
20
10
90
24h

2
3.5
2
1

Tb: bubbling time period

Ta: ageing time period;

Table 11
Results obtained by two stage flotation process using CPC as collector for
the removal of "Co and 1MCs from waste water containing both radlonuclldes27
[CPC],
M

Fe(CN),4", Co27
M
Fe(CN)8*"

stage

pH

1st
2nd

8.1 1 . 10"4 1 . 10"4
8.5 3.10" 4 2.10" 4

%R*
Cs

V.R.

Ta,
(mln)

134

30
10

97.5±1 49.5±1
~
48.6±1

D.F. E.R.

500 40
166 50

19461
8118

98.1±1
pas flow rate = 42 cm'/mln;
* Average of 5 experiments

Bubbling time period = 30 mln;

Ta: ageing time;

IV- Adsorbing Colloid Flotation (ACF)
ACF of several metal Ions were intensively Investigated28-29 in this laboratory using Fe(lll)-,
Al(lll)- or Co(ll)- hydroxide as adsorbents. Results obtained for the maximum removal with KOI,
NaLS and Gl are summarized In Table 12 which shows that removals > 99% could be achieved
for ^Zn with any of the tested adsorbents, fof 144Ce with Fe(lll) and Co(ll) hydroxides and for ^Co
with only Co(ll) hydroxide. For ^Sr, the maximum removal (about 92%) could be achieved with
only Fe(lll) hydroxide. Unpublished work30 using AI(OH)3 as an adsorbent for the flotation of Cd(ll)
and Be(ll) using NaLS and Gl as collectors Indicate that Cd(ll) can best be removed with Gl, but
Be(ll) was best removed with NaLS (Table 12).
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Ta&ie 12
of tfs® ACF of several callows from tm wast© water
Coiiector

*

a0

Co

-10' 1 0

*

^Zn

-ID" 7

*

ag

-1.2 J O 7

•

144

-10*

**

Be(Sl)

1 . 10"4

**

Cd(iS)

1 . 1Q"4

Sr
Ce

KOI
KOI
KOI
KO!
KOS
KOI
KOI
KOI
KOI
KOi
KOI
KOI
KOI
KOi
KOI
KOI
KOI
KOI
KOI
KOI
KOI
NaLS
NaLS
NaLS
NaLS
KOI
KOi
G!

* [extracted from r e i 28]

128
192
128
128
128
192
258
480
128
192
192
192
128
192
192
96
128
128
192
192
128
115
115
173
173
128
192

4 . 10"4
6 . 1©-4
4 . 1Q"4
4 . 10"4
4 . 10"4
6 . tO" 4
8 . 10"4
1.5 JO" 4
4 . 10"4
6 . 1Q"4
6 . 10"4
6 . 1Q-4
4 . 10"4
8 . 10-4
6 . 10"4
3 . 1Q-4
4 . 10"4
4 . 10- 4
6 . 10-4
6 . 1Q"4
4 . 1Q"4
4 . 1Q"4
4 . 10"4
6 . 10" 4
6 . 10"4
4 . 10"4
6 . 10"4
100ppm

12
12
7.5
12
6.5
6.5
6.5
8.5
10
10
7.5
7.5
12
10
12
6.5
6.5
10
10
7.5
12
7.4
7.4
7.4
7.4
7.4
7.4
7.4

FeflH)

mg/S

M

112

2 . 10*
2 . 10*
3 . 10*
1.5 . 1 0 *
2 . 10*
2 . 10*
2 . 10*
2 . 10*
2 . 10*
2 . 10*
3 . 10*
1 . 10"2
1.5 . 1 0 *
2 . 10*
2.5 . 1 0 *
2 . 10*
2 . 10*
2 . 10*
2 . 10*
3 . 10*
1.5 . 1 0 *
1 . 1G"2
2
2 . io2 . 10" 2
1 . 10- 2
1 . 1Q"2
1 . io- 2
1 . Iff*

Fe(lll) 112
Alp)
81
Co(«)
Fe(HI)
Fe(l)I)
Fe(HI)
Fe(III)
Fe(Hi)
Fe(Hl)
Ai(iil)
Al(lll)
Co(II)
Fe(lil)
Fe(HI)
Fe(IH)
Fe(IIi)
Fe(lll)
Fe(ill)
A!(lli)
Co(II)
Ai(lll)
AI(IH)
Al(lli)
Ai(lil)
Al(IIJ)
AI(III)
Al(fll)

[unpublished work ref. 30]

88.4
112
112
112
112
112
112
81
270
88.4
112
140
112
112
112
112
81
88.4
270
540
540
270
270
270
270

93.3
94
89.1
99.3
99.5
99.6
99.8
98.1
96.8
98.1
97.6
99.8
99.1
90.1
91.7
98.5
99.1
95.7
98.1
97.7
99.8
89.9
94.7
99.7
98.7
91.3
96.7
99.1

V.R.

O.F.

E.R.

346
346
125
250
155
167
161
173
204
217
151
112
217
217
141
145
156
204
217
122
250
102
104
106
111
119
111
132

15
16.6
9.1
498
199
248
497
52
31
52
41
496
111
10
12
66
110
23
52
43
498
9.8
18.7
330
76
11.4
30
110

4788
1462
1014
124251
30895
41251
7S885
8850
6143
11173
6121
54945
23827
1969
1545
9451
17CB5
4520
11173
5138
124251
899
1843
35022
8360
1239
2227
14378

Further unpublished investigations31 on the removal of ^Co from waste water using in situ
prepared hydrous MnO2 as adsorbent and NDPC as collector were performed. Obtained results
are shown in Fig 4 and Table 13 which Indicate that percent removals > 95 could be achieved
at pH range of about 5.0-7.0 with maximum percent removals > 97.5 at the pH range of about
5.0-6.2.
Table 13
Results obtained by ACF at Initially constant, 1 .10"*M, Co(ll) concentration
from waste water using MnO2 as adsorbent [unpublished work31]

[NDPCJ, M
2.5.
2.5 .
2.5 .
2.5 .

10" 4
10" 4
10"4
10- 4

2.5. 10^
2 . 5 . 10- 4

pH

%R

V.R.

D.F.

E.R.

4.5
5.0
5.9
5.5
7.0
8.1

85.5
97.5
97.4
97.7
95.6
92.4

147
143
139
143
135
128

6.8
40
38
43
23
13

861
5532
5165
6026
2914
1547

DISCUSSION
Results obtained for the removal of Co(ll) from waste water (Table 2) indicate that the minimum
Aerosol 18 / Co(ll) molar ratio required to attain the maximum %R strongly depends on the pH;
that Is it depends on the type of flotation. Thus, the (Cc/Cm)^ value is about 11,6 and 0.25 at
pH 5, 9 and 9.6 respectively. At pH 5.0, the divalent cobaltous cation predominates and from
electrostatic considerations a collector/metal Ion molar ratio of 2.0 is theoretically required for
complete flotation. In practice a much higher ratio is required, most probably to stabilize the
phases and to overcome effects of other cations present in the water. At pH 9.6, Co(OH)2 is
precipitated. Uke other metal hydroxides,32 cobaltous hydroxide can be easily floated at a
substoichiometric collector concentration and hence the collector requirements decreases. In
general, the V.R. and consequent^ the E.R. decrease in the order: precipitate flotation >
heterogeneous ion flotation > homogeneous ton flotation.
The obtained removals compare favourably with the most successful ones reported in the
literature (< 96%)3S^8 and the optimum pH range obtained in the present work is much wider than
most of the pH ranges (mostly 9-12) previously found.39"38
As shown in Table 2, the V.R. and consequently the E.R. are low but they could be improved
(Table 3) by simply increasing the length of the flotation column by about 50% to allow the
solution entrained in the foam to drain.
Ion flotation of Sr(ll) from the waste water under Investigation was studied using Aerosol 18
as a collector. Obtained results (Fig. 1 and Table 4) indicate that the effective pH of maximum
removal depends on the Cc/Cm ratio and decreases on the acid side on decreasing this ratio as
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Fig. 1. Strontium(H) removals from tap water at various
pH values using Aerosoi 18 as collector.
Cm: (O. A) 1 .10"'M; (O) 5 . 1<r*M; ( • ) 8.10" 5 M
Cc: (O, A) 5 . W*M; (Q. O) 7 . KT*M
G: 55 cm3/min

Fig. 2. Cerium (IS!) removals from tap water at various pH
values using NalS as collector [Ref. 20].
Cc: (•) - 5 . I C T X (O) = 2.5 . KT'M;
Cm: 1 . i<r*M;
G » 70 cm3/m!n; bubbling time = 45 min

o
ON

100

o
o
or

to -

Fig. 3. Zirconium (IV) removals from tap water at various
pH values using NaLS as collector [ref. 20].
Cm = 2 . l O ^ y ; Cc/Cm = 3; G = 70 cm3/
bubbling time = 45 min

(X

FSg. 4. Cobaft(fl) removals from tap water at various pH
values with ACF using 20 mg of hydrous MnO2 as
adsorbent and 2.5 . lO^M NDPC as collector
[unpublished work31].
Cm = 1 . 10'8M, Aging time = 30 min

a result of the increased competitive effect of the hydrogen ion for the collector anions. On the
other hand, the decrease of the percentage removal at pH values > about 10 can be attributed
to a) the competition between the hydroxyl and collector anions for Sr(ll) cations, and b) the
possible formation of Sr(ll) hydroxide spedes containing excess hydroxyl ions.40 In confirmation
to this possibility Sr(ll) could be partially floated by21 CTAB at pH values > 10.5. In general,
removals in the pH range 8.5-10 Is less sensitive to the collector concentration, likely due to
precipitation of Sr(ll) carbonate, but most probably due to the increased ionization of the collector.
Aerosol 18 has two anlonlc groups, the -SO3H and the -COOH groups. The latter group is weakly
addle and Its dissociation, therefore, depends on the pH and would be expected to increase as
the pH is elevated.
Removal of Ce(lll) from the waste water was investigated [unpublished work22] using NaLS as
a collector. As shown from the results (Rg. 2 and Table 5), at adequate collector concentrations
and lower gas flow rate removals > 98% could be achieved at pH values ranging from 2 or
probably less up to about 6. At this pH range the Ce(H2O)n^ ion predominates. As this ion is
positively charged ft would be naturally floated by the anionlc collector NaLS. At pH values above
6.0, the %R significantly decreases with the pH Increase, most likely due to the possible formation
of carbonates of Ce(ll).
As shown in Fig 3 and Table 6, at substiochiometrte collector (NaLS) concentrations, removals
approaching 100% could be achieved for the removal of Zr(IV) from waste water in the pH range
of two or probably less up to ca. 5 where the %R sharply drops to become nil at about pH 7.0.
Zr(IV) could not be removed by the cattonic collector CTAB at pH values < 7 but high removals
could be achieved at higher pH values. These findings indicate that Zr(IV) species formed below
pH 7.0 are all positively charged. At about pH 7.0 charge reversal takes place. %R -pH curves
obtained for foam separation of Zr(IV) suggest that hydrous oxides start precipitation41 at pH 3.9
therefore, removals of Zr(IV) at pH values > 3.9 should be due to precipitate flotation. At lower
pH values, the removal should be due to flotation of polynuclear species, mainly M3(OH)5*7 and
M4(OH)B*8, which start formation42 at pH 2.0. As the pH is increased an increase in polymerization
takes place.42
As shown in Table 6, Zr(IV) removals -99.5% could be achieved for initial Zr(IV) concentrations
of 2 . lO^M and decreases to 98.5% for 1 . 10~*M solution. The value 99.5% removal is much
better than the value (-80%) obtained by Rice and Sebba43 and competes well with the values
97.3 - 99.5 obtained by copredpttate flotation*4^8 in the pH range 9 -10.5. In view of the use of
a batch process, the D.F. obtained In the present case may be considered very sufficient.
Previous work from this laboratory15 suggests that easily floatable highly polymeric thorium
hydrolysis species are formed near pH 3 which agrees with the literature47 which states that
aggregates containing more than 100 atoms per partide may be found in solution before any
precipitation can be observed. Accordingly, flotation of Th(IV) from waste water at pH 2.0 (Table
7) may be attributed to ion flotation of the metal ion and Its mononuclear positively charged
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hydrolysis sp©cies. Removals at pH 4.2 Is due to flotation of highly polymerized Th(IV) hydrolysis
species and since precipitation was observed19 at pH -5.7, flotation at pH 7.2 should be due to
precipitate flotation of hydrated thorium oxide.
The D.F. and E.R. obtained under the different tested conditions are generally satisfactory.
Exceedingly high values are obtained at the high pH value tested especially when low collector
concentrations are used.
Ion and precipitate flotations of U(V1) from different media were intensively investigated by
some of the present authors4"14*®^° using different collectors.
In case of flotation of U(V1) from carbonate containing solutions, only CTAB gave high removals
in the pH range of about 8.5-11. These removals are due to the ion flotation of the uranyl
tricarbonate complex. In the faintly acidic pH region, about pH 5.5-6.0, another maximum is
obtained by both CTAB and KL This maximum Is attributed to the flotation of UO2CO3 which is
known to exist In slightly acidic solutions.31 Therefore, and because the waste water under test
contains carbonate, CTAB and KL were tested for the flotation of U(VI) [unpublished work24]. As
shown from the results (Table 8), addition of carbonate fs necessary to achieve the optimum
removals. However, carbonate concentrations higher than the optimal results into a significant
decrease In the %R ©specially In case of flotation with CTAB due to the competitive effect of
CO32" with UO^COJa** for the collector cations. The V.R. Is generally higher in case of flotation
with KL than with CTAB. In both cases the V.R. is generally low but can be increased by proper
volume reducing techniques.
With the aims of improving th© foam separation results of uranium at high pH values with
CTAB, attention was directed towards a combined flotation process of the first and second kinds.
It is known that the addition of 8-quinolinal to a solution of UO2(CO3)34" causes the uranium to
precipitate at an elevated pH (11-12).*188 In dilute aqueous solutions precipitation does not occur,
but a red soluble mononegatfvely charged complex is formed. Since the charge of the
uranyl-8-qulnolinate complex is a quarter of that of uranyl tricarbonate it Is to be expected that
the amount of collector that would be required to float a given quantity of U(VI) would be four
times lower when uranium exists as the quinolinate complex than when it exists in the form of
UO2(CO3)34™. The obtained results (Table 9) indicate that the addition of oxine to the waste water
markedly Improves th© percentage removal and lowers the CTAB concentration that is required
for maximum percent removal. At the highest pH value tested the %R decreases due to the
decomposition of the uranyl carbonate and oxinate54 complexes and the precipitation of uranates.
As shown in Table 9, a very high excess of HOx impairs the %R due to the competition of the
excess quinolinate Ions with the uranyl complex for the collector cations (Table 9). However,
although removals of U(V1) from the waste water were performed using 1 . 1CT*M U(VI)
concentrations, much lower concentration wouid be expected to be efficiently removed as it was
found in case of pure U(V1) solutions.
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In general, precipitate flotation of the second kind seems to have some advantages over
precipitate flotation of the first kind. These advantages include: 1) the process is more rapid, 2)
not highly affected by ionic strength, and 3) can be made very selective. Nevertheless, all the
previous work published on precipitate flotation of the second kind had two main disadvantages
which limited its application. First the floated compound can easily redisperse from the foam back
into the bulk solution, hence the %R may be reduced. Second, the precipitating agents are
impracticable for use on large scale, especially from the economic point of view. But, in the
present work, both disadvantages could be overcome. Thus, no redispersion could be observed,
especially when the combined flotation technique was applied. Also, oxine and its derivatives are
relativefy cheap and has been economically used on large commercial scales.55"58 Furthermore,
both oxine and CTAB can be recovered from the foam phase and recycled by using the method
suggested by Shakir and Samy.98
Coprecipitateflotationof caesium was investigated using copper ferrocyanide as a coprecipitant
and NalS, CTAB and Gl as collectors. The copper ferrocyanide was formed in situ by adding the
required amounts of K,Fe(CN), and CuSO4 to the water sample. Obtained results (Table 10)
Indicate that to achieve successful removals with the strong anlonic collector, NaLS, Cu2* should
be added in excess over the stoichiometric composition of copper ferrocyanide. The activating
of Cu2* is attributed to that In the presence of an excess of Cu 2 \ the copper ferrocyanide
precipitate acquires the electro-positive character required for the combination with the strong
anionic collector, NaLS.
Coflotation resembles precipitate flotation in that it requires less than the stoichiometric
collector/copredpitate ratio for the complete removal of the copreclpttated Ion. In the present
case, removals -95% could be achieved with NaLS at a collector/ precipitate molar ratio of about
0.6. Taking into consideration that the molecular weight91 of Gl seems to range between 20,000
and 120,000, the Ql/copreclpitate molar ratio that Is required to attain the optimum removal
(99.9%) of Cs(l) from the waste water could be calculated and was found to lie between 0.07 and
0.011. Unlike NaLS and Gl, the strong cationic collector, CTAB, gives successful removals at only
collector/precipitate molar ratio slightly higher than the stoichiometric one (Table 10).
As shown from the results, removals of about 99.2, 99.9 and 99.9 could be achieved with
NaLS, Gl and CTAB respectively. Good D.F. and high E.R. are obtained. Furthermore, successful
results could be obtained for the removal of 1J4Cs(l) and "°Co(ll) from waste water containing both
radionuclides by a two stageflotationprocess using cobalt ferrocyanide as coprecipitant and CPC
as collector (Table 11).
Of the various separation techniques of metal ions, copcecipftation has received much attention,
but in many instances, it suffers from difficulties in separating the coprecipitate especially when
present as colloid in large volumes of solution. Attention has, therefore, been directed since few
years towards ACF which combines the benefits of both copreciprtation and foam separation.
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Results obtained for the ACF of several metal Ions on Fe(lll)-, Al(lll)- and Co(ll)- hydroxides
(Table 12) can be best Interpreted in connection with the properties of the hydroxides, the
collectors and the metai Ions under test The Isoelectric points of Fe(OH)3, AI(OH)3 and Co(OH)2
are respectively about 8.5." 9.0." and > 12.0.82-28 Therefore, Fe(lll)-, Al(lll)- and Co(ll)hydroxides should be positively charged and hence they can be easily floated by the anionic
collector, KOI at pH values below about 8.5,9.0 and 12.0 respectively. At pH values of about 8.0,
•°Co(ll), "SrOI), ^Znfll) and Cd(ll) exist in the form of positively charged species and therefore
they cannot be electrostatically attracted to the similarly charged Fe(lll), AL(III) and Co (I I)
hydroxides. The enhanced sorption of these microconstituents at pM values < 8.0 may therefore,
be explained by a mechanism involving direct exchange of the metal ions with H* on the sorbent
surface. At about pM 6-7 where Ce(lll) is precipitated as the hydroxide, coprecipitation most
probably takes place as a result of the formation of mixed hydroxides.63 At higher pH values
where polymerization products of Ce(0M)3 predominate,94 coprecipitation may occur because of
the joint coflotation of the micelles of the macro- and micro-elements.8886 At high pH values
2nCO3 is formed and coprecipitation of ZnCO, most probably takes place by a joint coflotation
mechanism. Calculations indicate that, under our experimental conditions, Be(ll) hydroxide is
formed at pM values > 6.7 which is mostly copreclpitated through the formation of mixed
hydroxides or as a result of the joint condensation of polymeric ions of macro- and microelements.
The methods generally applied for dilute liquid waste treatment are chemical precipitation and
ion exchange. Chemical precipitation andflocculenttechniques are the least expensive but they
are less effective and lead to relatively large amounts of residue. Therefore, the concentration
factor8765 is about 30. Ion exchange presents a complicated flow sheet owing to the many
involved steps: adsorption, back flush, regeneration and washing and periodic replacement of the
bed. In addition, there are difficulties in synthesizing particles with adequate mechanical and
structural properties, for column operation as e.g., In case of ferrocyanides,88 therefore,
application in this case is confined to natural and synthetic zeolites or alumino silicate.5"
From the foregoing and the results obtained it seems that foam separations especially
copredpitate flotation and ACF, have many advantages over chemical precipitation and ion
exchange. These advantages include: 1) ease of maintenance (no moving parts which need
frequent replacement or continuous decontamination; 2) ability to remove colloidal particles and
insoluble matter (filtration and sedimentation steps may be reduced or even omitted; 3) rapid
operation; 4) flexibility of application to various metals at different low scales; 5) low residual
metal ion concentration (maximum D.F. of 986,100 and 10 are obtained for removal of caesium
by coprecipitate flotation, chemical precipitation*® and alumino silicate ion exchangers69
respectively; 8) production of small volumes of sludge highly enriched with the contaminant (V.R.
ranging between 30 to 120 are obtained for caesium by coflotation as compared to V.R. of about
30 generally obtained with chemical precipitation,70 the V.R. generally obtained with chemical
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precipitation67 is about 30 as compared e.g., to V.R. of about 250, 210, 250 and 140 obtained by
ACF of Ce(lll), Zn(ll), Co(ll) and Sr(ll) respectively; 9) low cost chemicals and equipment, the
chemical and capital costs of waste water treatment by adsorbing colloid and coprecipitate
flotations have been estimated and compared with lime precipitation71"73 and it has been found
that economic favours coflotation by a substantial margin.
In view of the single stage batch process used In the present work, the obtained values of V.R.
and D.F. are generally successful and even excellent in some cases. Nevertheless, they can be
further improved by adopting one of more of the following processes: 1) use of taller flotation
columns to allow the solution entrained In the foam phase to drain; 2) use of multiple columns
which may Increase the D.F. by 3 or more orders of magnitude;74 3) use of stripping7579 or
refluxing columns77 which considerably Increase7* the V.F. and D.F. In case of Ion flotation. The
reflux and stripping columns can be combined to furnish the advantages of both.79

REFERINCSS
(1) F. Sebba; Nature; 184,1062(1959).
(2) R.E. Baarson and C.L Ray; "Precipitate Flotation, a New Metal Extraction and Concentration
Technique1, American Institute of Mining, Metallurgical and Petroleum

Engineers

Symposium, Dallas, Texas, 1963.
(3) E.J. Mahne and T A Pinfold; Chem. Ind.; 1299(1966).
(4) K. Shakir, K. Benyamin and M. Aziz; Can. J. Chem.; 62,51(1984).
(5) V.V. Pushkarev, LD. Skrylev and V.F. Bagretsov; Radlokhimiya; 1,709(1959); C.A.:
54,150031(1960).
(6) LD. Skrylev and S.Q. Makrushln; Zh. PrikJ. Khlm. (Unengrad); 34,2403(1961).
(7) S.A. Voznesenskil, Q A Serada, LI. Baskov, E.V. Tnakenko and V.F. Bagretsov;
Kernenergie; 4,316(1961); C A : 62,2610f(1965).
(8) H. Sasaki and T. Yamasakl; Nippon Kogyo Kaishl; 81,391(1965).
(9) K. Shakir and M. Aziz; Chemlca Scripta; 11,164(1978).
(10) K. Shakir, M. Aziz, H. Salama and K Benyamin; Radiochimica Acta; 41,47(1987).
(11) K- Shakir, M. Aziz and K. Benyamin; Proc. Fifth Conf. Nucl. Scl. & Appl. (Cairo, 16-20 Feb.
1992); VoM, pp.481.
(12) T. Sasaki, K Mxhizukl and S. Ishiwata; Bull. Chem. Soc. Jpn.; 55,3717(1992).
(13) K. Shakir, M. Aziz and K. Benyamin; J. Radioanafy. Nucl. Chem., Articles; 173,141(1993).
(14) K. Shakir; Sep. Sd.; 8,345(1973).
(15) K. Shakir and S. Samy; Tenside Detergents; 15,189(1978).
(16) W.W. Schulz; U. S. At Energy Comm. HW-79762 PT1(1964).
(17) A.A. Nemodruk and LP. Glukhova; J. AnaJ. Chem. (USSR); 18,85(1963).
(18) T.M. Florence; in Proc. Symp. on the Anal. Chem. of Uranium and Thorium; Lucas Heights,

301

Sydney, N.S.W., May 7-8 (1970) p.1107.
(19) F.S. Grlmoldl and C.E White; Anal. Chern.; 25,1886(1953).
(20) M. Aziz; Ph. D. Thesis; Aln Shams University; 1978.
(21) K. Shakir and M. Aziz; Radiochimfea Aeta; 26,113(1979).
(22) M. Aziz and Sh. G.Behelr; Unpublished work.
(23) Sh.G. Behelr and M. Aziz; Unpublished work.
(24) M. Aziz and S. Samy; Unpublished work.
(25) Sh.G. Beheir; Unpublished work
(26) M. Aziz, K. Shakir and K. Benyamln; Radioactive Waste Management & the Nucl. Fuel
Cyde; 7,335(1986).
(27) M. Aziz and Sh.G. Beheir; J. Radioanary. Nud. Chem., Articles; 191,53(1995).
(28) K. Shakir, M. Aziz, M.N. Salama and K. Benyamin; Isotopenpraxis; 23,103(1987).
(29) K. Shakir, M. Aziz and K. Benyamin; Tenslde Surfactants Detergents; 28,195(1991).
(30) Sh.G. Beheir and K. Senyamin; Unpublished work.
(31) K. Benyamln; Unpublished work.
(32) T.A. Pinfold; in "Adsorptrve Bubble Separation Techniques", Lemlich editor, Academic Press
(1972).
(33) R. Lemlich and E. lavi; Science; 134 No 3473,191(1961).
(34) Y. Moroi and R. Matuura; Mem. Fac, Sd. Kyushu Univ., Ser. C, 7,51(1970); C.A.:
73,80898u(1970).
(35) K. Kobayashl, H. Soto, K. Kacht, M. Nakamura and T. Sasaki; Bull. Chem. Soc. Jpn.;

49,3533(1975).
(36) L D . Skrylev and K.B. Amanov; Kollold Zh.; 34,458(1972)
(37) L D . Skrylev and KB. Amanov; Zh. Prlkl. Khlm., (Leningrad); 48,819(1973); C.A.:
79,106398g(1973).
(38) K.B. Amanov, V.F. Trapoznnikovm and Q.K Kim; Izv. Akad. Nauk. Turkm. SSR, Ser. FlzTekh., Khlm. Gec4. Nauk.; (1).123(1973); C A : 83,150846(1975).
(39) K. Jurkiewicz and A. Wakemundiki; Chem. Stosow.; 18,385(1974); C.A.: 82,75869s(1975).
(40) M. Davis and F. Sebba; J. appl. Chem.; 16,293(1966).
(41) K. Shakir and M. Aziz; Transition Met. Chlm.; 4,244(1979).
(42) A.J. Zleien; USAEC report UCRL-2268, (Jury 1953).
(43) N.W. Ric@ and F. Sebba; J. appl. Chem. (London); 15,105(1963).
(44) Y. Koyanaka; Nippon Genshiryoka Gakkaishi; 11,198(1969); C.A.: 71,66465c(1969).
(45) Y. Koyanaka; Nippon Genshiryoka Gakkaishi; 7,621(1965); C.A.: 65,133399h(1966).
(46) Y. Koyanaka; U.S. At. Energy Comm.; KURRI-TR-24(1966).
(47) S. Akrland, J.O. Utyenzin and J. Rydberg; In' The Chemistry of Actinides" Pergamon Texts
In Inorganic Chemistry vol 10, Pergamon Press, Oxford (1975) p. 49.
(48) K. Shakir; J. appl. Chem.; 23,339(1973).
(49) K. Shakir; Chemica Scripta; 6,170(1974).
(50) K. Shakir and S. Samy; J. Less-Common Metals; 71,265(1980).

(51) C. Tsymbal; CEA-R-3476; Centre of Nud. Studies, Grenoble, (1969).
(52) W.E. Clifford, P. Noble.Jr and E.P. BulKvinkel; U.S. At. Energy Comm. Report RMO-2623
(1956).
(53) E.P. Bulrwinkel and P. Noble.Jr; J. Am. Chem. Soc.; 80,2955(1958).
(54) J.E. Ricci and F.J. Loprest; J. Am. Chem. Soc.; 79,2119(1955).
(55) L Hummelstedt et al; Proa Int. Solvent Extr. Conf., Vol 1, (Society of Chemistry and
Industry), London (1974) p. 829.
(56) A.W. Ashbrook; Hydrometall. J.; 1,93(1975).
(57) W.E. Clifford et al; J. Am. Chem. Soc.; 80,2959(1958).
(58) R.D. Weed; HW-76867(1963); Nud. Abstr. 17:40682(1963).
(59) McGraw-Hill Encyclopedia of Science and Technology (McGraw Hill Book Co.) Inc. New York
(1960) Vol. 6p.94.
(60) G.A. Parks; Adv. In Chem.; No 67 (1967).
(61) N. Deioiie, H. Bilinski and R.H.H. Wolf; J. Inorg. Nud. Chem.; 33,791(1971).
(62) S. Mattson and A.J. Pugh; Soil Sd.; 38,229(1934).
(63) A.I. Novikov, Zhur. Anal. Khim. 17,1076(1962); C A : 59,9e(1963).
(64) F. Kepak and J. Krrva; J. Inorg. Nud. Chem.; 33,1741(1971).
(65) A.K. Lavrukhlm; Zhur. Anal. Khim.; 12,41(1957); C.A.: 51,9389e(1957).
(66) N.N. Mironov and A.I. Odnosevtsev; Zhur. Obshchev Khim.; 26,960(1956); C.A.:
51,482(1957).
(67) D. Pepper; British Chem. Eng.; 9,551(1969).
(68) T. Tsutsui; Amm. Report of the Res. Reactor Inst., Kyoto Univ.; 1,191(1988).
(69) K.W. Cariey-Macaury, IAEA-CN-43/21; Radioactive Waste Management, Proc. Int. Conf.
Seatle, May 1983 (IAEA, Vienna1984) Vol. 2 p. 15.
(70) K.W. Carley-Macaury et al; "Advanced Management Methods for Medium Active Liquid
Wastes", Radioactive Waste Management Series (Harwood Academic Publishers) 1981,
Vol. 1.
(71) E.L Thackston, D.J. Wilson, J.S. Hanson and D.L Miller.Jr; J. Water Pollution Control Fed.;
52,317(1980).
(72) G.T. Intyre, J.J. Rodriguez, EX. Thackston and D.J. Wilson; Sep. Sci.; 17,683(1982).
(73) M.A. Slapik, E.L Thackston and D.J. Wilson; J. Water Pollution Control Fed.; 54,238(1982).
(74) Y. Koyanaka; U.S. At. Energy Comm.; KURRI-TH-19(1966).
(75) R. Lemlich, in "Adsorptive Bubbte Separation Techniques", Editor R. Lemlich Academic
Press, New York (1972) Chapter 3 p. 38
(76) E. Rubin and E. Gaden.Jr.; 'Foam Separation" Chapter 3 In "New Chemical Engng. Sep.
Techniques"; H.M. Schcen ©dM Wiley Intersdence, New York (1962).
(77) B.L Karger, F. Sebba, R.B. Grievws, R. Lemlich and A.J. Rubin; Sep. Sci.; 2,401(1967).
(78) E. Schonfeld and A.M. Wbbey; Nud. Appl.; 3,353(1967).
(79) R. Lemlich, in "Progress in Separation and Purification", Vol. 1, E.S. Perry ed., Wiley
(Interscience Publishers), New York (1968).

303

EG9601802

CONDITIONING OF INORGANIC ION EXCHANGERS BASED
ON CERIUM(IV) ANTIMONATE IN CEMENT MATRIX
H.F.ALY, N.ZAKAREIA, M.I.EL-DESSOUKY, N.M.ABO-MOSALLEM
AND I.M.EL-NAGGAR

Hot Laboratories Centre, Atomic Energy Authority,
Post Code 13759, Cairo, Egypt
ABSTRACT
The removal of radioactive nuclides from radioactive waste is carrier out by
chemical in-situ

precipitation. The addition of cerium(IV) antimonate (CeSb) to

cement mixture enhances the compressive strength more than plain cement. Waste
package containing

CeSb increased the compressive strength relative to original

ordinary portland cement (OPC) matrix for waste products immersed in tap water for
one month. The compressive strength increase in the order; Sr CeSb> Mix CeSb> Na
CeSb> Co CeSb> Cs CeSb> O P O Eu CeSb> CeSb.
The comulative leached fractions of 6 0 Co and

134

Cs decreased for solidified waste

products containing CeSb in comparison with plain cement.

INTRODUCTION
The use of inorganic adsorbents for treatment of aqueous radioactive waste has
many advantages; namely; better resistance to chemical attack thermal stability,
compactibility with immobilization matrices and resistance to radiations (!>2). Inorganic
ion exchangers possess many properties which make them more suitable for rad waste
treatment than organic exchange resins (3"^). Inorganic ion exchange materials can be
immobilized using cement matrix <7) to obtain good solidified waste form.
The aim of this work is to investigate the possible removal of some radioactive
nuclides from radioactive waste by chemical in-situ precipitation. Conditioning of the
exhausted CeSb from the treatment of low and intermediate level radioactive wastes in
cement matrix were further assessed in terms of the different parameters affecting the
properties of solidified waste package.

30U

EXPERIMENTAL
All reagents were of analytical grade and used without further purification,
85

Sr,

60

Co and

England.

152 154

>

22

134

Cs,

Na were obtained from the Radiochemical Centre, Amersham,

Eu was obtained from Egyptian Nuclear Reactor, Inshas, Egypt. The

chemical and radiochemical composition of the simulated intermediate level liquid
waste (ELLW) are presented in Table 1 and 2. The chemical composition of cement
matrix used is shown in Table 3.
Synthesis of cerium(rV) antimonate
Cerium(IV) antimonate was prepared as reported earlier (8)
In situ precipitation with cerium(rV) antimonate
The in-situ precipitation of the elements with cerium(IV) antimonate was performed
as previously reported (9). In this respect, slow addition of 60 ml of 0.6 M antimony
metal (dissolved in aqua regia) to a mixture of 0.6 M ammonium eerie nitrate together
with 0.1 M of each of Na, Cs, Sr, Co and Eu metal ion solutions (30 ml) in a waterbath
with constant stirring. After overnight standing, the precipitate was filtered, washed
with distilled water by using

a centrifuge (about 10 rpm) and dried at room

temperature (30°C).
Compressive strenght
The specimens were prepared by mixing OPC and ELLW at W/C ratio of 0.35 with
different percentage of the exchanger. The resultant cement mixture were stirred for 5
minuties and the grout was then poured into 30 mm right cylinder mould and vibrated
until any air bubbles present have been removed. At the end of the cured period (28
days) the compressive strength of

these samples was measured according to Bs.

1881 O°). The strength tests were

carried out using the challenger range of

compression testing machine (2000 KN) calibrated at Bs 1610.
Water immersion
The effect of water immersion on the compressive strength of the 30 mm right
cylinder samples of the final waste products after immersion in different leachant
solutions, synthetic sea water O*), tap water and deionized water, has been tested. The
loading
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Table (1) Chemical composition of Intermediate level liquid waste

1
2
3
4
5
6
7
8
9

Concentration (g/L)

Name

No

10-100
0.15
1:1
0.06-0.1
0.04-0.12
0.007 - 0.07
0.01 - 0.02
0.02-0.10
o.Ol -0.03

Dry residue
Suspended matters
Ca:Mg Ratio
Sulphate-ion
Chloride-ion
Nitrate-ion
Phosphate-ion
Oxalate-ion
Detergent (SAA)

Table (2) Radiochemical composition of intermediate level liquid waste
No

Radionuclides

1

E including
Caesium-137
CobaJt-60
Strontium-90-HYttrium-90
"Ruthenium- 106+Rhodium-106
Iodine-131
Europium-154
Zirconium-95 + Nibium-95

2

L Ct-

Quantity
Bq/m3

Ci/1

3.7E9
1.85E9
3.7E7
7.4E8
3.7E8
3.7E7
3.7E8
3.7E8
3.7E8

1E-4
5E-5
1E-6
2E-5
1E-5
1E-6
1E-5
1E-5
1E-5

TABLE (3) Chemical composition of cement material in percent
SiO2
20

A1A

Fe.Oj

6.0

3.0

CaO

MgO

63

1.5

Loss on ignition : T%
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K2O
0.5

SO3
2.0

Insol.

Residue

0.5

0.5

weight percent of inorganic ion exchangers mixed with OPC was 3% with W/C ratio
ofO.35.
Thermal stability
Samples of final waste forms were prepared as mentioned before. The effect of heat
at 105°C for

one week on the compressive strength of the solidified products

previously immersed in the leachants tap water and distilled water for one month was
studied.
Radiation stability
The effect of radiation dose rates in the range between 102 and 10 10 rad on the
compressive strength of the final waste forms prepared as before was studied. The
irradiation were carried out by a cobalt-60 source of the gamma cell 220 type having
maximum dose rate of 30 Gy/s.
Leachability
Specimens (70 g) of air dried ELLW precipitated in-situ cerium(IV) antimonate with
the radioactive tracers

60

Co and

134

Cs were mixed with OPC in the ratio W/C= 0.35

were prepared. Also specimens (70 g) of ELLW with

60

Co and

134

Cs loaded on

cerium(IV) antimonate were mixed with OPC in the W / O 0.35 and specimens (70 g)
of ELLW with Co and Cs were mixed with OPC with the same W/C ratio were
prepared. The specimens were taken out from the cylinder moulds of 35 mm right
cylinder

and immersed in the leachant deionized water (585 ml) for 93 days at

25+0.5°C. The radioactivity was identified and measured by x-ray spectrometry using
a TENNELEC multichannel analyzer coupled with a high purity Germanium coaxial
detector, spectrum 88, manufactured

in USA. Leaching tests were carried out

according to the method recommended the EAEA <12). Duplicates of the experiments
have been shown that the results are reproducible to +3%.

RESULTS AND DISCUSSION
Compressive strength
The compressive strength of the solidified waste forms as a function of % weight of
cerium(IV) antimonate, cerium(IV) antimonate precipitated in-situ with each elements
Na, Cs, Co, Sr and Eu, and cerium(IY) antimonate in-situ with mixture of these
elements are shown in Fig. 1. It is clear, from this figure that, maximum compressive
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strength was obtained for the solidified waste forms with 3% of the inorganic ion
exchanger.
The compressive strength ratios of the final products with the inorganic ion
exchanger compared with plain cement are given in Table 4.
The results indicated that the, presence of cerium(IV) antimonate enhanced the
compressive strength. The compressive strength enhancement ratios as follows:
SrCeSb> EuCeSb> CsCeSb> NaCeSb> CoCeSb> Mix CeSb> CeSb
This sequence can be attributed to the fact that cement can be considered as a
complex system of calcium silicate and aluminates, which reacts exothermically with
water, at different rates, to produce complex hydrates and calcium hydroxide. The rate
at which these hydrates are formed greatly increase the mechanical properties of the
final solid matrixO3). The high compressive strength for the solidified products can be
predicted following the work of Powers and Brownyard^4) which correlates the
potential cavity volume in hardened cement after correction for partial filling by
hydration for water saturated cement paste. According to this work, smaller cavity
volumes and decrease in porosity for the hardened pastes yield greater compressive
strength.
The compressive strength may depend on the radius of inorganic materials and the
water contents in cement-M-CeSb composite. For this reason the compressive strength
may be relatively higher for the system containing much water of srystalization.
The higher compressive strength of waste product with SrCeSb comparusib it with
the other waste

product can be related to the extremely low solubility of this

compound at high pH values of cement pore water and reaction between Sr and
different components of the cement^15).
Water immersion
The compressive strength of the final waste forms after immersion in leachant, tap
water,

deionized water and sea water for one and three months as well as the

percentage changes in the mechanical properties are given in Table 5. The results
indicates that, when the waste products were immersed in sea water for one month the
compressive strength for all specimens decrease with values ranged between 2.9 and
39.5%. The compressive strength of the solidified waste forms containing MixCeSb
highly decreases than that containing CoCeSb followed by NaCeSb. This means that
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Table (4) Compressive strengt h of typical solidified waste fc rms
Waste Froms

O

Plain OPC
OPC-Ce/Sb
OPC-Ce/Sb-Sr
OPC-Ce/Sb-Eu
OPC-Ce/Sb-Cs
OPC-Ce-Sb-Na
OPC-Ce/Sb-Co
OPC-Ce/Sb-Mix

Compressive strength,
Kgm/cm2
216.56
258.35
334.03
318.78
291.73
282.46
272.52
265.50

Enhancement Ratio
____
1.19
1.54
1.47
1.35
1.30

1.26
1.22

i

Table (5): Effect of Immersion on the Compressive Strength of the Solidified Product After Immersion in
Different Leachants for One and Three Monthes

<rompmsiv« itrength Kj/env'
Ucham

1

•

n

HI

1

a

4

3

2

1

HI

1

n

5

n

in

282.5

215

ni

I

6

m

I

a

-Z3.8

3I8.S

304.7

I

a

-4.4

334.0

7

m

I

a

-18.9

261.6

158.2

-39.5

-50.4

261.6

ISS.6

-27.9

261.6

173.4

-33.7

S<» Water

25IJ

250.SI

•2.9

272.5

177.3

-34.2

291.7

2-17.1

270.8

Tap Waur

25J.3

321.84

24.6

272.5

229.17

-!5.9

291.7

248.5

• K.I

282.5

262

-7.2

318.8

233.0

-26.9

334.0

165.7

D« ionized
W.ter

2S5J

288.0

11.5

272J

259.15

-J.9

291.7

198.65

-31.9

282.5

239

-15.2

318.8

166.4

-47.8

334.0

199.1

-40.4

rn

Compreisive nrenfth Kg/cm'
Lcctum
I
I

U

3

2
IU

1

a

(0

I

n

4

m

I

17

5
HI

I

U

6

m

I

n

7

m

I

n

nr

Sea Water

258.3

265.5

2.8

272.5

2S6.67

5.2

291.7

203 3

-30J

282.5

270.9

-4.1

318.8

452.1

•38.1

334.0

270.8

- 18.9

261.6

138.9

- 46.9

Tip Water

258.3

172.0

-33.4

272.5

322^4

1S.4

291.7

241.2

- 17.3

282.5

440.4

-55.9

3IS.S

452.1

41.J

334.0

165.7

-50.4

261.6

135.24

-48.3

Deionized
Waur

258J

226.0

- I2J

272J

I79J

34.2

291.7

344.8

- 18.2

282.5

25SJ

-8.5

318.8

318.8

6J

334.0

199.1

-40.4

261.6

280.9

7.4

sea water has bad effect on the solidified waste products. While immersion in tap water
for a period of three months have insignificant effect on the compressive strength of
waste forms containing CoCeSb or MixCeSb immersion. In tap water for one month
enhance only the compressive strength of waste form containing cerium(IV)
antimonate by 24.6% while immersion for 3 months enhance the compressive strength
of waste forms containing Na CeSb, Eu CeSb and Co CeSb to 55.9, 41.8 and 18.4%,
alternatively.
Finally immersion in deionized water for one month enhance also the compressive
strength of waste form containing cerium(IV) antimonate by 11.5%. While immersion
for three months enhance the compressive strength of waste forms containing CsCeSb,
Mix CeSb and EuCeSb by 18.2, 7.4 and 6.3%, respectively.
The % sorbed water of the final waste forms after immersion for one and three
months are shown in Table 4. This table shows that the relatively high percent of
sorbed water was found for solidified waste form containing Mix CeSb higher than the
other waste forms when immersed in the leaching solutions. The % sorbed water
follow the sequence.
deionized water> sea water> tap water
Thermal stability
The effect of heating cement package at 105°C for a period of one week on the
compressive strength of the specimens previously immersed in tap water and deionized
water for one month is shown in Table 7.
These results indicate that the compressive strength decrease for waste form
containing CeSb and

Eu CeSb, while it increases for the another waste forms

containing different type of compounds relative to the sample of plain cement, when
immersed in deionized water. The increase in compressive strength of the solidified
waste products are in the order;
SrCeSb> Mix CeSb> NaCeSb> CoCeSb> CsCeSb
This sequence can be related to the fact that cement waste forms are degraded by
removal of sorbed cations, capillary water and water of crystallization. In principle,
hydrated cement contains two different forms of water, free or unbound water which is
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Table (6) % Sorbed water of the solidified waste forms after immersion in different
leachants for one and three months
Leachant
type

%
Sorbed
Water

Leachant
Type

1

Leachant
Type

I III

%
Sorbed
water

%
Sorbed
water

2

3

I III

1 III

%
Sorbed
Water

%
Sorbed
Water

5

4

I III

%
Sorbed
Water

%
Sorbed
Water

7

6

IHI

I III

I

HI

Sea water

3.3 5.0

1.7 5.0

3.1 5.4

•1.9 2.0

1.5 3.4

1.7 6.9

3.6 10.3

Tap water

1.6 3.4

1.6

1.9

1.6 3.6

1.7

1.7 3.3

0.0

1.7

3.5 5.6

water

1.3 3.4

1.7

1.9

1.7 3.3

2.0 3.4

0.0

0.0 0.7

3.3 10.7

1.7

1.7

1- CeSb 2-CeSbCo 3-CeSbCs 4-CeSbNa 5-CeSbEu 6-CeSbSr 7-CeSb Mix
L % sorbed water after 1 month III. % sorbed water after 3 months.

Table (7) Effect of thermal heat at 105 °C for a week on the compressive
strength of waste forms previously immersed for one month.
Waste form

OPC
OPC-fCe/Sb
OPC + Ce/-SbCo
OPC + Ce/-SbCs
OPC + Ce/-SbNa
OPC + Ce/-SbEu
OPC + Ce/-SbCr
OPC + Ce/-SbMix

Tap water

Distilled water
I

II

III

I

II

III

191.6
288.0
259.1
198.7
239.6
166.4
199.1
173.4

305.6
232.5
295.5
296.4
398.5
227.9
304.9
406.6

59.5
-19.3
14.1
49.2
66.4
36.9
53.2
96.1

316.3
321.8
229.2
248.5
262.2
233.2
165.7
188.6

310.4
171.1
325.6
271.1
314.3
139.2
319.7
322.9

-1.9
-46.8
14.1

I. Compressive strength after immersion
II. Compressive strength after heating
III. % Change in compressive strength

9.1
19.9
40.3
92.9
71.2

Compressive strength of waste form
Compressive strength of OPC
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easily removed from the cement by heating to a temperature of 105°C <15). Whileas the
chemically bonded water is removed above 200°C.
Effect of Radiation
The effect of irradiation doses on the compressive sterngth of the waste forms are
given in Table (8).
The results indicate that, the compressive strength for all hardened cement samples
decreases with decreasing the irradiation doses (10 2 - 10 10 rad). Slight decrease in
compressive strength for all final waste forms was obtained at a dose of 10 2 rad. While
a higher dose

decreased the compressive strength, notably the decrease of the

mechanical properties may be attributed to the effect of y-radiation at high dose rates
on as a result of heating and water loss as well as the dimensional stability of the
solidified waste products <16).
Leachability
The leaching property is considered as a decisive factor in evaluating the final
solidification products. Therefore, rapid leaching test as well as long term leachability
were performed on the different samples studied.
The cumulative fractions of
of OPC mixed

134

Cs and 6 0 Co leached from the solidified waste forms

with ILLW solutions loaded with 3% by weight of cerium(IV)

antimonate (adsorbed on the surface) and in-situ with the isotopes at W/C= 0.35,
immersed in deionized water for 95 days as a function of total time are presented in
Fig. (2) as shown in this figure, waste products of Co and Cs precipitated chemically insitu with CeSb have a lower cumulative fraction, followed with the waste forms
adsorbed on CeSb and finally waste of plain OPC. The comulative fraction values for
the different waste products are given in Table 9.
It is clear that, the leachability of 134Cs precipitated in-situ with CeSb is lower than
that for 134°C adsorbed on the surface of CeSb in comparison with plain cement. This
may be attributed to the intrinsic solubility of cesium and low ionic selectivity of the
exchange material. The lower leachability of

60

Co than

134

Cs may be due to the

adsorption of cobalt on the surface of waste forms, since at high pH values of cement
pore water most of cobalt is present in the form of colloids and solid particles of
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Table (8) Effect of radiation dose on compressive strength of waste forms.
Compressive strength, Kgm/cm/ 1 Dose in rads

OPC

CeSb

CeSbCo

CeSbCs

CeSbEu

CeSbNa

CeSbSr

CeSb

Mix
Zero
10l
104
10«
101
1010

216
190
170
131
132
105

258
250
134
104
102
102

258
230
218
134
147
121

292
250
186
121
85
70

319
290
171
134
120
110

282
270
218

195
163
161

334
320
300

254
245
237

Table 9. Cumulative fraction of Cs-134 and Co-60 Leached of
solidified waste forms after immersion in deionized
water for 95 days.
Waste forms

Plain Cement
Adsorbed on CeSb
In-situ with CeSb

Cumulative, fraction, cm
Cs - 134

C o - 60

1.5xl0 2
LO8xlO"2
1.54xl0 3

2.4xl0 3
1.7xlO:3
1.6xlO'3
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265
250
240
230
220
182

various sizes (17>. Such solids are hydrolyzed to form insoluble compounds in the
cement mixture and in the exchanger material which are difficult to diffuse from the
matrix to the leachant solution.
CONCLUSIONS
1. Inorganic ion-exchange material can be immobilized using a cement matrix to give a
package with properties suitable for storage, transport and final disposal.
2. The immobilization process described has advantages of operation, simplicity and
the production of a minimum of immobilized waste.
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OXIDATIVE DEGRADATION OF SPENT ION-EXCHANGE
RESINS IN ACID MEDIUM

S. B. ESKANDER and N. K. GHATTAS
Radioisotope Department, Atomic Energy- Authority
Malaeb El-Gama Street, Dokki, Giza, 12311, Egypt

ABSTRACT

In the present study hydrogen peroxide was used for the oxidative degradation
of spent ion-exchange resin simulate in sulphuric acid medium. Heating the
organic resins in sulphuric acid results in its carbonization and in partial
oxidation of only 1.7% of the carbon added. The results obtained show that the
oxidation reaction is a relatively slow process of first order with K-value in the
order of 10"4 min."1 and the main oxidation product was carbon dioxide.

The production of carbon oxides in the off-gas stream increased very sharply
by the addition of hydrogen peroxide to the hot sulphuric acid-resin mixture. The
results obtained show that more than 97% of the added carbon was oxidized to
carbon dioxide and carbon monoxide. The rate constant value (K) of this reaction
was calculated and was found to be (1.69 ±0.13) x 10'2 min."1.

The results of gas chromatographic analysis indicate that no significant
amounts of hazardous organic materials were detected in the off-gas stream.

INTRODUCTION

Volume and weight reduction of spent ion-exchange resins received increasing
importance due to the increase in storage cost (l) and also to the unstable physical
and chemical nature of the organic bead resins(2) . A number of processes to
reduce the volume and weight of spent ion-exchange resins have been proposed
e.g. drying (3 \ compaction(4) , pyrolysis(5) and incineration(6).

To avoid the drawbacks of dry oxidation processes<7) , oxidative degradation
of spent ion-exchange resins in hot sulphuric acid medium and using nitric acid
as oxidant has been investigated on both laboratory and industrial scales in many
nuclear centers and in different countries'810).

In the present

work oxidative degradation of ion exchange resin in hot

sulphuric acid medium using hydrogen peroxide as oxidant was carried out on
large scale to study the kinetics and mechanism of this process.

EXPERIMENTAL WORK

Two forms of ion-exchange resins supplied by Bayer (Germany), were
subjected to oxidative degradation in acid medium. The bead cationic one is an
acidic resin in H-form and has sulphonic acid as functional group. The molecular
formula for the basic unit is assumed to be C8 H7 SOj H. The anion resin has a
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quaternary ammonium as functional group and its basic unit has the formula
C|2 H]9 ON. The elemental analysis and water content, in weight %, of both
anion and cation resin were represented in Table 1. The beads resins were ground
using a ball mill grinder and the resulted powder was sieved. The fraction of
grain size 0.125-0.250 mm was used for all oxidation experiments otherwise
indicated.

Table 1 : Water Content and Elemental analysis of ion-exchange resins
resin type

water content, wt%

C%

H%

N%

Anion

56.63

74.6

8.6

4.1

Cation

45.25

51.8

5.2

0.8

A ring digester has been developed in Nuclear Research Centre Karlsruhe in
Germany and used in this study for oxidative degradation of ion-exchange resins.
The digester consists of glass tube which is curved to form closed loop and a
schematic drawing of the apparatus is shown in Fig. 1.

The ring reactor was loaded with five litres concentrated sulphuric acid and
heated to the required temperature. Calculated weight (150 g) of powder ionexchange resin mixture ( 1 : 1 cation to anion by weight) was mixed with 500 ml
cold concentrated sulphuric acid and the resulting slurry was pumped into the
ring digester below the hot sulphuric acid (5 1) followed by hydrogen peroxide
(35%) addition with adjusted rate (I 1/hr.) beneath the acid surface. The acid
circulation

in the ring digester was achieved by the air-lift effect of gases

generated during the decomposition of hydrogen peroxide and the oxidation of
ion-exchange resins. The oxidation process of ion-exchange resins takes place in
the whole digester but most intensive in the hearing zone.
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The oxidation process of ion-exchange resin was followed by determining the
percentage of both carbon-dioxide and carbon monoxide in the off-gas stream
using two BENOS-Infrared Gas Analyser supplied by Leybold-Heraeus Co.. The
gas flow during the oxidative degradation process was measured by a Flow Meter
U-70 SET ARAM. The off-gas temperature was kept at 30°C using extra heaters,
to optimize the process of measurements. The number of moles of carbon dioxide
and carbon monoxide were calculated from the corresponding gas flow rate and
the measured percentage of each.

RESULTS AND DISCUSSION

The oxidative degradation
dehydration action

process studied is a method that utilizes the

of concentrated sulphuric acid to carbonize solid ion-

exchange resins and to oxidize the resulting carbon by hydrogen peroxide. The
proposed technique aims at achieving reasonably weight and volume reduction,
transforming the organic resin materials to an inorganic form suitable for their
subsequent immobilization and disposal processes and, at the same time,
preserving the environmental resources by avoiding the well known drawbacks of
the dry oxidation processes.

The study of kinetics and mechanisms of oxidation reaction aims at defining
the oxidative degradation process of ion-exchange resins in acid medium. If the
organic portion of ion-exchange resin is presented by Cm Hn , its reaction in
concentrated sulphuric acid could be described according to equation (1).
Cm Hn (I) + n/2 H2 SO4 o) -> n H2O(g) + n/2 SO2(g) + m C(s)

(1)

Continuous heating of the sulphuric acid-resin mixture at 240°C before the
addition of hydrogen peroxide aims at studying its role on the oxidation of the
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carbonized ion-exchange resins. Quantitative analysis of off-gas stream results
from this reaction show that the main oxidation product at 240°C was carbon
dioxide. The results, represented in Table 2 and illustrated in Fig. 2, show that
carbon dioxide represents about 94% of the total oxidation products.
C($) + 2H 2 SO4(i) -> 2 H2 Oo + 2 SO2(8) + CO2(g)

(2)

The rate constant (K) of the reaction in equation (2) was calculated by plotting
Q ~ X

the logarithmic values of the unreacted carbon fraction [- log ——] versus the
a

reaction time in minute where :
[x] = number of moles of oxidation products evolved in the off-gas stream ,
[a] = the total numbers of moles of carbon contained in the ion-exchange resin
added,
[a-x] = the unreacted carbon in mole.
The linear relation obtained and shown in Fig. 3, indicates that the reaction is
first order reaction and the K-value was (1.25 ± 0.1) x 10'4 min."1 , which was in
good agreement with figures previously given in the literarures( ] ) . From the data
obtained in Table 2, it was observed that a relatively small fraction of the added
carbon was oxidized

by concentrated sulphuric acid. The total amount of

oxidation products evolved in the ofT-gas stream due to the chemical reaction
calculated in moles of carbon represent only 1.7% of the total carbon contained
in the ion-exchange resin added. (94% of this oxidation products as carbon
dioxide and 6% as carbon monoxide).

To improve the rate of oxidation reaction a powerful oxidizing agent as
hydrogen peroxide was used. The production of carbon dioxide and carbon
monoxide in the off-gas streams was increased sharply by the addition of
hydrogen peroxide to the reaction mixture (sulphuric acid and ion-exchange
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TABLE 2

: OXIDATIVE DEGRADATION OF ION-EXCHANGE RESIN IN
ACID MEDIUM C SEMI" PILOT EXPERIMENTS ) .
Oxidation

effect

of

sulphuric

acid

on the

v a r i a t i o n of off-gas composition as a function

of

reaction tine .
reaction

COz

CO

COa

time
Cmln. 3

y.

y.

10

3. o

O. 8

3.8

15

e. o

1.0

7. 0

20

4.. 5

1.1

5.6

30

4.O

O. 6

4. 6

40

4.0

0.2

4.2

50

3.0

0.2

3.2

eo

3.0

0.2

3.2

70

2.5

0.2

2.7

80

2.5

0.1

2. O

90

a. o

0.1

2.1

2.0

0.1

2.1

110

2.0

0. 1

2.1

120

2.0

0.1

2.1

130

1.5

O.I

1.6

140

1.5

0.1

1.6

100

+ CO

oxidation products. . _ .
moles

o. ooi

O. 120

O. 134

(6)
"

.

y.

o. it

(7)
Percent fraction. J*

(1)150 g powder resin (1:1 cation to anion by weight) contain
7.925 mole carbon.
(2)Reaction temperature :240 oC. (3) No use of H2 0 2 •
(4)The percent of oxidation gas in the off-gas sample.
(5)The cumulative concentration in moles of the oxidation gas
evolved .
(6)The percent of oxidation gas in moles from the total carbon
added.
(7)The percent fraction of carbon dioxide or carbon monoxide
from the total oxidation gas evolved .
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resins). More than 97% of the total carbon added was oxidized to carbon dioxide
representing about 74% of the oxidation products, and carbon monoxide
representing about 26% of the oxidation products. Table 2. The evolution of both
carbon dioxide and carbon monoxide due to oxidation of ion-exchange resin
followed equations (3) & (4) respectively
C(s) + H 2 O 2 0 ) -> CO(g) + H2 O (g)
C(S) + 2H 2 O 2(1) -»CO 2 ( g ) + 2H 2 O ( g )

(3)
(4)

The average overall rate constant (K) of oxidation reactions was calculated
from the first order reaction equation and was found to be (1.69 ± 0.13) x 10"2
min"1 at 240°C. It could be observed that the oxidative degradation of ionexchange resins took

place via two different reaction mechanisms namely

oxidation by sulphuric acid and by hydrogen peroxide. However the sulphuric
acid oxidation was relatively slow compared with that of hydrogen peroxide
where the rate constants were of the order 10"4 and 10"2 min."1 respectively. The
fact that the rate constant of hydrogen peroxide was 100 folds more than that of
sulphuric acid may be explained by the difference in oxidation potential
(sulphuric acid 0.17 volts and hydrogen peroxide 1.77 volts). The data obtained
in Fig. 4 show that the overall rate constant (K) increased by raising the reaction
temperature (150°C-260°C). This trend was in good agreement with those
previously mentioned in the literatures01}.

To determine the influence of reaction temperature on the reaction velocity,
the energy of activation (E*) of the oxidative degradation of ion-exchange resin
in acid medium using hydrogen peroxide as oxidant was calculated on basis of
Arrhenius equation(12) . The value E* between 240°C-260°C was found to be
1.7136 Kcal/min..
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It was clear from Fig. 5 that the maximum evolution of carbon dioxide was
reached in a shorter time compared with that of carbon monoxide for the different
temperature studied Fig.6.

Gas chromatographic analysis of ofT-gas samples was performed to prove the
absence of significant amounts of hazardous organic materials expected from the
oxidation reaction of ion-exchange resins. Samples collected from the off-gas
stream at the reactor outlet every 15 minutes during the oxidation process (at
240°C) show that a very low percentage of methane , not higher than 0.003%,
ethane and ethylene have less than 0.001% while propane could not be detected.
Table 3.

In conclusion , it could be stated that, the process is a promising technique as
far as the pollution of the environment is concerned.
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TABLE

3

: OX1DATIVE

DEGRADATION

OF ION-EXCHANOE

RESIN IN

ACID MEDIUM- (SEMI~PILOT EXPERIMENTS).
Effect of sulphuric acid : hydrogen peroxide mixture on the
variation

of

off-gas

composition

as

a function

of

reaction

time.
devolopment of CO

t l me

ic

development of CO

min.

* 14)

mole

V.

CO + CO 5
mole

y»

mole

1O

2 . OS

O. 1 0

1.43

O. 11

9.91

2O

8 . 72

O. 0 7

2 . P2

O.29

11.04

SO

I d . O2

1.29

4.87

O.94

2O.9P

4O

2S. 7<5

1 . 14

3 . P3

O. 4 0

2P. 0P

SO

34.91

2 . CO

8. Ol

O. 03

42.32

0O

4 4 . P9

J . 47

1O. 4 P

O. 81

3 3 . 47

7O

33.27

4.20

1 9 . OP

l.Ol

da. 3 0

O.17
O. PO
1.37
2 . SO
9.27
4 . 2P
3.27

8O

G3.. 82

4 . 84

1 3 . 43

1.I P

7 8 . 23

PO

0 0 . Ofl

9.19

10.87

1 . SO

8 2 . PS

iOO

OB. 08

9.I P

1 7 . <S3

1.30

8 0 . 93

HO

0p. 89

3 . 88

I B . 8O

1 . 41

8 8 . 13

12O

7O. 7 0

3.43

1 9 . C9

19O

7 1 .41

3 . SO

I P . O«

1 . 47

PO. 4P

0 . P7

14O

7 1 . P4

3 .34

I P . 47

l.SO

P i .4 1

7 . O4

ISO

72.40

3 .38

I P . 79

1.32

P 2 . 3P

7. 1O

lOO

7 2 . PS

3 . OS,

2 O . 12

1.33

P3.1O

7.17

17O

7 3 . SO

23.23

1 . 7P

P 0 . 73

7.43

1BO

7 3 .7 0

3.00
3 . OS

(5J
oxidation products.M
(6)

3 . OS

,v. 7 1 .
Percent fraction

,M

2 0 . 24

1.44

2 . O2

2 . O2

07

2 3 . 4P

79. 77

2 0 . 23

BP- 4 3

1OO. OO

0 . O9
0.49
0. 03
0 . 7P
0. «P

7. 7O

7 . 7O
P7. 10

(1)150 g powder resin (1:1 cation to anion by weight) contain
7.925 mole carbon.
(2)Reaction temperature :240 oC.
(3) Rate of H2 O2 addition : 1 1/h.
(4)The percent of oxidation gas in the off-gas sample.
(5)The cumulative concentration in moles of the oxidation gas
evolved .
(6)The percent of oxidation gas in moles from the total carbon
added.
(7)The percent fraction of carbon dioxide or carbon monoxide
from the total oxidation gas evolved .
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TABLE d

:

OXIDATIVE DEGRADATION OF ION-EXCHANGE RESIN
IN ACID HEDIUM . (SEMI-PILOT EXPERIMENTS)
The v a r i a t i o n of o r g a n i c compounds c o m p o s i t i o n

in the off-gas as a function of reaction time.
Tim©

Ethane
y.

Methane

a

CminD

—

Ethylene
y.

—

Propane
y.

not detected

IS

< 0.001

30

0.003

< 0.001

< 0.001

.,

45

0.003

< 0.001

< 0.001

..

60

0.003

<0. OO1

< 0.001

..

75

0.003

< 0.001

< 0.001

i«

90

0.003

<0. OO1

<O. 001

..

105

o. ooa

—

<0. 001

..

120

0. OO3

< 0.001

<O. OO1

..

C1D 150 g. powdered r e s i n C 1 : 1 c a i l a n t o anion by weight
c o n t a i n 0 5 . 1 g carbon.
o
C2!> Reaction temperature : 24O C.
C35 Rate of H O a d d i t i o n : 1 1 / hr.
2

2
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SORPTION/DESORPTION STUDIES OF SOME
RADIONUCLIDES BETWEEN DISPOSAL SOIL FRACTIONS
AND GROUND WATER

SOHAIR A.EL-REEFY and AHMED ALI
Hot Laboratories Centre, Atomic Energy Authority, 13759 Egypt

ABSTRACT
In this paper, the sorption/desorption studies of the radionuclides Cs-134, Co-60
and Am-241 between geological formation andground water of a proposed shallow
land disposal site at Inshas was investigated. A column was constructed containing
different sediment and rock samples representing the stratigraphic successions taken
from exploration digging well in the proposed site. The sorption of the investigated
radionuclides through this column showed the sequence Am3+ > Cs+ >Co 2+ , whereby
desorption experiments showed the sequence Cs + > Co 2+ >Am3+. The experimental
results indicated that Cs + is mainly sorbed by ion exchange process , Co 2+ is sorbed by
formation of relatively less soluble compound and Am 3+ is sorbed by ion exchange
and/or complex formation with the anions present in the system.

INTRODUCTION
A large mumber of data was reported for the distribution coefficient (K^) values for
radionuclides sorption on rocks, soils and other materials (1,2). So far, data are far
from being sufficient for site-specific assessments. Disposal site selection is one of the
most delicate issues in radioactive waste management. One of the criteria required for
safety assessement of certain site is to understand the migration of different
radionuclides with the different composition of the soil within this site. Many
investigations were reported to understand the migration behaviour of different
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radionuclides with specific geological formation. Both batch and column techniques
were reported for such investigations. Diffusion of Cs, Ni and Sm from distilled water
in granodiorite, basalt and mudstone was studied (3). The diffusion coefficient
sequence was granodiorite> mudstone> basalt, for all the elements used. Data on the
migration behaviour of both Co-60 and Cs-137 in the geosphere were evaluated by
Delakowitz et al. (4). Batch experiments using radiotracer techniques for the
determination of site-specific sorption coefficients showed significant retardation for
both Co and Cs after only 2 h of contact time between ground water and sediment.
Co-60 was more completely sorbed than Cs-137.
The radioactive waste management programme in Egypt includes a shallow land
disposal area for waste package disposal. The proposed site is located to the east of
the Hot Laboratories and Waste Management Centre at Inshas. The surface of the
studied area is covered by a thin layer of the Nile sediments which mainly composed of
sands, clays and gravel.
In a previous work (5), batch technique was used to investigate the sorption
behaviour of some radionuclides spiked in the ground water by the different soil
fractions of the proposed shallow land disposal area.

In this work, a column was

constructed containing the soil fractions representing the stratigraphic successions
taken from this site. The efficiency of the different soil fractions in this area as barriers
against the release of some radioactive nuclides to the environment was investigated.
The sorption/desorption studies of the radionuclides

l34

Cs, 6 0 Co and 2 4 1 Am with the

different soil fractions and ground water from the proposed site were carried out. This
is to understand the pathways of the interaction of the radionuclides with the site
environment in case of nuclear accident and seepage of the radionuclides to the
surrounding media or incase of leakage of the radionuclides from the disposed waste
facilities.

EXPERIMENTAL
Seven soil fractions were taken from the proposed disposal site by digging a well at
different depths till 27 meters. The lithologies of these soil fractions were found to
range from sandy clay, gravely sand, silt, interclation between clay and gravely sand,
course sand and basalt.
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To simulate the behaviour of the radionuclides in the environment of the disposal
area in case of their possible leakage from the disposal waste facilities, a column
technique was used. The column was of diameter 2,4 cm and length of 20 cm. All soil
fractions were placed in the column in sequential array similar to their stratigraphic
succession in the site under study. The thickness of each sample was in proportional to
the thickness of the natural bed.
Radionuclides and method of radioassay.
The radionuclides used were 134 Cs, ^ C o and 24 lAm. They were obtained from
Amersham, Radiochemical Centre, England. A well type Nal (Tl) scintillation counter
connected to a multichannel analyzer of the type Nucleus model 800 A, USA was used
for radioassay.
Sorption studies
One litre of the ground water of pH ~7 was passed though the loaded column for
conditioning the column bed with a rate of 1 ml/ 5 min. A stock solution of the ground
water, spiked with the three radionuclides was passed through the column with the
same rate. A sample of one ml was taken from each 20 ml of the effluent collected to
be radiometricaUy analyzed by y-spectrometry. The activity of each radionuclide was
represented by the sum of the counts found in the specific channels of each element
corresponding to respective radionuclides.
Desorption studies
After loading the column with the radioactivity, the ground water was passed
through it with a flow rate of 1 ml/ 5 min. using a pump of the type Prominent
Electronic CFG, B/O/3 V. The effluent was collected in 20 ml volume fractions. One ml
from each fraction was repeatedly counted and an average value was calculated.

RESULTS AND DISCUSSION
Chemical analysis of the gound water collected from the Inshas site showed that it
contains the following major ions: Cl" (3602 ppm), SO4" (1433 ppm), HCO3" (156
ppm), Na + (2075 ppm), Ca++(605 ppm), Mg 2+ ( 137 ppm) and K+( 14 ppm) together
with minor ions of Fe3"1" and Mn 2+ .
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Identification of the seven soil samples taken from the proposed site is given in
Table 1.
Table 1. Identification of the soil samples
Sample
no.

Thickness
(m)

Description

Major Mineralogical
analysis (by x-ray diffraction)

1
2
3
4

0.3

Sandy clay

1.62
2.00
1.32

5

5.85

Gravely sand
Silt
Interclation bet.
clay and gravely
sand
Int. bet. clay and

6

4.85

7

1.00

gravely sand
Course sand
Basalt

Kaolinite
Calcite
Kaolinite
Kaolinite

Calcite, Kaolinite
Calcite, Quartz
Anorthite

Sorption Studies
The ground water spiked with the radionuclides under investigation was passed
through the conditioning column. Fig. 1 represents the relation between the volume of
the spiked ground water passed through the column and the activity of each
radionuclide found in the effluent. It is clear from this figure that, at the beginning, the
activity of each element increased slightly by increasing the volume of the ground
water. After passing 30 ml, the activity increases with increasing the water volume till
100 ml after that it reached a plateau. This behaviour is obvious for all the three
radionuclides. The activity of Co 2+ found in the effluent was higher than that of Cs +
and Am3+. This means that Co was less retained on the column compared with Cs and
Am.
Desorption Studies
After loading the column with one liter of the spiked ground water, the loaded
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Fig.1. Amount of Cs-134, Co-60 and Am-241 in the effluent after
loading the column.

column was washed out with different volumes of ground water. The amount of the
desorbed radionuclides was measured in terms of different ground water volume
fractions and represented in Fig.2. From this figure it is clear that the desorption of Cs +
increases linearly by increasing the volume fractions, while that of Am 3+ increases
slightly

at the beginning followed by sharp linear increase. In case of Co 2 + , its

desorption is more or less constant.
In general, the desorption of different elements from soil matrix is a result of; isolubility of the cation forming soluble compounds, ii- cation exchange between the
major cationic species in the eluent and the sorbed elements and iii- desorption by
complex formation between the sorbed cations and the anions in solution. Therefore,
the desorption figure obtained could be a result of one, two or/and all of these interactions. If solubility is the main parameter affecting the desorption process, one should
expect that the amount desorbed remains constant with increasing the ground water
volume fraction. This was found in the case of Co 2+ desorption as indicated by Fig.2.
Thus it can be assumed that the sorption of Co 2 + is mainly related to the formation of
slightly soluble compound within the soil matrix.
The increase in the desorption observed in case of Cs + and Am34" can be related
either to ion-exchange with the increased amount of the cations present in the ground
water with increasing effluent volume and/or complex formation between the sorbed
cations and the anions present in solution. Since Cs + is an alkali metal of a negligable
tendency to be complexed by Cl", SO4" or HCO3" anions present in the ground
water, it is more convenient to assume that desorption of Cs + is mainly related to ion
exchange with the different monovalent cations present in the ground water used. In
case of Am 3 + with its tendency to be complexed with Cl" and SO4" present in the
ground water, it can be suggested that the desorption behaviour is mainly related to
such interaction. However, ion-exchange and solubility of sorbed Am 3 + cannot be
totaly excluded and can play a minor role in such a case.
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CONCLUSIONS
From the aforementioned results and discussions, the following are concluded; .
1- Sorption of Am 3+ is high on the column loaded with the samples representing the
stratigraphic succession of the Inshas disposal site. Sorption of Cs+ is less than that of
Am 3+ whereby, Co 2 + is slightly sorbed.
2- Desorption of the radionuclides studied indicated that the sequence of washing is
Cs+> Co 2+ > Am3+
3- Cs + is mainly sorbed by ion exchange process, Co 2+ is sorbed by formation of
relatively less soluble compound and Am3+ is sorbed by ion exchange and/or formation
of complexes with the main anions present in the ground water (Cl~, SO4",.)
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DISPOSAL GEOLOGICAL
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ABSTRACT
The general potential of some selected layers such as the Miocene sediments and the
Oligocene basalts is evaluated for the disposal of low level waste,(LLW).In this work, it
is aimed to quantify the effect of some key parameters that are thought to influence the
migration of radionuclides in these layers.Homogeneity-isotropy and engineering
properties of selected potential layers at Inshas were examined.Landform stability and
collapsable soil were studied.Basaltic lava flows of Oligocene age were thoroughly
investigated using petrographic and petrologic techniques and its suitability as a potential
host rock for a waste repository is evaluated.

INTRODUCTION
A review of hazardous waste

disposal facilities which failed to adequately contain

contaminants,suggests that most if not all, failures of geologic containment are the result
of either :l)the failure to consider geologic criteria during the siting process or 2)the
poor identification and characterization of geologic materials.

1-Objective:
The present study is intended to :l)identify the important criteria for a low level waste
disposal(LLW) site proposed to be constructed at Inshas area 2)stress the importance of
geologic and hydrologic criteria 3)suggest geologic and hydrogeologic guidelines and
restrictions for siting of a LLW disposal.

2-Experimental:
Petrographic description of basaltic core samples was carried out using a polarized
microscope provided with a camera.The mineral composition of the clay fraction of
Miocene sediments was carried out by X-Ray Diffraction(XRD) with the following
specifications
scan mode xont.I
step width :0.124989 deg/step
scan speed : 4 deg/min.
scan range : 10-20
The porosity of basalt core samples was measured using the Helium porosimeter
(Model No.3020-062).Shale samples were identified according to PicardO) while its
particle size analysis was carried out according to the procedure described by Carverv^)
.Table 1 presents the different types of tests conducted in the present work with their
locations.
Table 1 Summary of performed tests and locations
TYPE OF TEST
LOCATION/ACCESS
Petroleum Research Institute,Nasr City
Petrography/petrology of
Miocene
sediments
Engineering properties of clay
Soil Mech.Lab,Faculty of Eng.Cairo
Univ.
XRD for clay fraction
Radiation Tech.Center,AEA
Petroleum Research Instit ,Nasr City
Porosity,Helium porosimeter
Mechanical Analysis
NCNSRC,AEA,Nasr City

3U1

3-Physiography and Location:
Inshas area is located at about 50 km north-east of Cairo city.The area studied is fixed
by longitudes 31° 24' and latitude 30° 17'.The site is bounded from the west by the
Ismailia canal(Fig.l).The site of the two research reactors is located downstream of the
drainage system whose upper reaches lie to the east of Inshas.The mean land elevation
varies from 110m above mean sea level (amsl) for the upper reaches to about 48m amsl
for the down stream area.The 10CFR fedral regulation^) requires that the upstream
drainage area should be minimized to decrease the amount of runoff which could erode
or inundate the waste disposal units. However, Inshas site is located in the downstream
area of Inshas drainage system where eolian and fluviatile processes are at minimum.

4-Site Stratigraphy:
The stratigraphic sequence encountered in the studied site is as follows :
Quaternary
Tertiary
Miocene

: Alluvial sands and gravel
:Pliocene;Non marine conglomerate.
Hagul Formation(Gritty sand stone)

Hommath Formation(Fossiliferous s.s.)
Oligocene
:Basalts and Gebel Ahmer Fm.
Eoene(upper) :Anqabia Formation(sand stone with clay)
In the present work,Miocene and Oligocene layers are the only considered as host
rocks for the low level waste disposal.

5-Homogeneity-Isotropy of Inshas Units
A homogenous geologic unit is one whose sedimentologic character (e.g. grain size)
and hydrologic properties (eg, permeability) maintain relatively constant mean values
throughout all the units. An inspection of the lithologic

logs for the Miocene

sediments(Figs2to 4) and Oligocene basalts (Plate 1) shows non homogeneous conditions
where grain size varies widely(Fig.5) in addition to the variation in lateral and vertical
hydrodynamic properties.This inhomogeneity and anisotropy will control, in part,the
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(L.L.725. P.L*29V

W/C-345)

!

{frs*

j
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velow.

Fig. 4 Lithologic logs for selected test holes.
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variance in direction and rate of radionuclides migration.lt will also make site modelling
and site analysis difficult if not possible.

6-Landform Stability
Landform stability has been defined as the sensitivity of a landform to change by
Alvarado(4).At Inshas site the landscape could be regarded as sensitive,and mass
movement is possible due to the following factors:
a)Miocene Swelling Clay
This layer is composed of hard, laminated clay that encloses fine sand lenses with iron
oxides.The clay is highly plastic and has swelling characteristics upon wetting(Figs 6 and
7). The clay layer is recorded at different depths ranging between 1.5 and 19.5m in a
thickness that varies between 0.6 and 7.0m.The mineral composition of clay is found to
be of kaolinite type.
b)Miocene Collapsible Sands
This layer is composed of partially lithified sand formed of fine to medium sized
quartz grain and contains a little amount of silt as matrix. It also contains pockets of hard
clay which causes the sand to collapse upon settling.
c)Oligocene Basalts
Oligocene basalts are represented by three lava flows with sharp contact between each
flow.Each flow is composed of massive basalt at the base which becomes vesicular or
amygdaloidal at the top.The top layer is highly weathered and is overlain by gluconitic
clay.Petrographic studies of the basaltic core samples (Plate 1,A to F) show that the
amygdaloidal structures have developed good porosity in addition to the presence of
empty rounded vugs.The above -mentioned features result in porosity that ranges
between 1 and 10.9%.This situation would enhance the migration of radionuclides from
the basalt. As a consequence, this type of basalt may proove to be unsuitable as host rock
for a repository.Similar conclusions has been reached by other authors (5).However, at
greater depth(150m), massive, unaltered variety of basalt do exist and can be considered
as a safe host rock.
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PLATE(»)
A:Well

developed

prismatic p l a g i o c l a s e laths in a g r o u n d m a s s of o p a q u e s
(Core N o . l , depth 116m)
B : A m y g d a l o i d s t r u c t u r e c o m p l e t e l y ( A ) or p a r t i a l l y ( B ) filled with resin
(Core No.2 ,depth 154m)
C : A m y g d a l o i d s t r u c t u r e c o m p l e t e l y filled with blue resin and partially
filled with C a l c i t e ( C o r e N o . 2 , d e p t h 1 5 4 m )
DrElongated

cavity filled with resin
(Core N o . 3 , d e p t h 1 5 9 m )

E t M i c r o f r a c t u r e filled with
(Core No.3 depth
FrCavity

resin and
159m)

filled with resin i n d i c a t i n g
(Core No.3 depth 1 5 9 m )

indicating

cavity

well

1 h. O

a porous

filled

developed

with

basalt

Calcite

porosity

7-Potential Liquefaction
Liquefaction is the complete loss

of shearing strength in fine grained loose,

cohesionless, low permeability sediments in addition to the presence of water saturated
sands at a depth less than 25 m from ground surface.Potential liquefaction is likely to
occur in the Miocene sediments where grain size ranges between 0.07mm and 1.2mm,if
groundwater reaches the upper zone of soil and subsoil-layers(25m).The actual problem
would come from meteoric and/or groundwater which would cause the water level at
Inshas to rise.

8-Engineering Properties
Engineering properties refer to the geotechnical characteristics of geologic materials
that may affect the design, constructions and performance of a LLW containment
system. Clay is one of the most important and potential layers for LLW disposal in many
places all over the world due to its high retension capacity.high retardation potential and
high thermal load.However, Inshas clay has a limited thickness and undesired engineering
properties do not favour it as a host rock (Table 2 ).

Table 2. Engineering properties of Miocene clay
Type of Test
Range of Values(%)
63-94
liqued limit
30-37
plastic limit
18-35
water content
95-150
free swelling
12
shear limit

9-Groundwater Flow System
A groundwater

flow

system at Inshas(Fig.8 ) results from the occurence and

movement of groundwater through geologic material.Two main aquifers were identified
viz ; the Quaternary and the Miocene aquifers by Al-Gamal et al.(^).The Quaternary
aquifer is of a water table condition in which the static water level is recorded at 10m
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from ground surface .It is encountered only at the western of Inshas and receives its
water from Ismailia Canal i.e. flow direction is from Ismailia Canal to the site.The
Miocene aquifer is encountered only in the eastern of Inshas with the static water level at
38m from ground surface.The Miocene aquifer is of a confined to semi-confined with
piezometric head that amounts to three atmospheric pressure Accordingly, flow
direction is from the aquifer to Ismailia Canal.As a consequence to the migration of
radionuclides will take place from the site to Ismailia Canal via the hydrosphere of
Miocene age.

Miocene Aquifer

Fig.8 Schematic presentation of ground water flow system at Inshas site

RESULTS AND DISCUSSION
The host rocks in Inshas site do not ensure proper isolation for LLW Packages,since
from a geological point of view, their behaviour will prevent achieving the desired
performance objectives of the containment system during the periods of waste
isolation.The present authors do not recommend its selection as a disposal site for the
following reasons:
1- The limited thickness of the Miocene clay, in addition to its shrink and swell
capacity do not favour selecting Inshas clay as a host rock.
2- The inhomogenous and anisotropic Miocene host rocks would render modelling
very difficult if not possible .
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3- Practical difficulties arise for preventing surface and ground water from coming in
contact with the Miocene sediments which would consequently increase the
possibility of potential liquefaction .
4- The landform is unstable due to the presence of collapsable sand and swelling clay
which would lead to mass movement.
5- The porosity observed in the Oligocene basalt renders it unsuitable for waste
isolation,however, a better version of Oligocene basalt do exist at a deeper depth

6- Ground water rise is expected due to expanding activities such as farming...etc.

Further studies should be carried out for the selection of suitable isolation structures.
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ABSTRACT

This

paper

implementation
and
a

presents
of

the

major

factors

which

may

affect

the

the National System of Nuclear Material Accounting

Safeguards in Egypt. Developments of this National System - being
division

of

the

Nuclear

Regulatory

Body

in

the country - are

discussed.

Also, recent requirements of the International Atomic Energy Agency
within

the policy of strengthening its regime of international nuclear

control
indicated

are

discussed. The challenges facing the National System are

taking

in

consideration

the

anticipated

nuclear field in Egypt by the year 2000 and after.
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growth

in the

INTRODUCTION
Since the discovery of nuclear fission in the thirties of this Century,
the

nuclear energy has been developing rapidly - specially - in the field

of

nuclear material (NM). The strategy of " Atoms For peace " , and

then

the

" Treaty on the Non - Proliferation of Nuclear Weapons " (NPT) is that

generous

transfer of nuclear technology for peaceful uses is combined with

binding

commitments

international
Atomic
birth

non-proliferation.

From

this

strategy

of

control of the spread of nuclear weapons , the International

Energy
as

to

Agency (IAEA) and its Nuclear Safeguards System (SG) found

an

International

Body

of

Nuclear

Control within the United

Nations Organization (UNO)(1'2'3'4).

The nuclear material is universally defined as any "Source Material" or
"Special Fissionable Material-(3'5).
Source

Material

:

uranium

depleted in the isotope 235; alloy, chemical

compound,

or concentrate; any other material containing one or more of the

foregoing

in such concentration. Under IAEA Safeguards - according to the

Document

INFCIRC/153(6>,

applying

to

ore

,or

the term "Source Material" is interpreted as NOT

ore

residue

-

in particular - to Yellow Cake (a

concentrate consisting essentially of U3O8).
Special

Fissionable

enriched
of

the

in

Material:

plutonium

-

239; uranium - 233; uranium

the isotopes 235 or 233; any material containing one or more

foregoing.

But

the term "Special Fissionable Material" does not

3 5

include Source Material' ' '.

The

Treaty

endorsed

in

undertakes
Special
within
carried
Also,

on

the

Accounting

By

signing

accept

Fissionable

the

Non-Proliferation

1968.
to

out

the

under
State
For

its
agrees

And

comprehensive

Material

territory

and

of

in

such

of

Nuclear

ratifying
IAEA

all

Safeguards

peaceful

State,

the

under

Weapons
NPT,
on

nuclear

its

a

was
State

Source

or

activities

jurisdiction,

or
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control anywhere' .
to

Control

establish
of

NM

Agreements concluded with the IAEA12'7'.

and maintain a State's System of

(SSAC)

according to the Safeguards

NUCLEAR MATERIAL REGULATORY SYSTEMS
General:
Even
were

before

the

IAEA Safeguards System was established, States which

advanced in nuclear energy development had to control the production

and

use

of

establishing

nuclear

appropriate

accountability

and

the

material

in

regulatory

their
systems

respective
which

territories

by

called for both the

physical protection of nuclear material in a way

similar to treating other types of valuable and/or dangerous materials.

Furthermore, safety measures to guard against radiation and criticality
hazards,

when

dealing

measures

taken

industrial

chemicals

ensure

the

safe

with

against

nuclear

hazards

. The

operations

material

associated

were

with

also required as

handling

dangerous

usual industrial requirement of measures to
have

been applied even more stringently to

nuclear plant operations .

Therefore,
responsible

the

national

regulatory

systems,

as a rule, require the

management of nuclear facilities (operators) to comply with a

set of regulations which include the following elements'8' :
a ) Nuclear material accountability
b ) Physical protection against theft or misuse
c ) Plant operational safety
d ) Protection against hazards to health of workers and

general public

e ) Environmental protection

SSAC of Egypt:
Nuclear Safeguards Agreements between Egypt and Foreign and/or the IAEA
have
For

been

concluded

pursuant to the NPT. A State's System of Accounting

And Control of NM, in Egypt has been established under the name of the

"National System of Nuclear Material Accounting and Safeguards"( 9 ' 1 0 ' n ) .

The
order

National
to

cope

System was designed to be implemented in three stages in
with

the anticipated growth of activities in the nuclear
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field

in

Egypt

.

As a matter of fact, the first stage has already been

implemented18'9'11'.
actually

This

deals

with

the

existing

nuclear

facilities

in operation. Two nuclear regions are declared at "Inshas" zone;

namely

the First Egyptian Research Reactor (ET-RR-l) [denoted as Material

Balance

Area

(LOF)[denoted

(MBA)
as

: ET-A] and the Locations Outside Nuclear Facilities

MBA : ET-ZJ. An example of NM control scheme for a Low-

Enrichment fuel fabrication plant is shown in Fig. 1.

The SSAC of Egypt has two main objectives110':
1. A national objective, to account for and control of AJJL of the NM in
the processes of the Nuclear Fuel Cycle (Fig.2)in the Egyptian
territories including the types and grades of NM not covered by
Safeguards Agreements, e.g. the "Yellow Cake"'6'7'. The system has
responsibility to contribute in the detection of any possible losses or
unauthorized removal of NM, or misuse of nuclear facilities and / or
NM. Also, the system has responsibility to review the physical
protection systems of NM and nuclear facilities in the country'12'13'.
2. An international objective, to provide the essential basis for the
application of foreign and / or IAEA Safeguards, according to
agreements concluded with those bodies.

DEVELOPMENTS OF THE NATIONAL SYSTEM
Legal Enforcement of SSAC:
The
of

Egyptian SSAC obtained enforcement for implementation on the basis

the existing National Law No. 59, of the year 1960 for regulating work
ionizing radiation111'. Consequently, in the first stage of the system

with

implementation,

the

Chairman

of

the "Atomic Energy Authority" (AEA) of

Egypt

is considered as the Head of the Egyptian SSAC.

amend

the law, or even issue a modified law in case the development in the

system

would

activities
nuclear
of

be

a

must

anticipated

facilities

particularly

with

the

It may be needed to

growth of the nuclear

in the long-term plan of the country; where other

might be established outside the present organization

the AEA, e.g. the Nuclear Power Plant Authority (NPPA) of the Ministry

of Electricity* and Energy .
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Conversion

UO

scrap recovery

waste

waste

Fig. 1. Nuclear Material Control Scheme For A Low-Enrichment Fuel Fabrication Plant.

PROCESSES
Mining
Milling
Refining
Hydrofluorination
Fluorination
Enriching
Hex- To Tetrafluoride Conversion Reduction
Casting
Rough Machining, Briquetting, Forming
Finish Machining
Billet Fabrication , Canning and Cladding
Powder Metallurgy
Fuel Element and Target Fabrication
Assembly: In Reactor, In Cooling
Irradiated Material Awaiting:
Reprocessing, Separation
Oxide Conversion
Source Fabrication
Distillation
D2O Work
Tritium Purification
D2O Electrolysis
Lithium Chloride Process
Deuteriding
Disassembly
Dissolution
Chloride Process
Deuterium/Tritium Mixture Process
Tritiding, Sintering
Isotope Enriching
Recovery Process - Unirradiated
Unirradiated Scrap Material Awaiting Recovery

Fig. 2. Major Processes In The Nuclear Fuel Cycle.
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It

is

therefore

responsibilities
the
of

essential to indicate in the law the authorities and

in order to enforce the implementation of the control of

National System in all NM facilities in the country covering all parts
the

nuclear

production

of

water,...etc.).

fuel
yellow

cycle

(including

mining preparations of NM ores,

cake

, NM as by-product of some industries, heavy

Also, it is essential to apply regulatory inspections and

perform the NM audit checks and

verifications of NM inventories.

Developments Achieved :
The

ongoing

activities

of the Egyptian SSAC may be summarized in the

following :
1. Implementing the National System of Nuclear Material
Accounting And Safeguards in the two existing NM regions
in Egypt ; MBA : ET-A and MBA : ET-Z
2. Discharging the State obligations with respect to the
IAEA, which include :
Reviewing of "State Reports" before dispatching to the IAEA
Performing "Physical Inventory Verifications" whether during the
IAEA SG Inspections (or at any other time)
Started a research project for computerizing the SG data. More
efforts are still needed for perfection and development of output
data in formats compatible with the IAEA SG system(14).

Future Developments :
The

future

developments

of the SSAC of Egypt would be focused on the

following :
1. Establishment of

NM Safeguards Laboratory for performing different

techniques of measurements of NM (Destructive and Non-Destructive
Assays,

etc.) .

This specialized laboratory would be very useful for accurate
measurements of NM samples collected from the nuclear facilities
specially in case of disagreements or differences.
2. performing "Regulatory Inspections"

according to which teams of

specialized "State SG Inspectors" should be well trained for the task.
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This might need extra regulatory enforcement of the system.
3. Research & Development Work in the fields of NM Safeguards, accounting,
methodologies and techniques , and physical protection systems.
4. To establish a Safeguards Training Unit for training specialists and
National SO Inspectors. In future, such training unit may be developed
to train SQ specialists from Arab countries, Middle East, and Africa.
5. To participate in preparation of SG Agreements between Egypt and
foreign States and/or IAEA for future expansion in the nuclear field.

STRENGTHENING IAEA SAFEGUARDS
In

the

past few years, new policies of the IAEA were directed towards

strengthening

of

strengthening

the

to

enhance

Nuclear

the

its

existing

Safeguards

System. Several measures for

IAEA SG System were proposed, with the primary purpose
IAEA

ability

to

detect

and have access to Undeclared

Activities, which should have been declared under the terms of the

Comprehensive SG Agreements'15'161. These suggested measures are as follows:
1. More extensive use of Special Inspections16'.
2. Early provision and use of design information of the nuclear facility
on an iterative basis , and maintenance of continuity of knowledge of
verified information.
3. Reporting on exports and imports of:
* Nuclear Material
* Specified equipment and Non-Nuclear Materials
4. Systematic Analysis of each State's Nuclear Activities.
This would include information provided by :
* Safeguards-relevant information obtained by the IAEA from outside the
SG system
* Information publicly available.
5. Environmental analysis for SG purposes as additional practical tools
which may reveal information about Nuclear Activities.
6. Increase inspection effectiveness at small facilities,including
inspection planning on combined installations in a State.
7. Procedures of follow-up of NM for Safeguards Exemption and/or
Termination'5) .
8. Enhanced co-operation of the IAEA with SSACs or Regional Systems of
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accounting for and control of

NM.

As a result of the above, the IAEA would be expected to be in a
stronger position to detect undeclared activities and to have higher
credibility'16'17'.

CHALLENGES FACING THE EGYPTIAN SSAC
1. Problems at the national level , such as :
a) Lack of qualified specialists
b) Poorly equipped laboratories
c) Lack of regulatory enforcement particularly in inspection
procedures.
2. Problems at the international level , such as :
a) Interferences at implementation stages of SG
b) Obligations that may require consuming more time, efforts, and
expenses
c) Percussion of new policies of the IAEA for strengthening its SG
system . The final results of such policies could hinder or retard
the whole nuclear field in NPT countries which adopt Comprehensive
SG Agreements like Egypt.
3. Problems of Control of "Non-Nuclear Equipment and Materials Related to
the nuclear field". Consequently, it might be necessary for the
Authorities to perform extra costly efforts in the following :
a) More tight control of security and customs at air and sea ports all
over the country
b) Re-arrangement of the import-export systems in order to put such
items in special categories
c) Repeated amount of follow-up or performing

In-situ

inspections.

It

may be worthy to remark that such efforts could need some thousands

person-power for the implementation of the
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efforts mentioned.

CONCLUSION
The

establishment,

System

of

Accounting

essential
time.

for

the

For

And

country,

Developments

enforcement

implementation

and

Control

maintenance

of

the National

of Nuclear Material in Egypt is

and an international obligation at the same

of the National System and the issue of further legal

would be needed to comply with the extensive strengthening of

the IAEA Safeguards System which adds heavy burden on the National System.

Taking
Egypt

,

create
System

in consideration the anticipated growth of the nuclear field in
these

more

new

policies

challenges

and

of

strengthening the IAEA SG System might

problems in the development of the National

, and might add retarding factors in the nuclear field in the same

time.

NOMENCLATURE
UNO

: United Nations Organization

IAEA

: International Atomic Energy Agency , a branch of UNO

NPT

: The UNO - IAEA Treaty on the " Non Proliferation of
Nuclear Weapons "

SO

: Safeguards

NM

: Nuclear Material

SSAC

: State's System of Accounting For and Control of NM

Operator

: The responsible management of a Nuclear Facility

NP

: Nuclear Plant

NPT

: Nuclear Power Plant

MB

: Material Balance

MBA

: Material Balance Area

KMP

: Key Measurement Point

PIV

: Physical Inventory Verification

ICR

: Inventory Change Report

DA

: Destructive Assay Measurements by Sampling and Chemical
Analysis

NDA

: Non Destructive Assay Measurements

LEU

: Low Enriched Uranium (%Wt of U-235<20%)
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HEU

: High Enriched Uranium (%Wt of U-23 5^20%)
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TEMPERATURE DISTRIBUTION UNDER BALLOONING CONDITION
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ABSTRACT
The present study presents general formulation and
solutions for the problem of calculating the fuel clad circumferential temperature distribution under ballooning conditions. As for the generalized problem the heat transfer
coefficient and heat flux are assumed to vary as power
functions of the curvlinear coordinate along the clad surface. The analytic solution of the simplified problem gives
results which agree very well with the more complicated
solution reported in literatures. Furthermore some numerical solution for the generalized formulated problem are
given and discussed.
INTRODUCTION
Swelling and thermal distortion of nuclear fuel elements, due to depressurization of reactor coolant, may
cause contacts in points or finite regions between adjacent
fuel elements in square and triangle lattices. This is very
probable in Advanced Pressurized Water Reactors where the
clearance between fuel elements is about few millimeters.
This results in partial blocking of the coolant flow and
formation of hot spots in the contact regions* '. In these
regions the coolant flow would dissappear, resulting
in a
non-uniformity clad circumferential temperature distribution. This cause excessive thermal stresses which may
produce local melting or clad failure.
If these
catastrophic events occur, radioactive fission products
release and contaminate the reactor coolant system. Furthermore, if there is a break in the main coolant piping,
these radioactive materials can spread through the containment building and then the safety of people becomes
threatened. Thus an accurate prediction of the clad circumferential temperature distribution during these severe incidents is very important. This safety problem has been
studied numerically by several investigators during
transient* / 3 ' and steady state* 4 ' 5 ' conditions. Recently,
Lorenzini et al * ' derived a semi-analytical solution for
the underlying problem. Following Barrow and Hassan* ',
they assumed the heat transfer coefficient to vary linearly
with the circumferential distance measured from the cusp
point. Moreover they considered the heat flux at the fuelclad interface to be a constant quantity.
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In the present work an approximate analytic solution,
for the simplified problem studied by Lorenzini et al*°' ,
is obtained. The accuracy of this analytic solution is
tested by solving the problem numerically. Also the problem
is reanalyzed by considering the heat flux at the fuel-clad
interface to foe a power function of the angular distance
along the clad surface. Moreover, the heat transfer coefficient is assumed to be a function of both the circumferential coordinate and temperature of the clad. This latter
assumption is acceptable since during depressurization, the
coolant is not in a single liquid state but two-phase mixture of vapor and liquid whose coefficient of heat transfer
depends strongly on the temperature difference between clad
surface and coolant where the mechanizm of heat transfer
may be by nucleate or film boiling. The introduction of
this assumption makes the conduction equation to be nonlinear and, therefore, it is solved numerically. The
analysis and results obtained are considered to be a
generalization to those calculated previously*4'6'.
PROBLEM FORMULATION AND ASSUMPTIONS
Consider a single coolant flow channel surrounded by
four nuclear fuel elements or tubes shown in Fig. 1. In
this geometry heat is transfered from the fuel element to
the clad inner surface by radial conduction and from the
clad outer surface to the coolant by convection. From the
symmetry shown the coordinate is extended between the
points A and B located on the clad circumference (e.g. one
octane). Due to the absence of coolant at the cusp point or
area, the clad surface temperature is maximum at point A
and minimum at the point B. If the temperature difference
between points A and B is relatively high one can expect
that the heat transfer coefficient not only varies along
the circumference but also with the local circumferential
temperature. Also it is expected,that the radial heat flux
at the clad inner surface is nonuniform. According to the
above description and using the thin fin model
the heat
conduction equation across the circumference of the fuel
clad can be written as
d2t
h
_
. _
dy 2
sK

q
(t

- tb) + —

- 0

(1)

sK

where the heat transfer coefficient, h, and heat flux, q,
are assumed to vary as
h(y,t) = h B ( L

)

m

) 1M

(-
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(2)

and
y
q(y) = q B ( —
L

)P

(3)

Since the surface temperature is maximum at A(y=O) and minimum at B(y=L), Eq. (1) must be subjected to the following
boundary conditions
dt
— = 0
dy

at

y = 0

&

L

(4)

Introducing the dimensionless variables as
(p+2)/M
T=L'-P C

,

X =

1/M
C

y
(— )
s

K
— * — . (t - t b )
3B

(5)

S

(6)

where
C = B i ^ - N P QN
JA

(7)

= s/L

(8)

Bi = h B s/K
<3B S
Q = ^.^^^.>^^.^-

(9)
(10)

K(t B - t b )
M = m + 2 - 2 N - N p

(11)

Eq. (1) can be casted in the dimensionless form
d 2 T - Xm
dX 2

TN+l + Xp = 0

(12)

with
dT
= 0

at

1/M
L* - C

L
(—)

X = 0

and

X = L*

(13)

dX
where
(14

At the present stage it is to be noted that for N=p=0 and
m=l, the above system of equations reduce to those derived
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by Lorenzini et a
PROBLEM REDUCTION AND SOLUTION
The conduction equation (12) is a nonlinear nonhomogeneous second order differential equation. There is no
existed analytical solution to this equation. However, for
some special cases (e.g. N=-l & N=m=0 ) the equation can be
solved analytically. Any how in the present work we tried
an approximate analytic solution followed by a numerical
treatment to determine the accuracy of the analytic method
used.
1 The Analytic Solution
Now consider the case in which N=p=0 , m=l:
Actually this is the case that studied by Lorezini et al (6)
, viz
2T
—s - X T + 1 - 0
dX 2
d

(15)

The above numerical values represent the case of non boiling forced convection or stable film boiling. Eq. (15) can
be solved analytically by integrating all terms from x=0 to
x=x, using Eq. (13), so that
dT
—
dX

rx

-

I XTdx + x = 0

(16)

0

Making use of the approximation
fx

Oj

x
f (x) dx *tf —
2

[ f (0) + f (x) ]

and the boundary condition (13) we find that the final
solution of Eq. (16) is
2
T =—
L

-(L*3-x3)/6
e

x3/6
+ e

x3/6
-e

L*

-\/S

oJ

x ->?3/6
M e *
di

(17)

The maximum average temperature, t Q , of the clad material
is obtained from Eq. (5) as
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O

= fc

b+

(

2/3
" 7s7l/i
1 " 1/3
2/3
R l/3 h

where T Q is the clad dimensionless temperature at the cusp
point ( e. g. x=0 ) . This temperature is obtained from Eq.
(17)
To

2
-L*3/6
.L*
= ~* e
+ I
e
J
L
0

<

dv?

(19)

2 The Numerical Solution
The temperature distribution along the clad circumference is caculated by solving Eqs. (12) and (13) numerically using the fourth -order Runge-Kutta integration procedure. To determine the influence of the nonuniformity of
heat transfer coefficient and the fuel-clad interface heat
flux we use the exponents tn, N, and P as parameters. Fjr
the special case in which N=0 , it can be shown that L =
(Bi/u ) ' ^m+ ' , and the solution is then straight-forward
. In the general case^ (e. g. N=0) we see from Eqs. (7) ,
(10) and (14) that L depends on the clad temperature at
the point B as well as Biot number Bi and^M. The numerical
procedure is then to assume a value for L and calculate Q
from Eq. (14) , Q=(L M //* 2 N ~ 2 Bi ) 1 / N , assuming > and Bi
are given values. Next calculate the dimensionless Jemperature T B at the point B (x=L ) from Eq. (5) , T B =/A 2 L P
/Q ,
which represents the starting value of T. Finally the
temperature-derivative at point A (x=0) is checked, if it
is not zero, assume another value for L and repeat the
previous steps.
RESULTS AND DISCUSSION
The results obtained are based on geometrical and
physical data which are typical of a PWR fuel rod during a
LOCA (Loss Of Coolant Accident) * '. The comparison between
the present analytical solutions and previous solutions^ '
is the only way to test the validity of the analytic solution since there is no available experimental data concerning the present problem.
Fig. 2 shows the variation of the dimensionless cladding temperature with the curvilinear coordinate along the
clad circumference. The dimensionless number L defined by
Eq. (14) is used as a parameter. It can be shown that
present results agree well with + the previous results^6'
specially for the small value of L .
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The maximum dimensionless temperature variation
T
along the clad circumference is depicted in Fig. 3. It is
seen that as L
increases the temperature variation increases as well. From the definition of L , we deduce that
T increases as the clad thickness, s, and thermal conductivity, K, decrease. Actually during a LOCA the clad circumference expands (undergoes ballooning) and its thickness
decreases which may results in clad failure and release of
radioactive fission products.
Finally, Figs. 4a, and 4b show the dimensional temperature distribution along the clad circumference. These
results are obtained by solving numerically Eq. (12) with
N=0, using P and m as parameters. It can be seen that the
effect of m is to increase the clad temperature, while the
parameter P has an opposite effect in favour of the clad
integrity.
In conclusion the analytical method used appears to be
accurate as compared with the numerical results.
NOMENCLATURE
Bi
C
h
K
L+
L
m,n
P
M
q
Q
s
t
T
x
y
JVL

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Biot number, hg s/K
is defined by Bq. (7)
coolant heat transfer coefficient (W/m **C)
clad material thermal conductivity (W/m K)
circumference length of segment AB (m)
dimensionless length of segment AB, Eq. (14)
exponent defined by Eq. (2)
exponent defined by Eq. (3)
exponent defined by Eq. (11)
heat flux at fuel-clad interface (w/m )
dimensionless heat flux defined by Eq. (10)
clad thickness (m)
clad temperature (°C)
dimensionless clad temperature
dimensionless curvilinear coordinate, Eq. (6)
dimensional curvilinear coordinate (m)

= L/s

Subscripts
o
B

= conditions at the cusp point (y=0)
= conditions at point B (y=L)
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ABSTRACT

The use of coordination polymer of the general formula
M I![Me(CN) ] . x H 0 for the recovery of heavy alkali metals
3

6 2

2

has been studied. The hexacyanometallate complex is used
together with silica gel as supporting material. The preparation of such adsorbent, cobalt hexacyanocobaltate-silica
(CoHCC-SiO ), is
described.
The
sorption
and
elution
characteristics under dynamic conditions have also been
investigated.
A number of parameters affecting the breakthrough
capacity such as acidity, particle size, salt concentration
and the nature of the waste solution (e.g. MAW, PWR, BWR,...)
are reported.
INTRODUCTION
The hexacyano-complexes of Fe(II), Fe(III) and Co(III)
form insoluble polynuclear compounds with the divalent
transition metal cations (1). These polynuclear compounds
have been used for the separation of radioelements from
various radioactive waste solutions (2,3).
Among
the
hexacyanocobaltate(III)
salts
cobaltous
cobalticyanide was found to have good stability in strong
acid solutions (4) and high selectivity for cesium (5). This
complex has been used either as a precipitate (6,7) or ion
exchanger (5) for the separation of cesium from various waste
solutions.
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Column technique has been adopted as a more convenient
way for the enrichment of cesium from large volumes of
biological and environmental solutions (8). However, hexacyanometallate complexes are not suitable for use in a column
procedure due to the difficulty of preparing large particles
and unsatisfactory mechanical properties. Therefore, to solve
the above-mentioned problem the use of cyano-complexes in
columns can be accomplished by the use of other materials,
inter alia, silica gel (9), zeolite (10) and ion exchangers
(11) as a support.
In the present work we have studied the behaviour of
cobaltous hexacyanocobaltate(III) impregnated silica gel for
the removal of cesium from radioactive solutions.
EXPERIMENTAL
1. Reagents
Radioactive cesium, Cs-134, as cesium chloride was
obtained from Amersham International, England. Silica gel
granulated was obtained from Veb Laborchemie Apolda, Germany,
and potassium hexacyanocobaltate(III) from Thiokol, Inc Alpha
Products, USA.
Other chemicals were chemically pure reagent grade.
2. Preparation of the Adsorbent CoHCC-SiO
Three samples of hexacyanocobaltate(III) impregnated
silica gel, hereafter designated CoHCC-SiO were prepared.
Sample 1™ 10 g silica gel of the desired particle size
was mixed with 20 ml of 0.5M potassium hexacyanocobaltate(III)
solution with stirring and left to stand overnight. After
decantation 50 ml of 0.3 M CoCl solution was added, with
stirring and left overnight. This was followed by decantation
and washing several times with distilled water. Then the
sample was left
to dry at 60°C till constant weight. The
sample was sieved to obtain the desired particle size.
Sample 2™ The preparation is similar to sample 1 except
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the order of addition of the reagents. That is silica gel was
soaked first in 50 ml of 0.3 M CoCl2 followed by the dropwise
addition of 20 ml of 0.5 M potassium hexacyanocobaltate(III)
solution.
Sample 3- 10 g silica gel of particle size 0.1-0.25 mm
was mixed with 50 ml of 0.3 M CoCl with stirring and left to
stand overnight, then decantation. This procedure was repeated
four times to adsorb as many cobalt ions as possible on silica
gel. Finally 20 ml of 0.5 M potassium hexacyanocobaltate(III)
solution was added and the rest of the procedure is quite
similar to that of sample 2.
3. Adsorption Experiments
Batch method- O.lg CoHCC-SiO was mixed with 10 ml of
the desired solution. After overnight equilibration the
phases were separated by centrifugation, and a sample of the
aqueous phase was withdrawn for analysis.
Column method-columns of 1.0 cm in diameter and 10 cm
high were used and their lower parts were fitted with
sintered plate and taps. The packing weight of CoHCC-SiO was
0.5 g (dry base). The desired feed solution was fed into the
column
at a constant flow rate of 1.7 ml/min by using a
dosing pump Pro-Minent A. Fractions of the effluent were
collected for r-counting.
The maximum capacity of adsorbed cesium under dynamic
conditions was determined by graphical integration of the
breakthrough curves after correcting for the free volume of
the column.
RESULTS AND DISCUSSION
Our previous work on hexacyanocobaltate(III) salts
indicated that cobaltous hexacyanocobaltate(III), CoHCC, is
one of the very efficient salts for the removal of cesium
from radioactive waste solutions by precipitation procedure

3TT

(12). The sorption of cesium on CoHCC was claimed to proceed
via an ion exchange process (5). In view of the successful
data obtained on the removal of radiocesium by CoHCC, an
attempt has been made to improve the adsorbent mechanical
property and grain size by coating silica gel with a thin
film of this adsorbent, CoHCC. The amount of CoHCC forming a
thin film on silica gel, expressed as gram CoHCC per gram dry
CoHCC-SiO , has been determined (by dissolution of CoHCC in
5M NH4OH) and found to be 0.06, 0.15 and 0.15 in samples 1, 2
and 3/ respectively.
The capacity of samples 1 and 2 was estimated in a
solution of 3xl0"4M CsNO in acidic medium (0.1 M HNO ) and
found to be 0.01 and 0.04 meq Cs/g dry CoHCC-SiO Respectively
But since the performance of sample 2 was much better than
sample 1, the present work has been carried out by using
samples 2 and 3 only. The maximum static capacity was determined
by equilibration with
a solution of 0.1 M CsNO in
acidic medium. It is found to be 0.52 meq Cs/g CoHCC-SiO .
Preliminary experiments have shown that adsorption of
cesium on silica gel itself is negligible, this means that
any adsorption taking place on CoHCC-SiO is due entirely to
the cobalticyanide moiety.
1. Adsorption
Batch operation-Adsorption of cesium at a concentration
of 9xlO"sM CsNO on CoHCC-SiO from nitric acid, BWR, PWR,
MAW and sea-water is shown in Table 1. The chemical composition of the simulated waste solutions PWR (12), MAW (13), BWR
(14) and sea-water (15) have already been reported in previous
articles. The adsorption of cesium from nitric acid solution
could be quantitative so long as the acid concentration is
kept below molar and at a rather low m/v ratio. At higher
acidities the adsorption decreases to a great extent. These
data are in good agreement with the effect of nitric acid on
the distribution coefficient of cesium in nitric acid solution
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reported earlier (5). On the other hand in the presence of
high salt concentration as in the case of MAW, PWR, BWR and
sea-water solutions, the adsorption is low at high v/m ratio
but almost of the same magnitude as in nitric acid at low v/m
ratio of 25. This may indicate the high selectivity of
CoHCC-SiO
for cesium even
in presence of high
salt
concentration. The results may indicate the feasibility for
the removal of radiocesium which is present in very low
concentrations in particular sea-water where cesium concentration does not exceed yg/1 (16,17).
Column operation- the dynamic behaviour of CoHCC-SiO
for the isolation of cesium from waste solutions is evaluated
from the breakthrough curves as shown in Fig.l. The breakthrough capacity or dynamic capacity depends on the operating
conditions, inter alia, cesium concentration and flow rate.
The maximum capacity which is considered an important property of a sorbent beside its mechanical stability has been
estimated. It is found to be 1.0 meq Cs/g dry CoHCC-SiO in
solution of 0.1M CsNO in acidic medium and at a flow rate of
1.0 ml/min. That is the dynamic capacity is higher than the
static capacity. This may be due to favourable equilibrium
and operating conditions in the former case.
Adsorption of cesium on CoHCC-SiO at a concentration
of 9xlO~5M CsNO and flow rate of 1.7 ml/min from different
media- 0. 1M HNO , MAW and sea-water is shown in Table 2. In
nitric acid medium two different particle sizes of the
adsorbent are used 0.1-0.25 mm and 0.25-0.5 mm. There is only
slight difference in the breakthrough capacity upon using two
different particle sizes. However, within experimental uncertainty the capacity can be considered independent of particle size.
The capacity in MAW and sea-water have been measured by
using the small particle size of the adsorbent. The values
are similar to that of nitric acid or even a little bit
higher. Such behaviour confirms
the results of batch
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Table 1. Adsorption (\) of Cs on CoHCC-SiO by batch
experiment at different v/ra ratios
N

\v/m
medium^v

100

50

25

0.1 M HNO 3

95

96

98

1.0 M HNO3

83

92

98

5.0 M HNO3

17

46

—.

BWR

81

92

97

PWR

79

90

98

MAW

79

88

92

Sea-water

89

94

96

Table 2. Adsorption of Cesium on CoHCC-SiO
weight of CoHCC-SiO = 0.5 g
/fCs7" 9 x 10"5M,
1.7 ml/rain
flow rate
Solution

Particle size
mm

by Column Operation

Capacity
10 meq/g dry CoHCC-SiO?

0.1 M HNO 3

0.25-0.5

6.6 (0.88 mg Cs)

0.1 M HNO 3

0.10-0.25

7.0 (0.93 mg Cs)

MAW

0.10-0.25

7.4 (0.98 mg Cs)

Sea-water

0.10-0.25

8.3 (1.10 mg Cs)

Values between brackets represent the amount of cesium
adsorbed per g CoHCC-Si02 .
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operation. The low capacity values are due to the low cesium
concentration, hence addition of cesium carrier enhances the
adsorption yield on the adsorbent (11). The capacities in mg
Cs/g adsorbent can be considered satisfactory enough for the
pre-concentration of radiocesium from large volumes of seawater or other radioactive waste.
2. Desorption
Batch operation- Attempts to elute cesium adsorbed on
CoHCC-SiO by using a variety of eluants were only partially
successful.
Ammonium hydroxide solution removes 91% of adsorbed
cesium but this may be attributed to the solubility of CoHCC.
On the other hand a solution of 0.1M AgNO removes about 96%
of adsorbed cesium which may be due to the formation of a
strong bond with the cobalticyanide moiety as in the case
with ferrocyanide (18), but regeneration of the adsorbent
would be difficult. KCl and NH Cl remove only 5% and 30% of
cesium; respectively even at high v/m ratios of 100. Nitric
acid solution of high concentration up to 10 molar and v/m
ratio of 100 removes up to 85% of adsorbed cesium. But
nevertheless since it is overnight equilibration, we expect
that dissolution of some SiO or CoHCC might take place.
Finally a mixture of 5.5M NH4NO3 and 0. 5M HNO3 elutes
up to 37% of adsorbed cesium at v/m ratio of 100. All data
are compiled in Table 3.
Column operation- Elution of cesium adsorbed on a
column of CoHCC-SiO was tried by using two eluants namely
10 M HNO and a mixture of 5.5 M NH NO and 0.5 M HNO . The
amount of cesium eluted was calculated by graphical integration of the elution curves in Figure 2.
By using 10 M HNO , it is found that 37% of adsorbed
cesium is eluted. There is not observable defects in mechanical properties of the column but only some deterioration of
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Table 3. Desorption of Cs from CoHCC-SiO
Eluant

Concentration
(M)

v/ra

by batch experiment
Desorption

HNO 3

8

50

50

HNO 3

8

100

63.

HNO 3

10

100

85

KC1

1

50

5

NH 4 C1

5

50

25

NH 4 C1

5

100

31

NH.OH
4
AgNO 3

1

50

91

0.1

50

96

5.5 x

50

14

0.5 /

100

37

NH.NO- A
4 31
HNO 3
/

By counting the solid before and after elution.
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the polythene tubings at the end of the elution. It is necessary to replace all tubings and wash the dcsing pump several
times before reuse.
The second eluant which is a mixture of 5.5 M NH NO
and 0.5 M HNO gave much better results than 10 M HNO (cf.
Fig.2) but still partially successful. The percentage elution
has reach 45%.
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ABSTRACT
Four different crystallographic modifications of UO
designated as a, /9, 7 and 5 as well as the amorphous (A) -UO
have been prepared. The results indicated that the different
densities of a, p, and A-UO are inversely proportional to
uranium concentration and temperature during precipitation
while directly proportional with duration and final pH. The
sequence of density of UO powders appeared as follows :
£ > 7 > 3 > a > A-UO . The porosity of the UO
phases was
calculated using the equation P = D - D / D .The sequence
of porosity appeared as follows : A-UO > a > 5 > y > / 3 . The
stoichiometry of the U 0 phase was determined titrimetrically. The 0/U sequence appeared as follows: r> 5> a> A-UO >/3.
indicating that the stoichiometry of the U 0 phase depends
on the porosity of the UO from which it was prepared .
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1. INTRODUCTION
UO

and U O powders have been used as intermediary oxides
3

3

8

in the preparation of UO fuel. ( 1 ) The degree of densification
and the specific microstructural features of grain size and
porosity distribution that develop in sintered ceramic oxides
depend markedly on processing conditions both subsequent and
prior to the powder preparation ( 2 ) .
In the conversion of uranium compounds to uranium oxide
U 0 , many conditions affect the U 0
stoichiometry. Among
these are the nature of the precursor, calcination temperature, duration of calcination, layer thickness, heating and
cooling rates and gaseous atmosphere. 3 ' 4 The composition of
U 0 formed during the decomposition of ammonium uranates in
air had been studied, by the first author, using DTA,TG,IR,
chemical and X-ray analysis (3 ~ 8 *.The aim of the present investigation was to study the effect of the mode of preparation on
densities and porosities of four different crystallographic
modifications of uranium trioxide designated as a ,fi,y and 5
as well as the amorphous (A)-UO . The aim was extended also
to study the relation between porosity of UO
powders and
stiochiometry of the U 0 phase obtained by thermal decompo3

8

sition of the different UO

modifications .

2. EXPERIMENTAL
2.1- £-U0

Preparation :

Ammonium uranate (AU) employed as starting material for
|3-U0 preparation was precipitated, as described in Table 1,
from the nuclear pure uranyl nitrate solution, containing
0.02-0.04M free nitric acid, using 1:1 AnalaR ammonia liquor
while stirring the slurry vigorously. A sample layer of AU,0.3
cm thick ,was placed on a stainless steel tray and calcined
in a muffle furnace at 500°C for 3h. The heating rate was
equal to 12°C/min as recommended in a previous publication.
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2.2- Amorphous Uranium Trioxide (A-UO ) and a-UO, Preparations
Uranium peroxide (UPO) , employed as starting material for
A-and a-UO preparations, was precipitated from the strongly
acidified nuclear pure uranyl nitrate solution as described in
Table 2. 1:1 AnalaR ammonia liquor was added while stirring
the slurry vigorously till pH 2 is reached. 30% H 0 solution
was added dropwise, while stirring the slurry till a yellowish
white precipitate is formed. The obtained precipitate was filtered and divided into two portions. The first one was washed
twice with distilled water, acetone, then dried at 50°C for
48h. The second portion was dried, in the same way, without
any washing. A-UO and a-UO powders were prepared as
c

ii

(9,10)

follows
~ o. , T T D n
washed UPO

calcination at 400°C for 3h.
4

Unwashed rmn
UPO
TT«,,,«V,«^J

TT_
> A-UO

C/min

.on_at_!
calcination
at 500°C for 3h. > a-UO
TT_
4 °C/min

2.3- 7 and 6-XJO Preparations :

y-UO

was

prepared

by

heating

uranyl

nitrate

hydrate

crystals, with a heating rate of 12°C/min, till 400°C and
kept at this temperature for 3h. 6-UO
hydrating the obove-mentioned 7-UO

was obtained by

first

by boiling with water for

lh. Next, the hydrated oxide was heated with a heating rate
equal to 4°C/min, till 425°C and kept thereafter for 3 h ( 9 )
2.4- Apparent Density Measurements :
The apparent density was measured by the difference of
volume of impregnation using kerosene
.The latter was
found most appropriate after having tried other organic
liquids like methanol, ethanol, benzene, toluene, hexane,
pentane, acetone and petroleum ether.
2.5- Pour and Tap Density Measurements :
These were measured according to the procedure described
in PG Report 519(5), 1963.
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2.6- Oxides Preparation in the Composition Range UO -U 0
A uranium trioxide powder layer, 0.3 cm thick, was placed
in a stainless steel tray and calcined at 650 °C for 3h.
2.7- O/U Ratio Determination :
The stoichiometry of the U O phase was determined titrimetrically with cerium(IV) sulphate as described elsewhere
2.8- Porosity Calculations :
The porosity of the UO phases was calculated using the
following equation 1 2 :
P = ( DT- Dp ) / D T
Where : P is the porosity, D is the theoretical density and
D is the measured density of the UO powder .
p

3

3. RESULTS AND DISCUSSION
3.1- Effect of Mode of Preparation on Densities and
Porosities of Different UO Modifications :
3

Tables 1 & 2 report the results of a factorial plan of
experiments illustrating the variation in percent theoretical
densities and porosities of oc,/3 and A-UO powders, with four
fundamental variables during precipitation, namely, uranium
concentration, temperature, duration and final pH . From the
results one could conclude that :
i) The density values decreased with increasing precipitation
temperature from room to 70°C. In case of £-U0
powders, the
pour density decreased from 12.99 to 12.92 % T.D., the tap
density from 16.23 to 16.14 % T.D. and the apparent density
from 95.7 to 95.2 % T.D. In case of A-UO
powders, the pour
density decreased from 16.54 to 15.78 % T.D., the tap density
from 19.50 to 18.60 % T.D. and the apparent density from 78.41
to 74.77 % T.D., while for oc-UO powders, the pour density
decreased from 16.89 to 16.2 % T.D., the tap density from
20.02 to 18.98 % T.D. and the apparent density from 80.52 to
76.34 % T.D.
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Table 1 : Effect of Mode of AU Precipitation on Densities and
Porosities of /3-UO Powders
I^ode of AU Precipitation

No

U cone

1

70

2

70

3

Temp.
(°C)
room

Density, % T.D.

Duration
(min.)

Poro-

Final
PH

Pour

Tap

Apparent

sity

20

8.0

65

20

8.0

70

70

20

8.0

4

70

65

20

7.0

16.23
16.16
16.14
16.07

5

70

65

20

6.0

12.99
12.93
12.92
12.90
12.86

95.70
95.30
95.20
95.11
94.76

0.043
0.047
0.048
0.049
0.052

6

70

65

10

6.0

7

70

65

35

6.0

16.05
16.24

8

70

65

55

6.0

50

65

20

6.0

10

30

65

20

6.0

12.89

94.70
95.80
96.00
94 .87
95.01

0.053
0.042
0.040

9

12.84
13.00
13.04
12.87

(g/D

16.06

16.29
16.08
16.12

Table 2 : Effect of Mode of UPO Precipitation on Densities
and Porosities of A- and a-U0_
Mode of UPO Precipt.

No
1
2
3
4
5
6
7
8

U cone !Temp. Dura(°O tion
(g/D
70
70
70
70
70
70
50
30

room
50
70
65
65
65
65
65

20
20
20
10
35
55
20
20

Density of A-UO% T.D.
AppaPour Tap rent
16.54
15.86
15.78
15.76
16.56
16.73
15.79
15.85

19.50
18.73
18.60
18.57
19.52
19.81
18.62
18.68
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78.41
75.32
74 .77
74.72
78.50
79.31
74.86
75.12

Density of a-U0_
% T.D.
AppaPour Tap rent
16.89
16.22
16.02
16.09
16.90
17.08
16.13
16.18

20.02
19.13
18.98
18.97
19.93
20.14
19.00
19.08

80.52
77.35
76.34
76.29
80.14
80.97
76.43
76.70

0.051
0.051

ii) The density value decreased also with increasing uranium
concentration from 30 to 70 g/L. In case of 0-UO powders,the
pour density decreased from 12.89 to 12.86 % T.D., the tap
density from 16.12 to 16.06 % T.D. and the apparent density
from 95.01 to 94.76 % T.D. In case of A-UO powders, the pour
density decreased from 15.85 to 15.78 % T.D., the tap density
from 18.68 to 18.60 % T.D. and the apparent density from 75.12
to 74.77 % T.D., While for a-UO powders, the density decreased from 16.18 to 16.02 % T.D., the tap density from 19.08 to
18.98% T.D. and the apparent density from 76.70 to 76.34% T.D.
iii) The density values increased with increasing duration of
precipitation from 10 to 55 min. In case of /9-UO powders, the
pour density increased from 12.48 to 13.04 % T.D.,the tap density from 16.05 to 16.29 % T.D. and the apparent density from
94.07 to 96.00 % T.D. In case A-UO powders, the pour density
increased from 15.76 to 16.73 % T.D., the tap density from
18.57 to 19.81% T.D. and the apparent density from 74.72 to
79.31% T.D. while for a-UO powders, the pour density increased from 16.09 to 17.08 % T.D., the tap density from 18.97 to
17.08% T.D. and the apparent density from 76.29 to 80.97% T.D.
iv) The density values for /3-UO powders increased with increasing the pH of precipitation from 6.0 to 8.0, the pour density increased from 12.86 to 12.93% T.D., the tap density from
16.06 to 16.16 % T.D. and the apparent density from 94.76 to
95.30 % T.D.Previous results(*1]indicated that, the density of
AU precipitates decreased with increasing uranium concentration and/or rising temperature of precipitation and increased
with increasing the pH of precipitation owing to the fining of
precipitates. Rapid precipitation
led to development of
(14)

precipitates with small particle size. H.Doi and T.Ito
stated that the calcination of AU precipitates in air till
600°C did not essentially modify the shape of the precipitates
except for the development of minute holes in the elementary
particles, and above 600°C, the shape of the precipitates are
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modified by microsintering.
Table 3 reports the densities and porosities of the different UO powders.The sequence of densities appeared as follows:
/9 > ? > 3 > a > A-UO while the porosity sequence appeared as
follows: A-UO >a>6>r>/3. The theoretical densities calculated
according to the X-ray unit cell spatial dimensions are given
in Table 3. The sequence of the published experimentally
determined densities l 5 * 1 6 a r e i n good agreement with our
sequence, however, the little variation in density values,
between our results and the published ones, can be attributed
to the sensitivity of uranium trioxide system to the preparation conditions such as the nature of the precursor, mode of
thermal treatment, contaminating impurities, presence of gaseous atmosphere..etc. 3 ' 4 .Porosity is inversely proportional
to density. The calculated porosity values are equal to 0.2135
± 0.0235, 0.0465±0.0065, 0.077, 0.144 and 0.2295± 0.0235 for
oc, (3,7,8 and A-UO respectively.
3.2- Effect of Porosity of the Different UO

Modifications on

O/U Ratio of Oxides Formed, in the Composition Range

UO -U 0
3

3 8-z

Fig.l reports the determined O/U ratio of the oxides formed,
by heating a, /3 and A-UO powders, plotted versus the porosities of the three different UO modifications. The O/U ratio
values for oxides, derived from r and 5-UO
origins, are
equal to 2.785 and 2.729 respectively.The O/U ratio sequence
appeared as follows : ? > 5 > a > A-UO > £. The different
results can be explained as follows :
i) The stoichiometry of the U O phase is affected by the back
3

8

diffusion of the oxygen into the uranium oxide in the cooling
cycle (1?> .This means that the porosity is directly proportional
to the O/U ratio (fig 1) .
ii) On rapid heating of AU precipitate, 12 C/min an appreciable
part of ammonia is retained by the solid
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and a little ammonia

2.72

2.71

°

Derived from P~

a

Derived from 00UO3

*

Derived from A-UO3

2.70

8. 2.69
o

2.68

2.67

2.66
0.04

0.06 0.16

0.18

0.20

0.22

0.2 U

0.24

Porosity

Fig.1:Porosities of a , p and A-U03Powders Versus 0/U Ratio of Oxides
Formed After Calcination at 650°C for 3h.
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Table 3 : Densities and Porosities of the Different UO,
Modifications
Powder Densities (g/cm3)
Porosity
Tap
Apparent
T.D.
Pour
Type

a
&
7
5

A
•

1 •403±0 .042 1. 655+0.049 6 .652+0.198 8.46 0 .2135+0 0235
1 •074+0 .008 1.342+0.01 7 .914+0.054 8.30 0 .0465±0 0065
7.41
8.03
2.91
0.077
2.11
6.66
5.70
2.50
0.144
1.85
1 •366+0 041 1. 614+0.052 6 .477±0.139 8.41 0 .2295+0 0235

Reference

15

is evolved 15} . This retained ammonia reacts with J3-U0 , during
calcination, leading to the formation of U O with O/U ratio
3

less than those obtained

8

for oxides derived

from other UO3

modifications .
iii) The O/U ratio values of oxides, derived from UPO origin,
are higher than those of oxides,derived from AU origin,
presumably owing to the presence of some oxidizing ions during
ex and A-UO preparations and absence of any reducing impurities. The presence of nitrate impurities in the unwashed UPO is
expected to increase the O/U ratio because the decomposition
products include water and oxygen .
iv) The O/U ratio values of oxides, derived from ?-UO3 origin,
are higher than those of oxides, derived from 5-UO3 origin,
presumably owing to the presence of some nitrate ions
incorporated into the r-UO structure and acts as oxidizing
agent during calcination. The preparation of 6-UO3,by boiling
the r-UO with water, removes the majority of these nitrate
impurities. Vita et a l ( * 7 } stated that, ignitions of uranyl
nitrate for l-3h at 850°C produced U O that deviates as much
as 0.15 % from stoichiometric U O ; deviations were negligible
3 8

when uranyl nitrate was ignited at 1000°C for 2h. Rising of
ignition temperature led to microsintring
and decreasing of
39^

porosity and 0/U ratio.
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ABSTRACT

The main objective of this work is to develop known
procedures for fabrication and testing U0 2 pellets starting
from U0 2 powder for producing experimental fuel elements.
This paper concentrates on some quality parameters which are
basic requirements for pellet qualification for use in
nuclear reactors. This includes green and sintered pellet
density,
sintered pellet dimensions
and grain size.
Fabrication processes included pre-pressing, granulation,
final automatic pressing and sintering (two regimes). The
quality control of each fabrication step was planned, tested
and verified. Experimental results are presented for about
100 pellets. They include green density, sintered density,
pressing parameters and average grain size. The findings are
statically
evaluated
and related
to the fabrication
conditions.
INTRODUCTION

1.1. Geiieral:
Quality control (QC) is a very important tool in nuclear
fuel technology. Substantial objectives of quality control of
fuel elements for nuclear reactors are the safety of the
public and environment as well as optimum performance and
hence economical operation. Quality control plan must take
into account the technological development state and
industrial experience acquired. It is furthermore related to
the kind of process, equipment and throughput of the plant.
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Quality cannot be achieved only by control; quality must be
planned, produced and verified within each process'1' 2).
In order to establish a qualification test the following
procedure should be followed;
Investigation programs
* Investigations and tests
* Special tests
* Process parameters and manufact
uring effects to be observed

planning

*
*
*
*

Execution

Sample manufacturing
Investigations
Measurements
Tests

* Technical reports
* Laboratory reports
* Investigation reports

Results

* Assessment of the procedure
qualification test results
* Determination of the procedure and
the parameters in the form of;
- Specifications
- Manufacturing and test and
examination documents.

Evaluation

Comparison of data with release Criteria
(previously established)
Release by competent Authority (by
established Quality Program)

Release to
production

Table (1): Steps in establishing a procedure qualification
test

(1)

.
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QC of U0 2 pellets are performed using physical and
chemical methods (2<) . The performance of the U0 2 fuel, which
in most thermal reactors are used as pellets, may be affected
by a variety of quality factors such as: enrichment,
composition, U0 2 density, grain size, pellet diameter and
surface roughness, surface chipping and cracking, stability
against thermal/irradiation cracking and stoichiometry. The
various quality-relevant design requirements for U0 2 will be
discussed.
1.2. Compos!tion:
The composition of U0 2 is determined by the purification
that occurs in the acid leaching of ore, the U3O9 solvent
extraction and the production of UF8. The impurities in U0 2
fuel influence the U0 2 absorption cross-section and can
influence cladding integrity (hydrogen and flourine). For
these reasons U0 2 should be produced with reasonably high
purity(1).
1.3I.Density'*
The density of U0 2 influences the thermal conductivity
according to a relationship of the f orm(7):
X

= Xo

(1

-

2.5JD)

W h e r e p is the fraction of residual sintering porosity. The
closer that density and the size distribution of residual
porosity can be controlled, the better is the quality of the
fuel. Density also has a strong influence on creep strength
of U0 2 . The density of the produced U0 2 pellets should be
measured.
1.4. Grain size:
Grain size in U0 2 affects fission product release and
creep strength. The grain size of U0 2 is falling in the range
of 5-30 fxm. Three pellets per run should be measured(1>7) .
1.5. Pellet: diameterand surface roughness:
The pellet diameter is one of the components making up the
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important fuel-clad gap in the finished rod. Experience shows
that if U0 2 pellets are ground on the cylindrical surface
after sintering, the tolerance range achievable (better than
±0.0125 mm) is a small component of the variation in
fuel/clad gap compared with that arising from the cladding.
If U0 2 pellets are not ground, the tolerance range over a
production run is likely to be considerably larger,
approaching that of the cladding (±0.05 mm) . The diameter,
length and surface roughness for each produced pellet should
be measured*1'4'7'.
l.C. Surface chipping and cracking:
Chipping results in less fuel being loaded into a can,
leading to the possibility of keying between the fuel and the
can due to creep-down and to adverse local thermal effects.
This effect should not be neglected in some HWR fuel where
the cladding is thinner than that of LWR. In general, the
better the quality of the pellet with respect to surface and
internal defects, the more resistant to chipping it will be.
The pellets are 100% visual inspected to reject the pellets
which have cracks or dishs which do not following the
designed values'7'.
1.7. Stoichiometrv:
The stoichiometry of UO2 has dramatic effects on thermal
conductivity, increasing with hypo-stoichiometry and reducing
with hyper-stoichiometry. The sintering of U0 2 is carried out
in a strongly reducing atmosphere, so the end product has a
high degree of stoichiometry. Generally the end product
should have a high degree of stoichiometry (in the range of
U0
2.oo ~ uoa.oo3) • B u t i f t n e heating rate in sintering is very
rapid, the pore isolation occurred before completion of U3Oe
reduction(1> 7) .
According

to

technical

specification

of

Candu-fuel

elements, the sintered pellet diameter should be with 12.1512.25 mm and the pellet density should be between 10.45 399

10.75 g/cm3. The achievement of this specification needed a
documentation on quality assurance methodology, standards and
procedures(s>7).
the methods for pellet production are described in this
report as well as the properties of pellets obtained in a
typical manufacturing runs.

1.89 Manufacturing and Inspection Operations and their
Sequence:
The manufacturing operations and their sequence of events
necessary for qualification of pelleting process will be
discussed in this paper.
The
sintered
pellets
specifications'1' 7):

should

have

the

following

1.8.1. density: Pellet density should be in the range of
10.6±0.l5 g/cm3.
1.8.2. Pits: Pits in any surface with major dimension do not
exceed 0.5 mm shall be discounted. Pellets with pits shall be
accepted if: No pit is larger than 2.5 mm, not more than 2
pits are larger than 1.0 mm and more than 15 pits are larger
than 0.5 mm.
1.8.3. Inclusions: Pellets should
inclusions of forgein material.

contain

no

visible

1.8.4. Chipping of the dished and flat ends: Chips spaced
closer than 3.0 mm shall be considered as a single chip.
Chips less than 0.1 mm deep and chips located wholly within
0.5 mm of pellet corner shall be discounted. The major
dimension of any single chip should not exceed 100 percent of
the pellet diameter in the major dimension.
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1.8.5. Chipping of the circumferential surface: Chips, on the
circumferential surface, with major dimensions not exceeding
0.5 mm discounted. Chips wholly within 0.5 mm of pellet
corner shall be discounted. Pellets with chips located on
cylindrical surface a^e acceptable, if the total length of
chips is not excess of 75 percent of the pellet diameter.
Chips on the tapered surface are acceptable, if the total
missing tapered surface (due to chips and pits) is not in
excess of 25 percent of pellet tapered surface.
1.8.6. Qualification plan:
The qualification plan is aimed at demonstrating the
process capabilities to produce sintered U0 2 pellets (using
reliable manufacturing and inspection methods) that meet the
technical and product specifications.

EXPERIMENTAL WORK
2.1. Pre-pressing:
The aim of pre-pressing is to prepare U0 2 slugs from
natural UO2 powder. The equipment and tools required for prepressing are; press (the used press is Komage K-6) , prepressing punch and die, the main container for the asreceived UO2 powder, stainless steel container, A glove box
for UO2 powder handling, a 25 Kg capacity balance, with lg
sensitivity, a high precision balance with lOOg capacity and
sensitivity of 0.1 g, stainless steel trays for UO2 slugs,
vernier caliper 0-200 mm and ceramic grade UO2 powder.
According to Candu-fuel criteria the density of the slugs
should be in the range of 5.2 g/cm3The considered parameters to be checked and adjusted are
pre-press punch type, die type, fill position or depth, press
settings (die travel, top punch travel and final pellet
length) and the pressure relief valve (no. of turns from
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closed position).
The date of operation, the operator's name and also all
control settings on press control panel should be recorded.
Approximately 0.8 kg of ceramic grade U0a powder are used
for pre-pressing into slugs according to the manufacturing
instruction no. MI-110, inspected and tested according to the
Inspection and Test Plan and Qualification Plan.
U0 2 powder was pre-pressed at a moulding pressure of 30
kN. The slugs were crushed and the desired particle fraction
was obtained by passing the crushed slugs through a sieve of
10-12 mesh size.
Zinc stereate was added to the granulates (0.02 wt%) and
then blended in a V-blender
for 15 min. After that, the
blended granulates pressed to produce the green pellets.
The process steps will be deemed acceptable if there is
visually consistent and the density of the slugs within the
specification
range. Proceed
to granulation
step if
compliance for pre-pressing met.

2.2.
The blended UO2 granules are transferred to the press and
feed into the die. The press has the following technical
specifications; Moulding pressure up to 50 kN, withdrawal
pressure up to 30 kN, feed depth of 50 mm, 10-60 strokes per
min. The effect of the filling depth, moulding pressure and
the withdrawal pressure on the green pellets's density was
studied. The studied moulding pressure, withdrawal pressure
and filling depth ranged from 30 to 50 kN, 20 to 30 kN and 18
to 20 mm, respectively. Two dies were used. The first, 25 mm
diameter, used in the pre-pressing stage (to produce slugs),
the other (15.25 mm diameter) in the final pressing (to
U02

produce green pellets for sintering).
100% visual inspection on pellets was carried out. Samples
were taken for geometric density and pellet dimension
measurements. The pelleting process shall be considered
acceptable if the pellets criteria are satisfied. Otherwise
appropriate measures are to be taken before proceeding to
next step in the qualification process.

2.3. Sintering:
The green pellets are loaded into molybdenum sintering
boats and sintered in the furnace, according to the
manufacturing instruction MI-140. Quality inspection of
sintered pellets are carried out according to Quality
Inspection Instruction QII-140. The experimental arrangement
for the sintering process is presented in Fig. (1) . It
consists of a sintering furnace (Heraus type, Germany),
maximum temperature is 1800 ± 20 °C, power supply, alumina
working tube with connections and thermocouple (Tungsten /
Rhenium) for measuring the sample at the middle of the
heating zone, a pressure gauge with a valve for evacuating
the tube, two check valves, two flowmeters (one for the
hydrogen gas stream to protect the heating elements the other
one to control the reducing gas stream), four gas-washing
bottles to control the outlet gas and six valves for the
contribution of the desired gases.
The working alumina tube was purged with argon stream
for 30 min. followed by evacuating for 15 min. The heating
element was also purged with hydrogen gas for at least 30
min. The flow rate of hydrogen gas was adjusted at (500
mL/min) for the reducing stream gas and at lL/min for the
protection stream gas.
The furnace was heated up to the desired

sintering

temperature (the studied sintering temperature was 1600, 1650
U03
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(1): Arrangement for the sintering of pellets.

and 1700 ± 20°C) at heating rate of 5 °C/min. , then held for
2 hours. The furnace was cooled at a cooling rate of 5°C/min.
down to 600 °C and then naturally cooled to the room
temperature.
2.4.Microatructural

examinations:

Samples for microstructural examinations are taken. A
longitudinal cross section on the diameter of the pellet, was
prepared and examined in accordance with the procedure
described in technical specification. The microstructural
examinations should indicate, no visible boundaries of
granules persisting from the powder and an average grain size
between 5 and 30 microns.
The mean grain size was measured by applying optical
techniques to polished sections of the sintered UO2 pellets.
The mounted pellets polished using SiC-base paper followed by
diamond-base baste. The polished pellets were cleaned using
ethyl alcohol and then etched. The mean grain size were
measured using an image analysis system, a semi-automatic and
computerized data evaluation system (Zeiss, Morphomat 10,
Germany). The grain size and pore size measured by following
the boundaries of each one with the attached electronic pen.
The grain size was measured at five positions on the
sections; approximately at the center, at two positions along
a line through the center normal to the longitudinal axis,
not less than one third of the pellet diameter from the
center and at two positions along the longitudinal axis of
the pellet, not less than one third of the pellet height from
the center. The mean grain size of the pellet is the average
of the measured grain size at those five positions.
2.5. Determination of the 0/13 ratio of U03
To determine the 0/U ratio a sample of 5-10 g U0 2 powder
or pellet material (sintered pellets must be cracked into
U05

small pieces) is weighed to the nearest 0.01 mg into the
platinum crucible. The sample is heated at 470 ± 25 °C for
two hours and then fired at 900 ± 20 °C for another two
hours. The crucible is cooled in a desiccator at room
temperature and the weight of U3OB is determined to the
nearest 0.1 mg. The 0/U ratio for U0 2 powder or pellets is
calculated according to the following equation:
O/U=

dry weight of the sample Vfd (UO,.r)
/ . L , -• . _ . —
; \>
7- - -yVf^-v 17.54168-14.87499
weight of the ignited sample Wt (C/3O8)

RESULTS AND DISCUSSION

Figure (2) shows the optical image of the sintered U0 2
pellets (sintered at 1700°C for 2 hours). This figure showed
that the cylindrical surface of the sintered pellets are free
from the chips, pits and surface cracks. It is also observed
that on circumferential surface few pellets (for example
pellet no. 2 from the right hand side) had chips. These chips
were within the required specifications (chips were less than
0.1 deep and not located wholly within 0.5 mm of pellet
corner). This figure indicated that the sintered pellets at
1700 °C were visually consistent within the specification
requirement.
3.1. Pelleting
Four experiments were carried out to study the effect of
the pressing parameters (filling depth, lower scale, pressing
time, ejection time, speed of press and load scale) on the
sintered pellets properties.
The time of pressing and
ejection was studied. It was found that the pressing time of
4 sec and rejection time of 4 sec are resulted in getting
withstand green and sintered pellets. The filling depth was
calibrated to get a green pellet with 20 mm length. The
U06

Fig. (2): The optical image of the sintered UO, pellets
(sintered at 1700°C for 2 hours).
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satisfied this requirement.
The effect of pressing force on the diameter of sintered
pellets was investigated. A load scale of 7, 7.25, 7.75 and
11 mm giving a pressing force of 46±1, 46±1, 47±1 and 50±l
KN, respectively on the pressing force gauge was studied. The
green density and the diameter and sintered density of the
sintered pellets pressed at these four pressing force are
plotted in Figs. 3, 4, 5 and 6, respectively. From these
figures revealed that to get sintered pellets with acceptable
sintered density (not less than 5.2 g/cm 3 ), the density of
the green pellets should not be less than 5.2 g/cm3.
Figures 3 (a) , 4(a), 5(a) and 6 (a) revealed that increasing
the pressing force resulted in getting sintered pellets with
diameters consistent within the qualification requirement.
These figures also showed that a pressing force of 50±l KN
satisfied the qualification requirement (the sintered pellet
diameter not less than 12.15 m m ) .
The average grain size of these four runs are presented in
Table (2). This table indicated that the average grain size
of the sintered pellets (sintered at 1650°C for 2 hours) are
fulfilling the qualification requirement with respect to the
grain size, i.e. the grain size does not depend on the
pressing force (within the studied pressing force).
3.2. Sintering
Green pellets were sintered at 1700°C and 1650°C for 2
hours. The average sintered density was in the range of 10.7
± 0.15 g/cm3 and 10.69 ±0.5 g/cm3, respectively. The grains
of the sintered pellets sintered at 1700°C and 1650°C for 2
hours are shown in Fig. 7 (a) and 7 (b) , respectively. The
average grain size of these two sintering temperature was

Table (2) : Grain size of the sintered pellets (sintering temperature 1650°C, sintering
tisae a 2 hours)

A

B

C

D

Pellet No.

Pellet No.

Pellet No.

Pellet No.

Run No.

Grain size (/xm)
M l (jim)
M2

(/zm)

M3 (jim)
M4

(^us)

M5

(/m)

Average (/-tin)

1

2

1

2

1

2

3

4

1

2

3

4

10.43
9.9
9.3
10.8
10.42
10.17

10.43
9.7
10.43
10.61
9.88
10.20

10.10
9.63
9.2
8.2
10.3
9.49

10.72
11.01
10.18
10.12
10.63
10.5

8.54
7.75
8.6
8.2
8.6
8.34

8.97
8.6
7.5
7.8
7.9
8.2

9.3
8.43
8.3
8.3
8.1
8.48

8.5
7.9
8.1
8.2
8 .9
8.32

5.69

15.2

13 .6

10.7

6.9

14.78

14.9

10.98

7.1

15.9

13 .2

12.2

7.35

14.37

14.2

12.3

6.1

14 .31

14.6

11.4

6.55

14 .91

14 .1 11.59

Ml and M2 the grain size at two positions along the longitudinal axis of the pellet, not less
than one third of the pellet height from the center.
M3 and M4

the grain size at two positions along a line through the center normal to the
longitudinal axis, not less than one third of the pellet diameter from the center.

M5

the grain size approximately at the center
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Fig (7): The grains of the sintered pellets sintered at 1700 °C (a) and
1650 °C(b) for 2 hours.

<5[im and 10.17 /zm, respectively. The top, middle and bottom
diameters of the sintered pellets sintered at 1700°C for 2
hours are plotted in Fig. (8) . Figure (8) showed that the
measured diameters of the sintered pellets are not consistent
within the required diameter and the middle diameter is the
smallest diameter. Also the density of the sintered pellets
at 1700°C is fulfilling the qualification
requirement
(density not less than 10.45), these sintered pellets could
not be accepted because the average grain size and the
diameter are less than the required values (average grain
size range should be 5 - 30^im and the less allowable diameter
12.15 m m ) . While the sintered pellets (sintered at 1650°C)
are consistent within the sintered density and grain size
requirements, they are not accepted because their diameter
were less than the minimum allowable diameter. For this
reason the sintering temperature should not be higher than
1650°c for 2 hours and the pressing parameters should be
investigated to get sintered pellets with the allowable
diameter.
CONCLUSIONS
It could be concluded that:
1- the manufacturing conditions for producing UO 2 pellets
satisfying the qualification requirements are;
(a) pelleting conditions:
Filling depth = 4.8 cm on the filling depth scale
The pressing time = 4 sec.
The rejection time = 4 sec.
The pressing force = 50±l KN.
(b) Sintering conditions:
Sintering temperature = 1650°C
Sintering time = 2 hours
Heating rate = 300°C/h.
Cooling rate = 300 °C/h.
Hydrogen flowrate = 500 ml/min.
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Fig. (8): The diameters of the sintered pellets sintered at 1700 C for 2 hours.
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(2) To qualify the sintered UO 2 pellets the following
procedure should be followed:
(a) Measuring the green density (100% inspection). The
density should not be less than 5.2 g/cm3.
(b) measuring the middle diameter of the sintered pellets
(100% inspection). If it higher than or equal 12.15 mm,
the pellet will be accepted otherwise it should be
rejected. If the middle diameter adopted the diameter
requirement, measure the top and the bottom pellet
diameters.
(c) Calculate the sintered density (100% inspection). If the
density is less than 10.45 g/cm3, the pellet should be
rejected.
(d) Measure the average grain size of the sintered pellets
(10% inspection). The selected pellets for measuring the
average grain size should be from different positions in
the heating zone. If it is not in the range of 5-30 /xm,
the run should be rejected.
(d) Investigate the sintered pellets visually to determine
the no. of the chips and pits and their distribution on
the cylindrical and circumferential surfaces and the
depth of these pits.
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ABSTRACT
A new technique has been carried out to coat the inner
surface of Zircaloy-4 tubes with pyrolytic carbon in a
relatively low temperature range (250-450°C). The coating gas
was a mixture of commercial butane at a flow rate of 50 and
90 cm3/niin as a source for carbon and argon at a constant
flow rate of 60 cm3/mi.n as a carrier gas. The possible
changes in the ductility and strength of these coated tubes
were investigated. The coating surface after applying the
tensile tests was also investigated by the SEM. The results
indicated that the coating process has insignificant effects
on the mechanical properties of the coated tubes. The SEM
investigation showed that the microstructure of the deposited
pyrolytic carbon is granular. Also, the cracking of this
deposited layer under the tensile tests was intergranular.
The cracking width increased by increasing the coating
thickness.
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INTRODUCTION
The developments in the design of nuclear reactor fuels
led to the economical production of electric energy by means
of controlled nuclear fission. In practice, two types of
nuclear fuels have been in use in the nuclear reactors,
namely the metallic and ceramic ones. Metallic fuels are
uranium metal and uranium alloys, while ceramic fuels are
U0 2 , UC, or UC2, and mixed oxides (U02 + ThO2) .
The fuel material is entirely enclosed in cladding tubes.
The main function of the cladding is to maintain a barrier
between the fuel and fission products on one side and the
coolant on the other side. It, also, maintains the shape and
geometry of the fuel element and conducts the liberated heat
due to fission to the coolant. Due to the nuclear safety
regulations and the significant economic penalties, great
attention has been paid to minimize the failure probability
rate of fuel element cladding.
Nuclear fuel elements used in commercial
reactors
(pressurized heavy water reactors, PHWRs, boiling water
reactors, BWRs, and pressurized water reactors, PWRs) are
composed, mainly, of uranium dioxide (U02) pellets in
Zircaloy (Zry) cladding. Some of the fuel elements are
subjected to failure which have been attributed to the
pellet-clad-interaction (PCI). The cladding failures are
usually tight cracks, located at position of pellet-pellet
interface and they are mainly due to cladding stress
corrosion cracking (SCO and liquid metal embrittlement
(LME)(1-3).
During a power ramp, U0 2 pellets expand producing hoop
tensile stresses in the cladding, and at the same time the
aggressive corrosive fission products are released from the
pellets. The impact of the tensile hoop stress and corrosive
environment is believed to cause the SCC. To increase the

life time of the fuel elements in the Canadian deuterium
uranium reactors (CANDU) during power ramping, a graphite
coating of the inner surface of the Zry-cladding has been
adopted and known as the CANLUB(4'5). Graphite is not only an
excellent lubricating material, but it can, also, withstand
severe radiations from nuclear fuel or radioactive waste up
to fairly high temperatures in dry low oxygen potential
environment such as existing at U0 2 - Zry interface (6-7'8) .
In this investigation, a new technique has been carried
out to coat the inner surface of Zry-4 tubes with pyrolytic
carbon in a relatively low temperature range (250-450°C). The
coating gas was a mixture of commercial butane as a source
for carbon, and argon as a carrier gas. The possible changes
in some of the mechanical properties of these coated tubes
were investigated at room temperature. Also, the effect of
tensile stresses on the cracking of this deposited coat is an
additional aim for this investigation.

EXPERIMENTAL WORK
Materials
In this investigation Zircaloy-4 tubes (15 mm outside
diameter, 0.5 mm wall thickness and an average grain size of
12/im) provided by the Atomic Energy of Canada Limited (AECL)
were used. The chemical composition of the used Zircaloy-4
tubes is given in Table 1. The coating gas mixture was
composed of commercial butane (93% butane and 7% propane, by
volume) and argon (99.99% purity). Butane was used as a
source for carbon, whereas the argon served as the carrier
gas. Pyrogallol powder was used as an oxygen trap while
calcium chloride acted to reduce the moisture content in the
flowing gases. Details of the coating process are described
else where'9' .

1*21

The experimental procedure included the systematic
variation of the coating temperature (250-450°C), coating
time (30-90 min), and the hydrocarbon flow rate (50-90
cmVmin) at a pressure slightly above the atmospheric
pressure (about 1.2 bars). In all experiments the argon flow
rate was kept nearly constant (60 cm3/min)(10) .

Table It Chemical composition of the used Zircaloy-4
tubes(10).

Element

Sn

wt%

1.2-1.7

Fe

Cr

0.18-0.24 0.07-0.13

Ni

Zr

0.0004

balance

Testing procedures
Tensile Tests and Microhardness Measurements
In order to evaluate the effect of the coating process on
the mechanical properties of the coated tubes, tensile
specimens have been prepared from the coated tubes. Tensile
testing machine of type MP-0.5-1 was used at a strain rate of
€ = 2.2xlO'3s"1. All tests were carried out at room
temperature ( 27°C). The microhardness across the tube wall
of the coated and bare samples were measured using
microhardness tester (Schimatzu-V type) with a load of 100 g,
applied for a time of 10 sec. The tested tube had been
mounted
and
polished
carefully
before
testing.
The
microhardness indentations were done in different directions
and the average of three measurements was taken.
Microstructure of the Deposited Carbon Coat
The microstructure of deposited pyrolytic carbon coat and
the tensile tested coated tubes surfaces were investigated
1*22

using the scanning electron microscope (Schimatzu-V type).

RESULTS AND DISCUSSION
1. Mechanical Properties
1.1. Tensile Testing and Microhardness Measurements
Tensile testing and microhardness measurements of bare
annealed, and coated Zry-4 tubes have been used to identify
the possible mechanical changes due to the coating process.
The UTS values were 620 and 605 MPa, for bare samples and
coated samples for 30 min at 250°C, respectively while it was
550 MPa for samples coated for 60 min at 400 °C. At 450°C The
UTS dropped remarkably to, only, 450 MPa for samples coated
also for 60 min. The % elongation of the bare samples was
6.5. The % elongation of the tested samples, coated for 30
min showed also, no remarkable change up to 400°C. Increasing
the coating time to 60 min, in the coating temperature range
250-400°C resulted in an increase in the % elongation of the
specimen from 8.5 to 13. Coating for longer periods (90 min)
at 450°C resulted in a noticeable increase in the %
elongation of the samples which was
17. Figures 1 and 2
display the ultimate tensile strength (UTS) and the %
elongation of Zry-4 tubes with different coating and
annealing conditions, respectively*10' . It is clear from these
two figures that the annealed and the coated specimens have
nearly identical strength and ductility as long as the
temperature and the time were the same.
The variation in the mechanical properties of Zircaloy-4
has been reported by Abdelazim(11) where the UTS decreased
from 500 MPa at 500°C to 416 MPa at 600°C. The elongation,
also, increased from 17 to 25% over that temperature range.
These changes are attributed to the annealing process
associated with the decrease of cold work and residual
stresses.
U23
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The results of the microhardness test for the blank and
coated Zry-4 tubes at 400 and 450°C showed that the Vickers
Hardness Number
(VHN) has slightly changed over the
temperature range of the study after the coating process.
Generally, the VHN is highest relatively near the surface of
the tube than at its mid. However, due to the annealing
effect during the coating process, the VHN profile became
more uniform across the tube thickness. The minimum of VHN
was 210 and the maximum was 245 for the blank tube. For tubes
coated at 400°C, for 45 min at a butane flow rate of 50
cmVmin, the minimum VHN was 200 and the maximum was 220,
whereas tube samples coated at 450°C, for the same conditions
of coating time and hydrocarbon concentration, the minimum
and the maximum VHN were 190 and 208, respectively(10) .
It appears from the results of the UTS, percent elongation
and microhardness measurements on the coated and blank tubes,
that the coating process has not significantly changed. In
fact these results indicated that no hydride formation for
Zry-4 tubes during the coating process, which otherwise,
could have led to higher microhardness(12) .

Micros trueture of Pyrolytic Carbon Coating
The scanning electron microscope examination was used to
investigate the microstructure of pyrolytic carbon coating.
Figure 3-b shows the micrograph of the deposited carbon at
coating temperature of 450°C for coating time of 60 min and
a butane flow of 90 cm3/min, compared to the blank tube
surface (Fig. 3-a).
The
extremely
slow
carbon
deposition
rates
are
characterized
by
a
laminar,
isotropic
or
granular
microstructures, depending on the deposition temperature and
the
hydrocarbon
used(13~15) .
the
evaluation
of
the
microstructure of the extremely thin coatings was beyond the
U25
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Fig. (3): SEN! surface micrographs, (a) uncoated Zry-4 tube
(b) Zry-4 tube coated at 450°C for 60 min and 90
butane flow.

scope of this study.
The SEM investigation of the tensile coated specimen at
butane flow rate of 90 cmVmin, argon gas flow rate of 60
cm3/min for coating times of 45, 60 and 90 min at 450°C is
shown in the photomicrographs in Figs. 4-6. It is clear from
Figs. 4-6 that the cracking in the deposited pyrolytic carbon
layer is intergranular. It is clear, also, that the width of
these cracks is greater in the specimens having a coating
time of 90 min than in the specimens having coating times of
45, and 60 min at the same temperature and gases flow rates.
In another word, the cracking width increased by increasing
the deposition density as it was proportional to the
deposition time in the studied range.
The strain of the tensile specimens coated at a butane
flow rate of 90 cm3/min coated for 90 min at 450°C was higher
(~17%) and the UTS is lower 400 MPa than those specimens at
the same testing gas flow rates and temperature but at a
shorter coating time. For example the strain of the tensile
coated specimens at a coating time of 45 and 60 min were 14
and 15%, respectively. Since the as received tubes possess
high degree of cold work it seems that increasing the coating
time reduces the cold work, increases the ductility of the
tested tensile tubes and in turn increases the cracking width
of the coat. The same cracking trend was observed in the
tensile specimens coated at 400°C.
Sharkawy et al.(16) reported that, for tensile Zry-2 sheets
coated by colloidal graphite in isopropanol, the transverse
cracking propensity increased by increasing the strain from
5-10%. Also, that cracking propensity increased by increasing
the graphite thickness from 2-12 fim. Spallation of the
graphite layer was noted for those specimens. It should be
mentioned here that in all the tests carried out in the
present work, where the pyrolytic carbon was deposited on the
inner surface of Zry-4 tubes, no spallation has been noted
U21

(b)

(a)

(O

(d)

Fig. (4): SEM photomicrographs for the tensile coated Zry-4
specimen (a) and (b) near the fracture surface and
(c and d) along the gauge length.
Butane flow rate = 90cm3/min, coating time=90 min,
T = 450°C, UTS = 400 MPa and e = 17%.
1*28

(a)

(b)

(c)
Fig. (5): SEM photomicrographs for the
specimen (a) and (b) near the
(c ) along the gauge length.
Butane flow rate =90cm'/min,
T = 450°C, UTS = 400 MPa and

tensile coated Zry-4
fracture surface and
coating time = 90 m m ,
e = 15%.

(a)

(b)

(c)

(6) .- SEM photomicrographs for the tensile coated Zry-4
specimen; (a) and (b) near the fracture surface
along the gauge length.
Butane flow rate = 90cm3/min, coating time=45 min,
T = 450°C, UTS = 510 MPa and e = 14%.

though the strain at failure for some tensile specimen was
about 17%. The slow deposition rate of pyrolytic carbon due
to the cracking of butane may be advantageous in this
respect. The performance of CANLUB fuel element with respect
to failure resistance was optimized with graphite coating
greater than 3/im(17) as shown in Figs. 7 and 8. Such coating
thickness was achieved in the present work at butane flow
rate of 90 cm3/min for a coating time of 90 min at 450°C. The
cracking in that layer due to straining even if it is 17%
should not be considered as a serious problem as long as that
layer remains adherent to the tube and the desired lubricant
action is still acting.
The SEM fractomicrographs of the tensile coated specimens
at 450°C for a coating time of 90 min is shown in Fig. 9. It
is clear from this figure that the fracture is ductile as it
is characterized with the common dimples. The same ductile
fractures was noted in all the investigated fracture surface
of the coated tensile specimens whether the coating process
was carried out at 450 or 400°C or even at the lowest coating
temperature of 250°C.

CONCLUSIONS
1- The microstructure of deposited carbon on Zry-4 at low
temperatures <450°C and the flow rate of commercial butane
gas of 90 cm3/roin have granular microstructure.
2- The coating process has not significantly affected the
mechanical properties of Zry-4 tubes.
3- The cracking of the deposited pyrolytic carbon layer under
tensile tests is intergranular and the cracks-width
increases by increasing the coating time (thickness of the
coating).
4- The coating process did not change the fracture type of
Zry-4 under tensile tests and it was ductile fracture.
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Fig.

9 : SEM photomicrographs for the ductile fracture
surface for Zry-4 specimen.
Butane flow rate = 90cm3/min, coating time = 45 min,
T = 450°C, UTS = 510 MPa and e = 14%.
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RADIOACTIVITY AND URANIUM
POTENTIALITIES OF WADI HAMMAD AREA,
NORTH EASTERN DESERT, EGYPT
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ABSTRACT
Late Proterozoic, Pan-African rocks exposed at Wadi Hammad area are
represented by metamorphosed and unmetamorphosed sediments and volcanics,
in addition to different types of intrusive rocks. Systematic radiometric survey
was conducted at Wadi Hammad area to study the distribution of its
radioactivity and its uranium potentialities. Statistical analyses of the collected
field data indicate that, the high levels of y-radioactivity are linked to the
younger granites compared with the other rock types. The three types of younger
granites recorded in the area namely: porphyritc granites, biotite granites and
perthitic leucogranites differ among each other in their ground radioactivity. The
increase in ground y-radioactivity from the porphyritic to biotite granites to
perthitic leucogranites is mainly corresponding to the increase in their uranium
contents.
Four radioactive anomalies were discovered in the younger granites of the
area of Wadi Hammad. The genetic relation between certain sets of fractures
and the distribution of y-radioactivity in Gabal El Guluf granites indicate that
the locations of anomalous radioactivity are structurally controlled by joint sets
mostly trending N-S, NNE-SSW and NNW-SSE. The presence of intensive
hematitization, episyenitization, red and milky silica veins, aplites and pegmatite
veins reveal the presence of hydrothermal activities along these fractures. It is
worth to mention that, the presence of episyenitized zone associated with one of
the radioactive anomaly, represents a good indication for the possibility of
hosting uranium deposits in deeper horizons. Moreover, the presence of high
background of uranium in the perthitic leucogranites increases the possibility of
concentration of this uranium by leaching from these enriched granites.
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INTRODUCTION
Wadi Hammad area represents the southern part of W. Abu Guluf topographic
sheet in the north Eastern Desert. It is delimited by latitudes 26°58' and 27° 10' N , and
longitudes 32°50' and 33°02'E and lies to the west of both G. Gattar and G. Dokhan
massives. The area is occupied by Late Proterozoic to Early Paleozoic basement rocks
and overlain from the west by sandstones of Nubian facies of Phanerozoic age (Fig. 1).
The area is known by its famous lead mineralization encountered at the eastern side of
W. Hammad, at the contact between Dokhan volcanics and the porphyritic pink
granites''). Recently, the area was studied(2) geologically, structurally and
radiometrically in details^).
The study area includes the following rock units, arranged from the older to the
younger, according to the classification of El RamlyW
(younger) Phanerozoic

600 m.y or less

Nubia Sandstones
„ unconformity
Post granitic dykes
Younger Granites (G2)
Hammamat sediments
unconformity
Dokhan Volcanics
unconformity
—~—-—

(Older)

Older Granitoids (Gi)
Metagabbro- diorite complex
Metasediments-metavolcanics association.

The present work is the result of the radiometric survey that have been
conducted by the authors as a trial to evaluate the potentialities of the area from the
radiometric point of view. It also throws some lights on the distribution of uranium in
the different types of younger granites present in the area as well as to deduce the
relation between the various structural trends and the distribution of radioactivity in the
area of study.
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FIELD PROCEDURES
The radiometric survey of the rocks of W. Hammad area was carried out by
means of portable GR-110 y-ray Scintillation Detector S. No. 24163. Before the
performance of the field measurements the portable y-detector was calibrated by using
the calibration pads and the Gad-6 spectral y-detector for comparison. By this
calibration, all the measurements recorded in the field in terms of counts per second
(C.PS) were converted to the International Unit of measurements known as "Unit of
Radioelement Content", simply denoted as Ur(^ anc* 6) Field measurements were
^ collected along more or less regular grid pattern. The grid points spacing is about 400 m
apart through out the hole area which is convenient to the scale of the aerial photos and
the geological map, in order to make an easily matching between the geologic features
and the radioactivity distribution. During the radiometric survey of the granitic rocks,
which is an interesting target for localization of radioactive anomalies, a grid pattern of
about 50-100 m apart is used especially at the highly altered zones. This survey ended
with the discovery of four radioactive anomalies recorded in the younger granites.

RADIOACTIVITY OF VVADI HAMMAD ROCK UNITS
The most favourable environment for the discovery of new uranium provinces
and major uranium deposits are considered to be the intracratonic sediments,
intermountaneous basins in uranium provinces, particulary if these are associated with
acid igneous intrusive or eruptive rocks(^). The measurements of y-radioactivity over
these rocks show that there is a coherent relation between the lithology and their
y-radioactivity even if the variation in lithology is insensible. This is generally due to the
variation in radioelement content of these rocks (U, Th and K).
The radioactivity distribution, as shown in the radiometric map of Wadi
Hammad area Fig. (2), shows variations according to the type and composition of the
exposed rock units. The ranges of the normal radioactivity of the different rock types
are summarized in Table (1) and graphically represented in Fig. (3) for comparison. The
histogram showing the distribution of normal radioactivity of the dyke rocks is shown in
Fig. (4).
Statistical analysis of the collected data is carried out to determine the mean
value (X) ( Fig. 5).
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Table ( 1 ): Ranges of normal radioactivity of the different rock units,
W.Hammad area.
^'''':':0^'iJ:3lta^ibactivity:;iri;IJr-

Rock types;
1- Metasediment-metavolcanic

^Maximtun i; Arithmetic mean
8.00

24.80

12.70

2- Metagabbro-diorite complex

6.20

31.10

15.60

3- Older Granitoids

9.30

34.20

19.50

4- Dokhan Volcanics

9.50

37.30

18.40

5- Hammamat Sediments

9.50

31.00

17.50

a) Porphyritic granites

13.50

39.10

28.60

b) Biotite granites

15.60

46.60

30.40

c) Pcrthitic leucogranites

28.00

108.70

68.20

a) Acidic dykes

11.00

55.90

31.40

b) Intermediate dykes

9.30

34.20

18.30

c) Basic dykes

7.30

28.50

14.20

8- Pegmatites

75.10

59.10

30.90

9- Aplites

24.30

75.10

48.10

10- Quartz veins

7.10

25.20

13.30

11- Nubia Sandstones

4.20

13.95

8.70

association

6- Younger Granites:

7- Dyke Rocks:

1*1*1

Fig. (3): Histogram showing the distribution of normal ground Y-radioactivity in
different rock types at Wadi Hammad area.
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RADIOACTIVE ANOMALIES IN THE AREA
The ground radiometric survey conducted at W. Hammad area resulted in the
discovery of four radioactive occurrences in the younger granites. The first one is
associated with the biotite granites, while the other three are connected to the perthitic
leucogranites of G. El Guluf mass. The following is the detailed description of these
anomalies:

Anomaly No.(l)
This radioactive anomaly is located along a small tributary branched from Wadi
Hammad at its junction with Wadi Umm Guruf, Fig. (1). The anomalous zone is
•situated in

the granites 20 m north of the contact zone between the metamorphosed

sediments and the biotite granites and associated with

the granite itself. The

radioactivity background of the granites near this location is 36 Ur, while at the
radioactive parts it reaches 175 Ur. The granites at this location is medium grained, red
to reddish brown in colour, highly episyenitized and sheared. The episyenite is of the
kaolinized type, where the voids formed by the dissolution of quartz are filled with
kaolin.
The radioactive spot is about 2m. x 2.5m and extends in NE-SW direction. A
basaltic dyke trending N45°E is present to the east of the radioactive zone, while the
sheared and anomalous fractures are directed in N25°-35°E and dipping 83°NW. The
radioactivity measurements, detailed geology and structure are shown in Figs.(6 and 7).
The radioactivity shows a slight increase after digging few centimeters to reach 190 Ur.
The analyzed grab sample collected from this location has U-content 84 ppm and
Th-content 16 ppm, while the ratio Th/U is 0.19. The uranium background of the biotite
granites in fresh samples ranges between 3-6 ppm and the thorium is from 11-16 ppm.
This indicates a sort of uranium enrichment in this location by hydrothermal solutions
near the contact with the metasediments country rocks. The extensive hematitization
may help in the adsorption of uranium from the circulating solutions. The presence of
episyenite is also an indication of the leaching carried out by those hydrothermal
solutions to the original quartz of the granites and the conversion of the feldspars into
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kaolin. The heat transferred from the intrusion of the basic dykes may help as a heat
source to increase the mobility of uranium ions until their capturing.
The analyzed samples have K content up 6.04 %, which is higher than in the
normal granites. This may be due to the ion exchange between biotite from the schists
of the metasediments and the granite magma.
This occurrence can be correlated, in its geological situation and controls, with
that of northern G. Gattar at Wadi Bali. ShalabyW discussed the presence of
episyenites associated with the uranium mineralization along Wadi Bali at the northern
part of Gabal Gattar.

He attributed the uranium mineralization to hydrothermal

solutions acting along the contact between the Hammamat sediments and the Gattarian
pink granites, and

considered the episyenitization process to be coeval with the

mineralization.

Anomaly No.(II)
This anomaly is located at the southern part of G. El Gulufperthitic granites
along

the only accessible narrow wadi traversing this granitic pluton. The anomalous

radioactive zone is restricted to small red jasperoid and microgranitic veins of 15-35 cm
in thickness. The red silica is in the form of a rim of 10 cm thick around a pegmatite
body of lm x

1.5m composed of K-feldspars quartz and muscovite (Fig.8). The silica

veins and the microgranites are trending N30°W, 75° NE. A set of highly hematitized
joints,trending N10°E, 90°, enclose the pegmatite body and its jasperoid rim. The
hematitized joints and silica veins are truncated southward by a N50°E, 84° NW dextral
strike-slip fault running through the main wadi.
The radioactivity background of the normal granites at this location is 45 Ur, but
at the anomalous part it reaches up to 450 Ur, (Fig. 9). The uranium content of the
analyzed sample of this location is 116 ppm and the thorium content is 76 ppm and the
Th/U ratio is 0.65, while the U- background in the fresh granites is about 13 ppm and
thorium content reaches 33 ppm. Generally, the granites at this location are
characterized by their reddish pink colour, medium grained, massive and are blocky
jointed.
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Anomaly No.(Ill)
This anomaly is located some 1.5 to 2 Km east of anomaly no.II and is restricted
along hematitized aplite dyke of about 50 cm thickness. The dyke strikes N65° E and
dips 77° NW. This dyke is associated with a pegmatite body at its hanging wall. The
pegmatite body is enclosed between two master joints N10°E, 15° WNW and N25°W,
47° NE. The background radioactivity of the granites is 40 Ur and the aplite dyke 190
Ur (Figs. 10 and 11).

Anomaly No.(lV)
This anomaly is located at the central peripheral part of G. El Guluf pluton. The
anomalous radioactive zone lies at the southern wall of a major dextral fault striking
N60°E. The anomaly is confined to a highly hematitized granite zone and is enclosed
between a jasper vein of about 30-50 cm in thickness directed N20°E, dips 75°WNW,
and a major fracture striking N5°W, 65° WSW. Near this location, numerous quartz
veins, directed N-S and dipping 78°W, occupy a zone of 1 m thickness and run to a
length of about 45 m (Fig. 12). The y-radioactivity in the normal granites at this location
is 49 Ur, while the radioactive zone gave 175 Ur (Fig. 13).

DISCUSSION AND CONCLUSIONS
From the field radiometric survey measurements, the statistical treatments of the
data and the distribution of radioactivity values shown on the radiometric map (Fig.4), it
is clear that the granitic rocks possess the highest level of y-radioactivity among the
various rock types cropping out in the study area.
It is worth to mention that the y-radioactivity of the basement rocks increases
with the increase of differentiation of their magma, i.e. their acidity, and consequently
with

decreasing ages. This is well demonstrated by the increase of the level of

y-radioactivity from the older rocks such as metamorphosed sediments and volcanics to
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reach its maximum in the younger granitic rocks. This is accompanied by the change of
the rock composition from mafic to felsic, i.e. continentalization of the shield.
Among the various types of the younger granites, the U and Th content
increases from the (older) porphyritic granites to biotite granites and the (youngest)
perthitic leucogranites. The increase in the y-radioactivity and the U and Th content is
parallel to the line of differentiation of these granites. This is to be expected because
both U and Th are trace elements incompatible with the major rock-forming minerals.
The same conclusion was reached by Hassan and Hale(^) from their y-spectrometric
determination of eU, eTh and K in the uraniferous granites and rhyolites of DevonianCarboniferous age of southern New Brunswick in Canada.
The favourability of the radioelements to be present in these granites is a fact
controlled by the composition and fractionation of their magmas. This is expressed by
their higher radioactivity background or in uranium

content. In the illustrated

radiometric map of W. Hammad area (Fig.4), by noting the distribution of contour
values, it

is

possible to delineate the

boundary

of

the granitic plutons as the

radioactivity shows a sudden increase in values. The enrichment of uranium by
secondary processes than magmatic crystallization is usually controlled by structural
elements. In the granitic rocks, faults, fractures and joints play an important role as
they act as pathways or channels for the ascending hydrothermal solutions. Finally,
when a suitable structural trap location is reached the solution deposit its load of
mineralization. By these processes, the most important and famous vein-type uranium
deposits are formed.
In G. El Guluf granitic mass, several trends of fractures and faults were recorded
namely: NE-SW and E-W which are considered as a conjugate set of major faults
prevailing in the study area.

The zones of these faults are relatively wide and

characterized by shearing and cataclases of the granites. From the radioactivity point of
view, these faults and fractures do not show any significant increase of radioactivity
over the background values of the granites. The other trends are the NW-SE, NNWSSE, N-S and NNE-SSW, which are considered as major fractures and master joints
usually parallel or subparallel to the long axis of the pluton. They are generally termed
as longitudinal fractures and field checking proved that they are older than the E-W and
NE-SW conjugate faults. These fractures are extensively invaded by hydrothermal
solutions and the alteration effects are represented by hematitization, silicification, with

red and milky silica veins and Mn-oxides. These fractures are also intruded with aplites
as dykes and sills, in addition to pegmatite pockets and veins. All these features give a
clue in proving that these fractures were opened during or before the hydrothermal
stage of the pluton. The y-radioactivity measurements along these fractures are usually
higher twice, or more, than the background of the granites.
One of the striking features, in the distribution of y-radioactivity in G. El Guluf
perthitic leucogranite mass is the increase of y-radioactivity from the core parts towards
the outer rims of the pluton. The width of this relatively high radioactive outer rim is
estimate as 1 to 1.5 km.
The geological and structural interpretation of these radiometric subunits (the
outer and the inner parts) is that the outer rim represents the chilled margin of G. El
Guluf perthitic granite pluton and does not represent a separate phase. The fracture
density in this outer parts of the pluton is high and acts as channels for the circulating
solution to pass and concentrate. Moreover, these parts are characterized by the
abundant presence of aplite and pegmatite dykes and bosses along the peripheral zones
of the pluton.
The fine grain size of the granite itself, abundance of aplites and the
presence of hydrothermal alterations of iron oxides are the main reasons of the
increase in the y-radioactivity in this outer rim. The same is also noticed in the
longitudinal fractures of the granites in general. The radiometric map constructed from
ground survey and the detailed maps of the anomalous radioactive locations may clarify
these concepts.
The presence of intensive hematitization, episyenitization, red and milky silica
veins, aplites and pegmatite veins reveaJ the presence of hydrothermal activities along
these fractures. It is worth to mention that, the presence of episyenitized zone
associated with one of the radioactive anomaly, represents a good indication for the
possibility of hosting uranium deposits in deeper horizons. Moreover, the presence of
high background of uranium in the perthitic leucogranites increases the possibility of
concentration of this uranium by leaching from these enriched granite.s.
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SUPERGENE ALTERATION OF MAGNETITE AND PYRITE AND THE
ROLE OF THEIR ALTERATION PRODUCTS IN THE FIXATION OF
URANIUM FROM THE CIRCULATING MEDIA.
BY
M A EL GEMMIZI
Nuclear Materials A uthority
Cairo- Egypt.

ABSTRACT.
In most of the Egyptian altered radioactive granites, highly magnetic heavy
particles were found to be radioactive. They are a mixture of several iron oxide
minerals which are products of supergene alteration of the pre-existing hypogene
iron-bearing minerals especially magnetite and pyrite. The end products of this
supergene alteration are mainly hydrated iron oxide minerals limonite hematite
and geothite. During the alteration, deformation and defects in the minerals
structure took place , thereby promoting diffusion of the substitutional and
interstitial ions (uranium) to words these sites
The mechanism of the alteration of the hypogene iron-bearing minerals;
magnetite and pyrite to form the secondary minerals hematite, limonite and
geothite; the role of these minerals in fixing uranium from the ciculating media as
well as the applicability of these minerals as indicators to the radioactivity of the
host rocks were discussed.

INTRODUCTION
It is quite common that in all the altered rocks magnetite and to some extent
pyrite which are present as accessories are suffering from some degrees of
alteration. Magnetite and pyrite in the altered granite of Wadi Nugrus, El Missikat
and £1 Aradyia, Eastern Desert was found by (1 & 2) to possess several degrees of
alteration and crystal deformation. This means that both minerals are sensitive to
postdepositional environmental changes.
The granites of the present study were described as altered granites overlained
by metasediments and underlained by magmatic bodies which invaded the granites
itself by sills. This situation indicates that the rocks in question were subjected to
heat and pressure, which are the principal agents of deformation of magnetite and
pyrite. On the other hand, the radioactivity of the studied rocks was said to be
postdepositional, and is limited in those parts of the rocks that sufTer from shearing
and structural deformation, while the other parts are not radioactive i.e. the
radioactivity is not original in the rocks.
The aim of the present study is to show how the magne ; and pyrite
transformed to their alteration products ( the highly magnetic particles) and the
rule of the different stages of alterations in capturing uranium from the circulating
media.

MINERALOGICAL STUDIES
Represented samples from the altered granite of Wadi Nugrus, El Missikat, El
Aradyia, El Shallal, Oblisk, Urn Akl, El Hudi and Abu Aggad localities, Eastern
Desert, Egypt were collected, crushed and subjected to up grading by gravity
techniques using Wilfley Table. The up graded accessories were magnetically
defferntiated into different magnetic fractions from which the highly magnetic
parts were subjected to mineralogical investigations.
The highly magnetic parts were found to be composed mainly of unhederal flaky
(specular) particles and deformed cubes. Both types seem dull brown, unsorted
,sherinked and are relatively of coarser grain size than the other unaltered
magnetite, fresh pyrite and other accessories. In most cases both types are
represented by fragments. The euhederi particles are mainly pseudomorphous
geothite and Iimonite after pyrite, while those after megnetite are quite rare.

Polished surfaces of these particles were prepared,and their studies revealed that
the altered magnetite particles show different degrees of alteration. Principally the
alteration began by martitization either through the particles boundaries, through
the cracks sides or through the cubic plains (Fig.l, a &b) where martite phase
seems lighter than the magnetite phase. Martitization proceeded until the whole
particles became martite and the previously martitized areas were hydrated into
limonite or geothite (Fig. 1, c) where the black hydrated areas are confined to the
cubic plains, the first martitized zones. The hydration process proceeded until the
whole particles became hydrated; Fig. l,d shows an advanced stage of hydration.
* Polished surface studies of the pyrite particles indicated that the transformation
of pyrite to limonite and geothite was caused by two processes. The first process is
the hydration of the sherinked particles through the surface shrinks and parallel
to the particle boundaries (Fig. 2,a), where the whole particle is transformed into
the highly magnetic material (fresh pyrite is non-magnetic). Remnant of the
original pyrite was detected in some polished surface (Fig. 2,b). On the other hand,
the study of the polished surfaces of the fragmental particles after pyrite indicated
that these fragments were transformed into limonite and geothite through the
reduction of pyrite to pyrrhotite by releasing some of its sulfur content, followed by
hydration of pyrrohitite phase. Fig. 2,c shows the characteristic wavy structures of
formation of pyrrhotite (pale light), remnants of pyrite (bright light) and hydration
products (blacks).. The end product of both ways of alteration of pyrite is the
hydrated iron oxides (limonite and geothite), which are responsible for the
magnetic property of the pseudomorph.

RADIOACTIVITY STUDIES
The separated highly magnetic particles were subjected to radioactivity
measurements using different techniques for each group of samples. Those
separated from Nugrus Rock were measured by the nuclear emulsion plates (glass
slide) and found to contain up to 0.53 % eU while the non-altered magnetite and
pyrite (fresh) were not radioactive. Meanwhile, the latter particles are smaller in
particle sizes and represented by euhederal crystals. Furthermore, magnetite and
pyrite that separated from the non-radioactive parts of the succession of Nugrus
group are fresh , euhederal and with smaller particle sizes than those separated
from the radioactive units of the group (1).

(c)

(d)
Fig. I: Stages of siipergene alteration of magnetite;
a- Martitization along the cubic planes.
b- Martitization through cracks and grain boundary,
c- Completely martitized grain and beginning of hydration.
d- An advanced hydration stage.

(b)

(c)

Fig. 2: Supergene alteration of pyrite to geothite ;
a- Complete alteration(altration pattern is parallel to the grain
boundary).
b- Partial alteration to geothite with pyritic remnant,
c- Alteration of pyrrhotite after pyrite to geothite with pyritic remnants

The uranium content in the magnetite of the two plutons of El Missikat and El
Aradyia by laser

method and found to contain from 500 upto 60,000 ppm

uranium (2). She added that in some parts magnetite was enriched uranium upto
1:2143 relative to the total radioactivity of the host rock.
The radioactive measurements of the highly magnetic particles separated from
El Shallal, Oblisk,Um AkI, El Hudi and Abu Aggag was carried out using a low
background Single Channel Analyzer by which the radioactivity is expressed in
CPS in order to correlate the CPS of the total heavy accessories in the rocks
including the highly magnetic particles and count the contribution percentages of
these particles(share %) to the total radioactivity of the bulk heavy accessories.
The obtained results were correlated with the field radioactive measurements in
the aim to find out the relation between the radioactivity of the highly magnetic
particles and the field radioactivity of the rock. The results (Table 1) indicate some
parallelism between them.
Table (1) Radiometric Measurments.
Sample

El Shallal

Oblisk

Urn AkI

El Hudi

Abu Aggag

Share %

27

26

28

22

20

Field measur. (cps)

185

175

230

100

65

DISCUSSION
The processes of formation of supergene alteration and the formation of the
secondary minerals are very complicated. Several explanations have been reported
about the supergene alteration of magnetite and pyrite and the formation of
hydrated iron oxide minerals. On the basis of the results of mineralogical
investigations, the accepted explanation is discussed herein.
The oxidation of magnetite to hematite by addition of oxygen (3), causes an
increase of volume of 5.2% takes place. The altered highly magnetic particles in
investigation

are coarser than the fresh ones. Metasomatic alteration of the rocks

has resulted in much of the magnetite becoming martitized (4). The alteration of
magnetite to hematite during this process, has penetrated from the preferies of
magnetite crystals inwards along (111) plains giving partial pseudomorphism. He
added that no crystal of magnetite in such rock have escaped some degree of

martitization and in many, the replacement process is advanced and that
martitization is confined only to metasomatized granulite from Matapau.
The dynamic metamorphism is capable for producing mineral changes, thermal
energy expands the mineral lattice and promotes solid solution, Deformation
introduces defects in mineral structure, thereby promoting diffusion of
substitutional and interstitial ions towards these sites. This means that the altered
and deformed mineral lattices are ready to accommodate foreign ions (5).
The alteration of magnetite takes place by martitization and/or maghematization,
alteration of maghemite, hydration of maghemite and hematite and possibly
magnetite and formation of specularite(6). He further explained that martitization
along the cracks and inclusions represent the first stage in the oxidation of
magnetite. Martitization first takes place along the grain boundaries and may then
proceeds either zonally or along the cubic plains forming the typical
widmannstattan pattern. The process may continue until it reaches the stage where
only minute remnants of magnetite occur in a network of martite lamellas.
Maghemite is, however a metastable phase which in turn alter to hematite. This
explanation is in close resemblance with that found in the present study.
On the other hand, (4) observed crystals of pyrite which originally are
surrounded by thin crust oflimonite and contain rounded bodies of pyrrhotite.and
many of the pyrite grains in polished section to have narrow rims of hematite or
wholly replaced the hematite which is presumed to be secondary after
pyrite.Furthermore, (7) reported photomicrographs resembling those detected in
the present study especially those of alteration,by hydration and replacement of
magnetite by geothite.
Sulphide ores were found by (8) to oxidize to sulphate which are soluble in acid
solution. The surrounding carbonate rock immediately reacts with these solution to
neutralize any formed acid. Ferric iron is not soluble and is precipiteted almost as
hydrous oxides, the end product is Iimonite which fix uranium by adsorption. He
mentioned that finally divided geothite and hematite remove radioactive elements
from solution. On the other hand, (9) remarked that metamorphism causes the
breakdown of pyrite and formation of pyrrhotite which is not a primary mineral in
metamorphic rocks (10). Sulfur was released by metamorphic breakdown of
pyrite. In non-metamorphic pyrite deposit, there is a lack of pyrrhotite (11). He
added that pyrrhotite was produced, by reduction, by heating pyrite with coal i.e.
reduction.

Accordingly, it can be explained that pyrite was either broken down to form
pyrrhotite which explain the confinement of pyrrhotite to the altered fragments of
pyrite, or oxidized to sulphate followed by precipitation of hydrous ferric oxide in
the same site. The breakdown product of pyrite (pyrrhotite) was latter altered to
the hydrous iron oxides.
Collectively speaking, in the studied rocks, both magnetite and pyrite followed
different ways through their transformation to hydrous iron oxides. Both minerals
are not primarily radioactive or at least were not as radioactive as their altered
products. Meanwhile, the radioactivity of the host rocks are postdepositional
which mean that most of the radioactivity in the secondary highly magnetic
particles that separated from the studied rocks were accepted during their
formation from the primary magnetite and pyrite by alteration. Furthermore, and
according to the last finding it can be concluded that both minerals can fix
uranium from the surrounding media during their alteration.

CONCLUSION
The outcome of the present study can be summarized in the following points:
1-Magnetite and pyrite can not survive the alteration effects of the host
rocks but altered to hydrated iron oxides.
2- Uranium in the circulating media could be fixed by some way in or on
one or more stages of the alteration of magnetite and pyrite
3- The radioactivity of the alteration products of magnetite and pyrite are
in some ways comparable with the field radioactivity of the host rocks.
4- Uranium content or at least great part of it in the alteration products of
magnetite and pyrite is postdepositional and not primary in the parent minerals.
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RECOVERY OF URANIUM AND MOLYBDENUM
FROM GEBEL GATTAR GRANITES,
EASTERN DESERT, EGYPT.
N.T., El-HAZEK, M.A., MAHDY, and H.M. KAMAL.
Nuclear Materials Authority* Egypt

ABSTRACT

Uranium mineralizations are located along the faults and fracture
/.ones crossing G. Gattar granitic pluton as well as along the contact of the
granite with the Hammamat sediments. Molybdenum mineralizations are
present in the Gattar granites in more than one mode of occurrence, from
which the disseminated type is dealt with in this study.
Uranium and molybdenum were subjected to series of leaching
experiments, including acid and alkaline agitation, alkaline percolation and
acid heap leaching techniques. Recovery of uranium and molybdenum was
acliieved by anion-exchange method followed by their elution by acidified
sodium chloride. Uranium precipitation was performed in the from of
ammonium diuranate, while molybdenum was precipitated in the form of
molybdenum oxide.
A tentative flowsheet for the extraction of both uranium and
molybdenum was proposed and discussed.
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INTRODUCTION
Seven uranium occurrences have been discovered in Gebel Gattar
granite batholith (455 km2) by the Nuclear Materials Authority since 1984.
These occurrences are known as GI, Gil, GUI, GIV, GVI and GVII which
are localized in the pink or younger granites, while GV occurs in the
Hammamat sediments (Fig. 1). The latter occurs at the northern contacts
of Gebel Gattar granite along a reverse fault running ENE- WSW through
wadi Belih. The uranium occurrences of Gebel Gattar are almost
exclusively of the secondary type, and are present in a patchy form
following some fracture trends. In general, they follow NNE and NW trends
with the highest uranium concentrations at the intersection of these two
trends. Therefore, Gebel Gattar uranium mineralizations are identified as a
structurally controlled type l .
Gebel Gattar Younger granite pluton has been locally affected by a
severe post magmatic hydrothermal

alteration. The latter includes

hematitization, kaolinization, fluoritization and epidotization , beside silica
introduction along with uranium and molybdenum mineralization into
fractures -1.

Later alteration processes were superimposed

on such alteration zones such as episyenitization, carbonatization and
bleaching *.
In the present work, leaching studies were performed on two
representative samples, one from the contact zone (GV), namely sample 3,
while the other is from the vein -like zone (GI); namely sample 18. The
chemical analysis of these two samples is reported in (Table 1).
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Table ( 1 ) : Chemical Cemposilion of the Mineralized AJtered Samples
from G. Gattar
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EXPERIMENTAL
Agitation acid leaching experiments were carried out upon samples
ground to -100 mesh size, using H 2 SO 4 (50 g/L), at 1/2 solid/ liquid ratio
for 4 hours agitation time without addition of any oxidant. The same
conditions were also applied in the alkaline leaching experiments using
Na^COj or Na HCO 3 and at 6 0 ' C .
* On the other hand, the percolation leaching experiments were carried
out using a glass column of 1.5 cm diameter; 50 gram ore sample was used
in each experiment.
Three percolation

leaching experiments using sodium bicarbonate

leachant of concentrations 1,5 and 10 g/L. Bed volumes were collected
every week and its uranium content was analyzed. At the beginning of
each experiment, the packed ore was washed with distilled water for three
bed volumes to eliminate slimes which would cause flow rate problems.
The heap leaching experiment was done using a cliini bucliner of 11
cm radius in which the ore sample (4kg) of -60 mesh size was packed (6.5
cm depth).The leaching solution (1-5 g/L H 2 SO 4 ) was drained (33 ml/hr)
through a shower of 8 cm diameter (100 holes).
RESULTS AND DISCUSSION
A - Acid Aflitation Leaching ot G. Gaftar U/Mo mineralizations:
Preliminary leaching experiments have indicated that neither addition
of an oxidant or rising the leaching temperature above the room value had
any justified positive effect on either uranium or molybdenum leaching
efficiency. Therefore, in the following

experiments of acid agitation

leaching behavior of uranium and molybdenum, the effect of acid
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type and concentration, time, solid/ liquid ratio and grain size would be
studied.

a- Effect of add type and concentration :
The results showing the effects of the acid type and concentration on
U and Mo leaching efficiencies are presented in Table (2). It is clear that,
trie best leaching efficiencies of both elements were obtained with HNO3
acid.
Dissolution of uranium could be achieved by using 50 g/L HNO3 at
the experimental conditions, while only 86.6% and 92% uranium leaching
efficiency could be obtained by using 50 g/L H2SO4 HCI respectively. On
the other hand, almost complete Mo leaching was achieved by using only
25 g/L HNO3.
However, H2SO4 was preferred in this study due to its availability
and low price in the local market.
Increasing the sulfuric acid concentration from 25-75 g/L led to the
improvement of the leaching efficiency of both uranium and molybdenum
from 62.0 to 99.6% and from 63.0 to 90% respectively (Fig. 2). It is clear
that by increasing the acid concentration to 100 g/L, uranium efficiency did
not increase, while Mo leaching efficiency increased to 99.5%. The
obtained uranium leaching efficiency is similar to that obtained by Mahdy
et at..
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Table(2):

Effect of acid type on the leaching of uranium and
molybdenum using uraniferous sample (No.3) from the veinlike zone, Gebel Gattar.

Acid type
50 g/L
H,SO4
. HC1
HNO3

U. extraction
efficiencyf%

Mo. extraction
efficiency, %

86.6
92.5
99.8

82.6
93.0
99.5

Acid
consumption
g/L
14.2
15.5
20.2

By increasing the acid input, sulfuric acid consurnption steadily
increased from 14.2-72.2 g/L due to the dissolution of other gangue
constituents.
b- Effect of time :
Two series of experiments were done using 25 and 50 g/L H2 SO4
to study the effect of time on U and MO extraction efficiencies at the
mentioned experimental conditions. These series were proposed to fullfil the
reported conclusion by Mahdy ef al.>

who mentioned mat increasing the

time from 30 min. to 6 hrs improved the leaching efficiency from 10% to
70% when using 25 g/L H2SO4. In addition, this work was performed to
complete the picture about the Mo leaching efficiency under the same
experimental conditions. In this work, when extending the time from 4 to
8 hrs using 25 g/L H t SO4 as lcachant on the contact zone uranifcrous
sample, the uranium leaching efficiency was improved from 62% to 89%
(Fig. 3). Extending the leaching time to 12 hrs did not improve the uranium
leaching efficiency beyond this value. On the other hand, Mo leaching
efficiency increased from 63% to 83% by increasing the agitation time from
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4 to 12 hrs respectively. The acid consumption in these experiments was
also increased from 14.2-22.5 g/L.
In the second series, sulfuric acid leaching solution of 50 g/L was
applied upon the vein - like uraniferous zone sample 18. wliile the time
was varied from 1-12 hrs. Almost complete leaching of uranium was
achieved at 12 hrs., while Mo leaching efficiency was increased from 15.2
g/L in the first hr to 43.0 g/L after 12 hrs leaching time. (Fig. 4).

c- Effect of solid /liquid ratio :
The obtained results of studying solid /liquid ratio effect on uranium
and molybdenum leaching efficiencies are plotted in (Fig. 5). By increasing
the solid/ liquid ratio from 1/1 to 1/3 the uranium leaching efficiency
increased from 65.5 - 99.5 % while the molybdenum leaching efficiency
increased from 63.0 to 88.6%. The input leaching acid ( 50 g/L) was
consumed gradually from 18.5 to 36 g/L due to the dissolution of extra
rock constituents,
d- Effect of araln size :
A number of leaching experiments were performed on different ore
grain sizes to determine the proper or optimum surface area which should
be in contact with the leaching reagent. The study of particle size effect on
uranium and molybdenum leaching efficiencies showed to what extent the
uranium minerals are locked or sealed by the gangue minerals from the
acid. The tested grain size ranges from - 100 down to - 200 mesh size. The
obtained results revealed that - 200 mesh size is the best grain size used
where it gave a uranium leaching efficiency of 95.9 % (Fig. 6).

Summing up the agitation acid leaching of G.Gattar mineralized
samples from both the contact and the vein - like zone is feasible. A
complete uranium and molybdenum leaching could be achieved using
either:
-75 g/L H2 SO4 leaching reagent on samples ground to - 100 mesh
size for 4 hrs agitation time at room temperature using solid / liquid ratio
of-J/2. However, the molybdenum leaching efficiency would be 90%.
- 50 g/L RjSO,, at room temperature at solid / liquid ratio of 1/2 for
an agitation time of 12 hrs to obtain almost complete leaching of both
uranium and molybdenum.
B- Alkaline Agitation Leachine of G.Gattar U/Mo Mineralizations:
Mahdy ef a(.. 2
efficiency

reported that only 50% uranium leaching

was achieved when using 50 g/L Na^ CO3 alkaline leaching

upon Gebel Gattar uraniferous granites. Accordingly, they concluded that
Na^CO-j and / or NaHCO3 leaching needs more careful investigation
specially at high temperature and extended time. This was the start point of
this work in addition to study the leaching properties of Mo.
Four sets of experiments were thus performed to realize these
objectives. The effect of time has been studied by using Na^ CO3 or
NaHCO3 while the effect of temperature was also studied using both
reagents.
a- Effect of time :

Fig.(7) Clarifies that the prolongation of agitation time from 4 to 8
hrs using 50 g/L Na^ CO 3 or NaHCO 3 while perfonning the leaching at
60'C, resulted in improving the uranium

leaching efficiency from 45 to

95.1 %. However, the extention of leaching time beyond that uptill 24 hrs
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decreases the uranium leaching efficiency to 50.7% This was interpreted as
due to the production of the OH ion during the Na2 CO, leaching of the
G.Gattar uraniferous raw material, a matter that would lead to partial reprecipitation of uranium

.

Incorporation of the

bicarbonate lixiviant would neutralize any OH radical. When applying the
NaHCO3 leachant and extending the time from 4-24 hrs, the uranium
leaching efficiency increased from 36% -72%.
On the other hand, the prolongation of time from 4-2,4 hrs using
either Na^ CO3 or NaHCO, at the same experimental conditions led to
increase the Mo leaching efficiency from 60.3 to 99.2% and from 47.0 to
83.2% respectively.

b- Effect of temperature :
When applying 100 g/L Na, CO3 or NaHO3 for the leaching of the
G. Gattar uraniferous granites at 4 hrs agitation leaching and fixing the
other experimental conditions except the leaching temperature, a steady
increase of both U and Mo leaching efficiency was obtained (Fig. 8).
Accordingly, it was concluded that both the extenlion of the leaching time
and raising of the temperature axe necessary for the leaching of G. Gattar
raw material.

C- Alkaline Percolation Leaching of G.Gattar U/Mo Mineralizations :

In the previous work of Mahdy ef al.,

acid percolation leaching

upon G.Gattar uraniferous granites resulted in an excellent uranium leaching
efficiency in reasonable time (5-7 days with 1-5 g/L H2 SOd respectively)
However, alkaline percolation leaching was found to be poor and did not

exceed 50% uranium leaching. The poor leaching efficiency may be due to:
1-

The relatively mild leaching efficiency of the alkaline leaching
regents.

2-

The bad packing of the ore material (200 g ore ground to -100 mesh
size and packed in 3 cm diameter glass column).

3-

The relatively short leaching time (36 days ).

4-

The possible hydrolysis of the soluble uranium complexes during the
NajCO3 percolation leaching after its dissolution due to the lack of
OHion.
In this work , three 50 g. ore portions ground to - 100 mesh size

were packed separately in 1.5 cm diameter columns and

subjected to

alkaline percolation leaching using 1.5 and 10 g/L NaHCO3 leaching
solutions. These experiments were extended for three months with a poor
down flow rate (1.65 mL/hr). The obtained results are presented in Fig.(9).
Only the uranium leaching efficiency was considered because Mo leaching
follows-Ln general-uranium leaching. From the obtained data it is clear that:
1-

The three percolation leaching experiments resulted in total uranium
dissolution.

2-

About 85, 94% and 95% uranium leaching efficiency was obtained
by using 1,5 and 10 g/L NaHCO3 respectively, after a percolation
time of 60,45 and 35 days.

D- Acid Heap Leaching of G.Gattar U/Mo mineralizations :
An acid heap leaching experiment was performed in a 11 cm radius
buchner funnel using a pile weighing 4 kg of sample 18 (vein-like zone),
showered with water for one bed volume (4 liters ). Afterwards, the heap

was sprayed regularly with 1 g/L H2SO< acid for 6 bed volumes. The
measured flow rate was found to be 100 rnl/lir. To accelerate the leaching
rate, the heap was then sprayed with 5 g/L H2 SO4 for another 6 bed
volumes. The obtained results showed that complete uranium leaching was
achieved. It is clear that when applying 1 g/L H2 S0 4 in the first 6 stages,
the uranium leaching efficiency did not exceed 48 % (10 days). However,
by increasing the acid concentration to 5 g/L H2 SO<, the uranium leaching
efficiency increased to 96% (Fig. 10) after percolation of another 3 bed
volumes (5 days).
E- Extraction of Uranium and Molybdenum from G. Gattar Mineralizations:

A pregnant liquor assaying 0.42 g U/L and 0.06 g Mo/L
was prepared and its pH was firstly adjusted with 5% NaOH
solution to 1.7 which is the optimum pH reported by El Hazek
3
M965J. Table (3) shows the analysis of the pregnant liquor that has been
passed on 10 g dry Amberlite IRA- 400 resin (packed in a glass column of
1.1 cm diameter giving a total height of 18.1 mL wet setteled resin, wsr).
A flow rate of 2.8 mL/min corresponding to a contact time of 3 min. was
used. The obtained adsorption data is plotted in Fig. (11).
From the obtained data, it is clear that the loaded uranium content
upon the used columns attains 1.18 g which corresponds to a capacity of
about 65.7 g. uranium /wsr. Referring to the resin theoretical capacity
determined by EL Hazek (1965) for Amberlite IRA - 400 resin (92.8 g
uranium / L wsr), the lower capacity of this work could be interpreted as
due to the adsorption of molybdenum which has a relatively high affimty

1475

to anion exchange resins.
In the present work, cliloride elution system was applied using IM
NaCl solution acidified with 0.15 N H,SO4. It should be emphasized that
the elution efficiency can decrease at higher chloride concentration due to
the formation of a complex of the type UO : Cr 4 .
The elution data are presented in Fig. (12). These data represent the
distribution of uranium in the eluate fraction, (15 ml), while the uranium
elution efficiency reached 95% .
It is worth to mention that the molybdenum in the pregnant solution
has also been adsorbed and eluted in much the same manner as uranium
under the same experimental conditions. This has been possible through its
sulphate complex [MoO(SO4)n)J3(B " , 4
Table (3) Chemical composition of Gebel Gattar uranifcrous granite leach
liquor
Component

Concentration
(g/L)

Fe,O,
SO4~
Mo

0.303
1.5
0.42
0.06

pH

1.7

u

F- Proposed Technical Flowsheet:
On the basis of the obtained leaching and recovery results for the
treatment of G.Gattar mineralizations a flowsheet (Fig. 13) has been
proposed for the extraction of both uranium and molybdenum elements. The
input ore material assaying 420 ppm U and 228 ppm Mo is firstly ground
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Fig. (13) : Proposed flowsheec for acid treatment of Gebel Gat t a r uranium ore material

to - 100 mesh size and leached by 75 g/L H2 SO4 in a solid / liquid ratio
of 1/2 at room temperature for 4 lirs agitation time. The obtained leach
liquor would assay 0.42 g uranium and 0.06 g Mo/L. After solid/liquid
separation and proper clarification, the liquor pH should be adjusted to 1.7
by 5% Na OH solution and allowed to pass through an anionic - exchange
resin column (Amberlite IRA - 400). Both uranium and molybdenum would
be adsorbed and resin sites of about 70 % and 30% are occupied by
uranium

and molybdenum

respectively.

Elution

of

uranium and

molybdenum could be achieved by using 1 M NaCl acidified with 0.15 N
H2 SO4. The obtained eluate should be divided to rich fraction (splite
elution ) according to their concentration. The rich fractions are directed
to the precipitation circuit where their pH would be raised to 3.5 to
precipitate the iron cake. The free -iron filtrate would then be treated with
25% NH4 OH to pH 7.5 while heating to 60'C. Ammonium diuranate
(NH4)2 U2O7 (ADU) would thus be precipitated leaving Mo soluble as
ammonium molybdate in solution.
For molybdenum recovery, it is proposed in the suggested flowsheet
to treat the uranium filtrate by a tertiary amine.
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ABSTRACT

The fluorescence of acridine yellow basic dye (2,7 dimethyl - 3,6
diamino acridinium chloride) associated with " uranium - benzoate " acido
complex has been studied in the present work in mixed solvents. The
studies for spectrofluorometric measurements of " uranium - benzoate acridinium yellow " tripe complex included : optimization of acridine
yellow basic dye and the benzoate concentrations then construction of the
uranium calibration curve. These studies proved that, uranium could be
determined fluorometrically with acridine yellow basic dye from
aconcentration of 0.05 ppm up to 4.75 ppm .
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INTRODUCTION

Since 1972 Ovsepyan et. al. had studied the influence of adding
sensitive basic dyes on " uranium - benzoate " acido complex for
spectrophotometric analysis of uranium

. The studies mainly included

the formation of triple complex systems with cationic basic dyes. The use
of acridine yellow basic dye for uranium analysis had been established
spectrophotometrically and spectrofluorometriclly in dichloroethane

(2)

and spectrophotometrically in a mixure of dichloroethane - isoamylacetate
(4:1) r ° .
The constituents of the uranyl triple complex was also defined earlier
(4) and suggested as :
[UO2(C6H5COO)3]-(C15H16N3)

+

MATERIALS, INSTRUMENTS AND EXPERIMENTS

The materials used in the present work are :
Uranyl nitrate, UO 2 ( NO3) 2 .6H 2 O ( MAY & BAKER, UK) ; sodium
benzoate C 6 H 5 COONa, ( MAY & BAKER, UK) ; Acridine yellow ( 2.7
dimethyle - 3.6 diamino acridinium yellow chloride ) MAY & BAKER,
UK) ; H 2 SO 4 and the organic solvents' "dichloroethane and
isoamylacetate" (ADWIC, EGYPT). All these materials were used without
any further purification as thay are all analytical grade reagents.
Each extraction experiment was generally carried out as follow : A
definte volume of 10' 4 M uranium * solution was mixed stiochiometrically
with both sodium benzoate and acridine yellow basic dye solutions. The
experiments were studied in dilute sulphuric acid 10~4 M (pH of the
* Uranium was suggested to be present as U O 2 2 + which is the most stable anionic
formula in solutions at room temperature and in the absence of any oxidation or
reduction effects. The molar ratios were thus suggested to be 1:3:2 for uranyl :
benzoate : acridinium yellow respectively
I481

aqueous phase ranged between 4.5 - 5.5). The changeable emission slit
width was adjusted in the present work at 5 mm which was found,
experimentally, the most suitable width for exciting uranium complex by
the used MPF-43 perkin Elemer Spectrofluorometer The instrument was
adjusted to measure and record any radiation emitted from the uranium
complex with the examined acridine yellow dye after transfered into
dichloroethane - isoamylacetate mixture (4:1).

RESULTS AND DISCUSSION

The maximum excitation and emission wavelengths for " uranium
benzoate - acridinium yellow " complex, when extracted into
dichloroethane - isoamylacetate mixture (4:1) , were measured by a
separate experiment. In this experiment the fluorescence intensities were
measured and adjusted at the same optimum conditions which were
established earlier in the case of the spectrophotometric measurements

( )

.

Figure (1) shows the most suitable excitation and emission spectra obtained
for uranium extracted with acridine yellow. The plot shows that the
maximum excitation and emission wavelengths (ex-X max. and tm-X max.)
are 450 and 490 nm respectively .
Figure (2) shows the change of the fluorescence of uranium triple
complex with changing the concentrations of sodium benzoate. The plot in
the figure shows that the maximum fluorescence of uranium complex
occurs at 5.6xl0~3M of the sodium benzoate .
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Figure (1) : The fluorescence intensity of the "uranyl - benzoate iicridinium yellow complex extracted in dichloroclhanc- isoamyl acetate
mixture (4:1) pH = 4.5 - 5.5 (in » 2 SO 4 )
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Another separate series of experiments were done for optimizing the
dye concentration for spectrofluorometric analysis of uranium complex.
The results obtained are plotted in Figure (3) . The plot gives that the
optimum concentration of the basic dye required for obtaining the
maximum fluorescence emission of uranium in the triple complex is
0.7x10"3M in the aqueouse solution before extracting uranium. Finally, a
calibration curve for spectrofluorometric analysis of uranium was
constructed using the different concentrations of uranium which were
extracted with the optimum concentrations of sodium benzoate and the dye.
Such calibration curve is given in Figure (4). From this calibration curve a
detection limit of 0.05 ppm and maximum detectable concentration of 4.75
ppm for uranium is achieved by these experiments .

SUMMARY AND CONCLUSION
A new method for estimating uranium spectrofluorometrically had
been established by the work given in the present paper whereas uranium is
coordinated with 5.6xl0"3 M ( i.e. 2ml of 0.2%) sodium benzoate to form
"Uranyl-benzoate"

acido

complex.

This

complex

associates

with

0.7 x 10° in ( i.e. 0.5 ml of 0.05% ) acridinium yellow cation to give a triple
complex stable for more than 24 hours when extracted into dichloroethaneisoamyl acetate mixture by the ratio 4:1 . the method used here is reliable
and highly competing with other methods reported earlier'21 and reduce
many experimental errors associated with the use of the other methods.
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ABSTRACT
A suite of tonalite-granodiorite and monzogranite forms a huge old granite batholith
between Qena and Safaga, Eastern Desert, Egypt. The batholith was originated from
the fractional crystallization of a peraluminous calk-alkaline magma rich in silica and
low in potassium. It is developed in an island arc tectonic setting .
The rocks forming the batholith are depleted in both U & Th elements . However a
gradual increase in these two elements from tonalite to monzogranite was observed .
Zircon and sphene are responsible for for U & Th contents in these rocks .
Rb/Sr isotopic age determination reported an age of 632.8 ± 4.6 Ma. for these old
granitoids. The low initial 87Sr / 86Sr ratio in these rocks suggested there mantle origin
or derivation from lower crustal materials with low Rb/Sr ratios and short residence in
the crust.

INTRODUCTION
Along Qena-Safaga asphaltic road, Eastern Desert of Egypt, the old granitoids form
a huge batholith covering an area of several hundreds of square kilometers (Fig. 1).
These rocks were subjected to several geologic studies; El Gaby and Habib 0 )
referred to this old granitoids as syn-to late-orogenic calc-alkaline series. Ragab (2)
considered these rocks as arc-granitoids from the protocrust of the magmatic arcs in
the pre-collision stage. Abdel-Rahman and Martin (3) and Abdel-Rahman (4)
mentioned that the old granitoids were developed from the partial melting of the
subducted oceanic crust during the early stage of the Pan-African Orogeny. Finally,
Takla, et. al. (5) suggested their formation in a volcanic-arc tectonic setting and
derived from calc-alkaline magma.
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Fig. (1): Geologic map of the area between Qena and Safaga, Eastern Desert, Egypt.
(After El-Ramly, 3972)

In this paper, the geology, petrography, geochemistry and Rb/Sr dating of the old
granite batholith outcropping along Qena-Safaga road are studied in some details to
throw light on the essential characters of these old granitoid rocks.

GEOLOGY AND PETROGRAPHY
The studied old granitoid rocks form a huge N-S elongated batholith of a relatively
high topographic relief. The batholith is acrossed by the main Qena-Safaga asphaltic
road as well as traversed by several sandy wadies and tributaries of various widths and
lengths.
1

The old granite batholith intrudes the surrounding older gneisses, migmatites,

metasediments, metavolcanics and metagabbros with sharp contacts. On the other
hand, it is intruded by some younger granite peaks (Gabal Abu Furad and Gabal Urn
Taghir El-Foqani), it is also invaded by several swarms of different dikes and veins, in
sharp contacts.
During field studies, three main rock types, tonalites, granodiorites and adamellites
can be distinguished depending on their color, visible textural relations, type and size
of the mafic xenoliths and on their mineralogicaJ composition. Tonalites are more
eroded, occasionally foliated, sometimes enclose mafic xenoliths and of grey to whitish
grey color. Granodiorites are less affected by weathering, less foliated with rounded to
subrounded mafic xenoliths and of whitish grey color. Adamellites are more resistant
to erosion, occasionally porphyritic with a few number of small sized xenoliths and of
whitish grey to pinkish grey color.
It is observed that tonalites occupy the outer zones of the studied batholith while
adamellites form its center. Granodiorites form a transitional stage between tonalites
and adamellites. The transition from one rock type to the other is gradual; where
plagioclases and mafic contents gradually decrease from tonalites towards adamellites,
while K-feldspars increase.
Generally, the old granitoid rocks are medium to coarse-grained with notable mafic
contents, occasionally porphyritic, moderately to deeply eroded with well-developed
exfoliation and of grey, whitish grey to pinkish grey color.
Microscopically, tonalites are holocrystalline with granular fabric and hypidomorphic
texture. The

rock is essentially formed of plagioclases, quartz and mafics with

subordinate potash feldspars and accessory minerals. Plagioclases form more than 50%
of the whole rock and are mainly represented by subhedral to anhedral tabular crystals
of 0.4-1.0 mm. width and 1.0-4.0mm. length. The crystals have complex twinning
according to the carlsbad, albite and pericline laws. They are occasionally zoned

indicating alteration of the more calcic core (Fig. 2). Fine crystals of microcline, albite
and quartz are enclosed in some of the plagioclase crystals. Quartz occurs as anhedral
crystals and aggregates, commonly showing wavy extinction and ranging in diameter
between 0.3-3.5 mm. Some quartz crystals are cracked filling with fine grains of
epidote and secondary quartz, while others displayed corrosive boundaries against the
other mineral phases. Mafic minerals are mainly represented by a considerable amount
of biotite and few hornblende displaying a preferred orientation. This orientation is
commonly attributed to differential rates of flow within the magma as the rock was
crystallized. Biotite is present as subhedral flakes of 0.2-0.4 mm. width and 0.5-2.0
mm. length. It is partially chloritized and occasionally exhibits pleochroic haloes due to
zircon inclusions. Hornblende occurs as few subhedral crystals of 0.2-0.3 mm. width
and 0.4-0.9 mm. length;. Most of the hornblende are connected with biotite flakes and
some of them are corroded by these flakes indicating their crystallization before biotite.
Potash feldspars occur as subordinate subhedral microcline microperthite crystals
commonly filling plagioclase interstitials. Fine albite crystals are also present but in a
few number. Albite and microcline microperthite crystals are sometimes enclosed in
large plagioclase crystals. Zircon, sphene, apatite, ilmenite, magnetite, epidote and
chlorite are the main accessory minerals.
Under the microscope, granodiorite, is holocrystalline rock with hypidomorphic
texture. It is essentially composed of plagioclases and quartz with considerable
amounts of potash feldspars and mafics. A number of accessory minerals are also
present. Plgioclases occur as subhedral to anhedral tabular crystals of 0.3-0.8 mm.
width and 0.8-3.5 mm. length. They displayed complex twinning, sometimes zoned.
The peripheries of some zoned crystals are occasionally invaded by vermicular quartz
indicating the probable formation by a replacement process in the presence of hot,
corrosive, water-rich solutions during the later stages of cooling. Potash feldspars are
present as subhedral to anhedral microcline microperthite crystals of 0.1-0.3 mm.
width and 0.3-1.0 mm. length. They usually occur as small interstitial crystals or
enclosed in plagioclases. Mafic minerals are mainly represented by appreciable amount
of biotite and minor hornblende crystals. The former is present as yellowish brown to
green flakes of 0.2-0.5 mm. width and 0.4-1.8 mm. length. Some of these flakes
enclose zircon, sphene and opaques. Hornblende forms minor subhedral prisms of 0.20.4 mm. width and 0.4-0.7 mm. length. It is usually associated with biotite flakes, and
partially altered to chlorite and sometimes to iron opaques. Bipyramidal zircon
crystals, wedge-shaped sphene crystals, tabular chlorite crystals and dispersed
muscovite flakes are the main accessories.
The microscopic studies of monzogranite show that the rock is occasionally
porphyritic with light pink potash feldspar phenocrysts sometimes up to about 3.0 cm.

Fig. (2): Alteration in the more calcic-core of plagioclase cnstal to fine mica
aggregates and zoisitc

A

Tonalitc {C.N. X 75]

10

Fig. (3): The modal Q-A-P classification of the studied tonalites (•), granodiorites
(x) and monzogranites (A). The fields: 1. tonalite; 2. granodiorite :3. monzogranite;
4,syenogranite and 5, alkali-granite are after Streckeisen (1976). Arrows show
the magmatjc differentiation trends of LameyTe and Bowdcn (1982): a, tholeiitic; b.
calc-alkaline-tonalitic (low K), c. calc-alkaline-granodioritic (medium K); d. calcalkaline-monzonitic (high K) and e, alkaline

The non-porphyritic variety is mainly composed of plagioclases, potash feldspars and
quartz with biotite as the only mafic mineral. Plagioclases occur as subhedral to
anhedral tabular crystals of 0.4-0.7 mm. width and 1.0-2.0 mm. length. They are
characterized by their complex twinning and zoning. Some crystals are intergrown with
vermicular quartz showing the myrmekitic texture. Potash feldspars are represented by
subhedral to anhedralarge microcline and orthoclase microperthite crystals of 0.3-0.5
mm. width and 0.8-2.0 mm. length. The crystals sometimes reach 3.0 cm in length in
the porphyritic variety. An intergrowth between K-feldspars and plagioclase is well
presented showing a flame perthite structure. Some K-feldspars crystals are partially
kaolinized or sericitized.Quartz occurs as anhedral crystals with common wavy
extinction and of 0.2-2.5 mm. grain diameter. It sometimes shows corrosive
boundaries against the other mineral phases. Biotite is present as subhedral plates in a
flaky form of 0.1-0.3 mm. width and 0.3-1.0 mm. length. The flakes occasionally
enclose zircon, sphene and iron opaques as inclusions. Zircon prisms, sphene wedgeshaped crystals and iron opaque grains are present as accessory minerals.
The modal composition of the studied old granitoids (Table 1) shows decreasing in
plagioclase/perthite ratio (P/A) from 15.0 in tonalites to 3.2 in granodiorites and 1.1 in
monzogranites. This indicates differentiation and change in composition of the melt as
it was crystallized (Fig. 3).

GEOCHEMISTRY OF MAJOR ELEMENTS
Eighteen samples, 6 from tonalite, 5 from granodiorite and 7 from monzogranite are
chosen for the major and trace elements analysis. XRF (Philips Spectrometer model
PW-1480) is used on fused and powder pellets for major and trace elements analysis
respectively. (Table 2) shows the result of the chemical analysis of the major oxides
and their calculated normative composition and differentiation index (DI) of Thornton
and Tuttle ( 6 ).
The variations of DI against major oxides generally show smooth trends indicating
derivation from magmatic fractionation process.
The total alkalis versus SiO2 after MacDonald and Katsura, U) and Kuno, W
indicate a subalkaline (calc-alkaline) character of these rocks (Fig. 4).
The representation of the studied samples on the Al2O3-AJk-CaO of Shand (9)
refers to peraluminous affinity of these old granitoids (Fig. 5).
The plot of the studied granitoids on R1-R2 diagram (after Batchelor & Bouden,
0 0 ) and De La Roche et al.O 0 reveals an indication of the progressive differentiation
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Fig. (4): Total alkalies-SiO2 diagram of the studied granitoids. The alkaline and calc-alkaline
fields alter MacDonald and Katsura (1964), whereas the three subfields; 1. alkalic;
2, high alumina and 3, Tholeiitic are after Kuno (1968). Symbols as in fig. (3).
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Fig. (5): Al2O3-Alk-CaO diagram of the studied granitoids. Symbols as in Fig. (3).
Shand(1951)

Table (1): Averages of the model composition of the studied old granitoids.

1

Tonalites

Granodiorites

Monzogranites

Quartz

28.7

28.1

33.4

Plagioclase

52.5

43.5

31.1

K-Feldspar

3.5

13.6

28.6

Biotite

10.1

11.0

4.5

Hornblende

2.7

0.8

Accessories

2.5

3.0

2.4

Table (2) : Major oxides (w%) of the studied old granitoids.
Oxides

Granodiorites

Tonalites

Monzogranites

Range

Av.

Range

Av.

Range

Av.

SiO 2

67.4-73.45

68.42

69.85-73.5

71.2

70.20-73.90

72.5

TiO 2

0.29-0.50

0.40

0.30-0.40

0.35

0.21-0.43

0.37

A12O3

13.8-15.4

14.58

13.46-14.25

13.8

13.17-15.11

14.2

Fe 2 O 3

0.71-1.82

1.15

0.92-1.70

1.12

0.73-1.73

1.23

FeO

0.67-2.5

1.42

0.91-2.03

1.16

0.60-1.60

1.07

MnO

0.04-0.06

0.05

0.04-0.07

0.05

0.03-0.06

0.05

MgO

1.24-2.24

1.83

1.28-2.02

1.71

0.62-1.26

0.83

CaO

3.0-4.25

3.56

2.15-3.24

2.41

1.67-2.50

1.82

Na 2 O

4.29-4.81

4.42

3.70-4.60

4.14

3.81-4.14

4.26

K2O

1.28-1.95

1.63

1.86-3.30

2.21

3.10-3.93

3.35

P2O5

0.06-0.13

0.09

0.05-0.07

0.06

0.05-0.07

0.06

L.O.I

0.41-0.72

0.57

0.37-0.69

0.52

0.57-0.39

0.43

of the parent magma and that the formation of these rocks began at the pre-coliision
stage (Fig. 6).

GEOCHEMISTRY OF TRACE ELEMENTS
The data presented in Table (3) shows the main identified trace elements (in ppm)
ami K/Rb ratios of the studied older granitoids.
The variations between trace elements and DI of the studied granitoids indicates
smooth relationships, suggesting a strong single trend of common source magma
fractionation from which these rocks were derived.
The plotting of the trace elements on Rb-Sr diagram after Coleman & Peterman,
falls within the continental trondhjemite and granophyre fields and inbetween. This
result refers to crust thickness ranges between 20 and 30 km (Fig. 7).
On SiO2-Cr diagram after Miyashiro & Shido, 0^) and on Ti-Zr diagram Pearce &
Cann, 0^), the data points of the studied rocks revealed a calc-alkaline trend.
On TiO2-Zr after Pearce, (15), the plots of the trace elements fall within the volcanic
arc field.
In using the Nb-Y and Rb-(Y+Nb) tectonic discrimination diagrams after Pearce et.
al, 0^), the plots of the studied granitoids suggested a volcanic arc tectonic setting
(Fig. 8).

GEOCHEMISTRY OF URANIUM AND THORIUM
Eighteen representative samples from the studied old granitoids were analyzed for U
& Th (Table 4). The average U & Th contents are 9 ppm U and 8.6 ppm Th in
tonalites, 13.5 ppm U and 14.2 ppm Th in granodiorites and 16.7 ppm U and 15.2 ppm
Th in monzogranites.
The relation between U and Th refers to positive relationship where the studied
samples plot between the two lines representing Th/U ratios ranging between 0.4 and
4.0 (Fig. 9).
The variation between K/Rb ratio and U for the studied granitoids revealed a negative
relationship, indicating that U and Rb behave incompatibly in the granitic melt. So Rb
and U show positive correlation controlled by magmatic fractionation.
Generally, the studied old granitoid rocks are depleted in U and Th. The low
concentrations are mainly in the accessory zircon, sphene and apatite minerals. The
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Table (3): Trace elements (ppm) of the studied old granitoids.
Elements

Tonalites

granodiorites

Monzogranites

Range

Av.

Range

Av.

Range

Av.

Ce

19-30

25

27-33

31

47-79

62

La

11-19

16

24-31

26

28-54

36

Ba

320-420

380

360-510

414

606-905

820

Pb

7-12

9

11-15

13

15-21

19

Cr

13-19

15

11-16

12.5

5.1-10

8

V

33-48

41

20-31

27

13-20

17

Zn

38-51

43

41-61

52

52-75

67

Cu

35-43

37

28-35

30

19-30

24

Ni

8-13

10

4.5-7.5

5.5

00-3.7

2.5

Co

6-11

9

4-6.4

5

00-3.8

3

U

7.6-10.2

8.5

11.3-17.3

14.2

14.4-20.3

18

Th

7.1-10.7

8.5

11.5-16.7

13.3

11.5-17.7

15.5

Rb

27.1-38.3

31

41.5-81.8

60

66-99.3

76

Sr

368-423

400

210-318

285

144-202

175

Zr

181-250

205

165-240

190

124-155

135

Nb

1.5-3.0

2.2

3.2-4.8

4

3.5-6.7

4.5

Y

6.5-12.3

9.1

8.2-13.7

11.2

6.1-11.2

7.8
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Fig. (6): R1-R2 multi-cationic discrimination diagram of the studied granitoids (Batchelor
and Bowden (1985). Symbols as in Fig. (3).
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Fig. (7): Rb-Sr diagram of the studied granitoids. Crustal thickness; >20 km. 20-30 km,
and <30 km refers to crustal thickness suggested by Condie (1973). Symbols as
in Fig. (3)
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Fig. (8): Nb-Y and Rb-(Y+Nb) discrimination diagrams of the studied granitoids (Pearce
et. al., 1984). Symbols as in Fig. (3).
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Fig. (9): Th-U variaion diagram of the studied granitoids. Symbols as in Fig. (3).
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progressive increase of the two elements (U & Th) from tonalites to monzogranites
indicates a magmatic fractionation origin for the tonalite-granodiorite-monzogranite
suite.

Rb / Sr GEOCHRONOLOGY
Isotopic measurements were made on an automated Micromass-354 mass
spectrometer at Rome University, Italy. Sr was separated by cation exchange
techniques. The isochron and age calculations were made by using written BASIC
computer program by Afifi (1987) which is based on the regression analysis by York
0 ? ) for the calculation of Rb/Sr isochrons.
Table (5) shows 6 Rb/Sr data of whole rock samples from the tonalite-granodioritemonzogranite suite. The presentation of these data on Fig.(lO) yields an age of 632.8 ±
4.6 Ma. with an initial 87Sr/ 86Sr ratio of 0.7028 + 0.0001.
It is note worthy to mention that the separated age is conformed with Rb/Sr ages of
older granitoids in the north Eastern Desert obtained by Stern and Hedge 0^). They
reported an age of 610 Ma. for the Mons Claudianus granodiorite with an initial 87Sr/
86
Sr ratio of 0.7028 + 0.0001. The same authors also reported an age of 614 Ma. for
Wadi Hawashiya granodiorite with an initial 87Sr/ 86Sr ratio of 0.7025 + 1. The
resulted low initial 87Sr/ 86Sr ratios for these granitoids are well within the range of
isotopic composition of Sr in the upper mantle. However, it is now realized that low
87
Sr/ 86Sr ratios are not unique indicators of direct derivation from the mantle, but may
be due to derivation from lower crustal materials with low Rb/Sr ratios and short time
residence in the crust (Peterman 0^); Moorbath and Taylor, (20).

CONCLUSIONS
The old granite batholith crossed by Qena-Safaga asphaltic road forms the dominant
crustal component in the northern part of the Eastern Desert of Egypt. The study of
the petrochemistry and tectonic settings within which the source magma of this
batholith evolved is important for the understanding of the geologic evaluation of the
basement.
The geologic and petrographic studies carried out on this old granite batholith
revealed that a suite of tonalite-granodiorite-monzogranite makes up the batholith. The
presence of two feldspar phases; plagioclase and K-feldspars suggests the formation of
these granitoids under subsolvus conditions.

Uo-9

Table (4): U(ppm), Th (ppm) and Th / U ratio for the studied granitoids
Tonalites

Granodiorites

S.No

1

2

3

4

5

6

7

8

9

10

11

U

7.6

8.1

8.6

10.2

9.5

10.0

11.3

14.4

12.5

17.3

11.8

Th

7.3

7.1

9.1

8.4

9.2

10.7

11.5

14.5

15.3

13.0

16.7

Th/U

0.96

1.12

1.06

0.82

0.97

1.07

1.02

1.01

1.22

0.75

1.42

Table (4): Cont.
Monzogranites
S.No

12

13

14

15

16

17

18

U

14.4

15.2

16.1

17.4

15.5

18.2

20.3

Th

14.1

17.7

14.2

15.3

16.0

11.5

17.7

Th/U

0.98

1.16

0.88

0.88

1.03

0.63

0.83

Table (5): Rb-Sr data of the studied granitoids.
87Rb/86Sr

87Sr/86Sr

(0.015)

(0.0002)

0.073

0.213

0.70484

368

0.104

0.563

0.70551

58.8

303

0.194

0.763

0.70782

Gd.4

81.9

210

0.394

1.140

0.71312

M.I

96.8

160

0.605

1.752

0.71879

M.3

92.4

144

0.642

1.861

0.71952

Rb

Sr

ppm

ppm

T.I

29.8

407

T.6

28.3

Gd.2

S.No

Rb/Sr

5OO

0.724
0.720
0-716

£ 0712
CO

in 0-708
* 0-704
0.700

0.0

CM

08

1.2

1.6

2.0

2.4

87Rb/86SiFig. (10): Rb-Sr isochron plot for the tonalite-granodiorite-monzogranite suite of
Qena-Safaga.
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Major and trace elements geochemistry studies showed the development of these
granitoids from fractional crystallization of calc-alkaline, peraluminous magma in
volcanic arc tectonic setting.
The radioactive studies revealed that the rocks of the batholith are depleted in both
U and Th elements. Gradual increase in these two elements from tonalites to
monzogranites was observed indicating a magmatic fractionation origin for these
rocks. The two elements form no minerals of there own and they would be included in
common accessory minerals; zircon, sphene and apatite.
Rb/Sr isotopic studies yielded an age of 632.8 i 4.6 Ma. for the studied old
granitoids with an initial 87Sr/ 86Sr ratio of 0.7028 ± 0.0001. This data are confirmed
with that previously yielded for the other old granites in the Northern Eastern Desert.
The low initial 87Sr/ 86Sr ratio either obtained from this study or by other authors are
also confirmed indicating the derivation of the old granites from mantle materials.
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ABSTRACT

A phosphorite occurrence belonging

to the Sudr Formation of Campanian-

Maestrichtian has been located in Taba area,Eastern Sinai,Egypt. The sedimentary
succession covering the area ranges from the Lower Cretaceous Maiha Formation up to
the Lower Eocene Thebes Formation. The phosphorites are outcroping near the top of
Sudr Formation. The latter is mainly manifested in the form of a carbonate facies of
chalky limestone with thin chert and limestone intercalations. Two phosphate beds have
been identified,namely,a lower bed of about 0.3 m thick and an upper bed of about 1.7 m
thick.
The two phosphate beds have been regularly sampled and the collected samples were
subjected to both XRD and chemical analyses for P2O5 and uranium contents.The
former indicated that the carbonate fluorapatite is the main phosphate mineral. The P2O5
and uranium contents were found to attain maximum values of 22.4% and 97 ppm
respectively.
Taba phosphorite occurrence is correlated with that of El Qaa plain, southwestern
Sinai. The two phosphate beds have been compared to those occurring in the three main
phosphate districts of Egypt, namely, the Red Sea, the Nile Valley and the Western
Desert which, belong, however to the Duwi Formation.

INTRODUCTION

The Maestrichtian rocks in Egypt show lateral variation in both facies and thickness.
Thus in the extreme south a part of the Nubia facies sandstone was considered to belong
to the Maestrichtian age (1 and 2). However in the middle latitude,these rocks are
represented by 8 to 60 m phosphate,marl-clay and oyster limestone beds (Duwi
Formation). In the north of the country i.e. at Farafra and Bahariya Oases in the Western
Desert, 10-60 m thick chalk and chalky limestone beds are exposed (3). According to
Ajfar (4) similar sections in both lithology and thickness are exposed around the Egma
plateau in the central Sinai. In southern Sinai,Youssef and Shinnawi (5) have studied the
Upper Cretaceous rocks in Wadi Sudr where they indicated the presence of several
phosphatic marl horizons in the Lower Senonian (Coniacian-Santonian) rocks. Ghorab
(6),has indicated that Sudr Formation in Wadi Sudr overlies the Matalla Formation and
underlies the Esna Formation.
El Aassy (7) has studied the phosphate occurrence in east El Qaa plain, Southwestern
Sinai and was able to subdivide Sudr Formation to three distinct members, viz the lower
chalk member, the middle limestone member with chert and phosphate beds
intercalations and the upper chalk member.
The main purpose of this paper is to correlate geologically the phosphate occurrence in
Taba area, Eastern Sinai to that of Southwestern Sinai on one hand as well as to the
other phosphate districts of Egypt on the other hand Moreover, the uranium distribution
in Taba phosphorite occurrence is studied and correlated as well to those of other
localities
GEOLOGY AND LITHOSTRATIGRAPHY
The studied area is actually covered by a sedimentary succession ranging from the
Lower Cretaceous Malha Formation to the Early Eocene Thebes Formation (Fig.2).
Raha and Wata Formations are also exposed but with limited distributions, while both
the Coniacian Matalla Formation (6) and the Campanian-Maestrichtian Sudr Formation
are widely distributed. The Lower Eocene Thebes Formation overlying the Paleocene
Esna Formation represents the topmost rock unit in the studied area. The area under
study has been geologicaly mapped (Fig 1) and the lithostratigraphic sections have been
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F"«g.(1):Geological map of Taba area. Eastern Sinai, E g y p t .
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measured and geologicaly investigated and each formation will be herein described
starting with the oldest.
l.Malha Formation (Early Cretaceous)
It attains a thickness of about 20 m and is mainly composed of dark brown ferruginous
sandstone beds of varying grain sizes. The sandstone beds intercalated with thin shale
beds and partly cross-bedded with coarse grains associated with the co-sets.
2. Raha Formation (Cenomanian)
Raha Formation represents the first marine transgression during the Cretaceous and is
conformably overlying the Malha Formation. It is composed of shale with sandstone and
limestone intercalations and reaches a total thickness of about 25 m.
3. Wata Formation (Turonian)
It is a well defined rock unit ranging in thickness form 10 to 15 m and is composed of
well bedded limestone and dolomite. It contains thin shale interlayers.
4. Matalla Formation (Coniacian )
This Formation is widely distributed in the studied area and conformably overlies Wata
Formation (Fig.2). It ranges in thickness from 60-80 m and is composed of three distinct
members; the lower is composed of sandstone and shale, while the middle is composed
of limestone and shale and the upper is mainly of shale and limestone. Some poorly
phosphatic limestone beds are intercalated within it
5. Sudr Formation (Campanian-Maestrichtian )
Ball (8), subdivided the Campanian rocks in west central Sinai to three subdivisions
The lowest division is composed of white chalk overlained with a series of grey to
greenish clays and sometimes with thin chalk bands. The uppermost division is the
thickest and consist of well-bedded white chalk with flint bands.
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The Maestrichtian rocks at the Egma plateau in the central Sinai are composed of 10 to
60 m chalk and chalky limestone (4). The Maestrichtian pycnodonta visicularies biozone
is widely distributed in Sinai (3). Its equivalent (Exogyra overwgi zone) is noted above
the phosphate beds in Mahamid -Sibaiya area along the Nile Valley. This zone is konwn
from a carbonate section assuming a thickness of about 20 m in Sinai. Abdel Gawad (9),
pointed to the heteromorph ammonites with the phosphate bed in the upper member of
Sudr chalk in Sinai. This zone is reported also in the phosphorite of Mishash Formation
of Israel and north Sinai (10 and 11). El Aassy (7), subdivided Sudr Formation in east El
Qaa plain area, southwestern Sinai into three members, the phosphate beds are included
in the middle member.
In this sense, Sudr Formation represents the main target in this study as it contains two
phosphate beds (Fig.3). The lower is 0.3 m thick and extends laterally allover the area It
is of a pale brown colour with a dark tarnish and the phosphatic grains are pizolitic to
nodular and contain dark "brown centers. The upper phosphate bed is 1.7 m thick and is
of grey to pale brown colour with also a dark tarnish and medium hard and soft at the
top. According to physical properties and the radioactivity measurements, the upper bed
could be subdivided into three vertical horizons. The lower horizon (a) of 0.3 m thick is
pale grey in colour and medium hard and silicified, whereas the upper horizon (c) is 0.4
m thick, soft, argillaceous and chalky. The middle horizon (b) attains however 1 m in
thickness, grey to pale brown in colour, medium hard and is highly radioactive as will be
seen later.
6. Esna Formation (Paleocene)
It is mainly composed of two shale members. The lower is 15 m thick, while the upper
member is 8 m. The two members are separated by a compact calcareous shale to clayey
limestone bed.
7. Thebes Formation (Early Eocene)
It is unconformably overlying the Esna Formation. It is composed of thinnly bedded
limestone with chert intercalations. It represents the topmost rock unit in the studied area
(Fig.4).
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Fig. (3) :

Fig. (4) :

Sudr Formation uith upper (U) and lower (L) phosphate beds, Taba area

Sudr Formation (S) overlies Matalla Formation (M) and is ovcrlaincd by Esna
Formation (E) and Thebes Formation (Th), Taba area.
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URANIUM DISTRIBUTION
The performed radioactive survey using GR-101A instrument in Taba area has clarified
that the two phosphate beds belonging to Sudr Formation, represent a distinct
radioactive anomaly among the whole measured rocks. Eighteen samples have been
collected along the two beds. Three samples from the lower bed are collected vertically
from one location and 15 samples from the upper bed in five locations with 100 m
intervals.
XRD analysis to some of the collected bulk samples showed that the identified
phosphate minerals are mainly carbonate fluorapatite together with some carbonate
apatite, while the gangue minerals are essentially calcite and quartz (Table 1). The
collected samples have also been chemically analysed for the P2O5 and uranium contents
(Table 2). The obtained data indicated that the middle horizon of the upper bed gives the
highest P2O5 and uranium contents. Its average content of P2O5 is 18.8%, while the
lowest is 14.4% and the highest is 22.4%. The average uranium content of this horizon is
79 ppm, while its lowest value is 41ppm and the highest one 97ppm. The lower horizon
of the upper phosphate bed is low eiher in P2O5 or in uranium contents with respect to
the upper one. The average P2O5 and uranium contents in the lower horizon are 6.9%
and 25 ppm respectively, whereas in the upper horizon these values are 8.6% and 42
ppm respectively. On the other hand the lower phosphate bed contains 18.1 % P2O5.and
55 ppm uranium as average contents.
The P2O5 and uranium contents in the three horizons of the upper phosphate bed show
lateral variation from east to west (Fig.5). Thus in the middle horizon a smooth variation
with a drop in the uranium content near the western end is shown (Fig.5.A). The same
drop is noticed in the P2O5 content (Fig.5.B). The P2O5 and uranium contents of the
lower and upper horizons are however increasing from east to west with an exception in
the uranium content in the upper horizon.
The mutual relation U/P2 O5 versus P205% (Fig.6) shows a relatively strong positive
correlation for the middle horizon of the upper phosphate bed, while showing an inverse
proportionality for the upper and lower horizons. This means that most of the uranium
content in the middle horizon is related to the phosphate minerals. In the lower and upper
horizons, it is apparent that uranium is not only associated with the phosphate mineral
but also with other constituents e.g. iron oxides and/or the organic matter. The lower
phosphate bed shows no remarkable variations either in P205% or in uranium content.
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Table (1): X-ray difTraction pattern of a representative sample of Taba phosphate.

Sample
dA

I/In

4.29
3.88
3.48
3.38
3.19
3.06
2.81
2.71
2.64
2.51
2.30
2.25
2.14
2.10
1.94
1.92
1.88
1.84
1.83
1.77
1.75
1.73
1.62
1 55

10

Carbonate
apatite
(21 - 145)
dA
Wo

9

15
44
100
47
23
11
11
10
22
11
8
8
10
20
26
19
19
9
7
10
11
7

3.430

3.080
2.811
2.717
2.627
2.526
2.293
2.261
2.149
1.941
1.889
1.841
1.781
1.757
1.720

16

18
80
100
12
4
6
35
6
16
8
12
12
8
4

Carbonate
fluorapatite
(21 - 141)
dA
I/In
3.86
3.43
3.160
3.050
2.790
2.690
2.619
2.506
2.284
2.240
2.134
1.931
1.887
1.834
1.783
1.754
1.720

2
20
6
35
55
100
8
4
2
45
4

Calcite

Quartz

(5 - 586)
dA
I/In

(5 - 490)
dA
I/In
4.260
35

3.860

12

3.030

100

2.285

18

2.095

18

1.913
1.875

17
17

3.340

100

2.281
2.237
2.128

12
6
6

1.817

17

1.541

15

12
8
10
25
8
6
1.624

512
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Table (2): Uranium and P2O5 contents of the phosphate beds, Taba area.
Serial No.

Sample No.

U / ppm

P2O5 %

Notes

1
2
3
4
5

T.I 2. c
T. I 4 c
T. I. 6 c
T I 8 c
T 1.10. c
Average

50
19
42
42
58
42

5.93
5.50
3.30
10.35
18.60
8.70

Upper horizon
of upper phosphate bed

6
7
8
9
10

T. I. 2 b
T. I 4 b
T I 6 b
T. I 8. b
T. I 10 b
Average

79
97
91
41
89
79

17.50
20.34
19.20
14.40
22.40
18.80

Middle
horizon of
upper
phosphate bed

11
12
13
14
15

T I. 2. a
T. I. 4. a
T I 6 a
T. I. 8 a
T. 1.10. a
Average

6
13
33
42
32
25

5.50
5.73
6.30
9.2
12.9
7.9

Lower horizon
ofupper phosphate bed

16
17
18

T I L 2. c
T. I. L. 2 b
T. I L 2. a
Average

54
59
53
55

17.63
18.70
17.80
18.10

Lower phosphate bed
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Table (3): Average uranium contents of some phosphate deposits in Egypt.
Province

Red
Sea

Nile
Valley

Western
Desert
Sinai

Area

U/ppm

References

Qussier
Safaga
Hamarwin
Abu Shegeila

85
105
94
35

(12)
(12)
(13) and (14)
(13) and (14)

Oweinia mine
Mahamid west
Mahamid east
Sibaiya east
Sibaiya west

143
67
98
84&94
37&54

(13)
(13)
(15)
(16 and 17)
(18 and 19)

East Luxor
Wadi Higaza
El Kharga Oasis
Abu Tartur
(Main bed)
East El Qaa plain
Taba

114
69
20
20

(20)
(21)
(22)
(23 and 24)

88
50

(7)
Present Work

51'

Finally the uranium distribution in Taba area has been compared with the other
phosphate districts in Egypt (Table 3). It is thus found that its average content is lower
than that of east El Qaa plain phosphate (7) and is of the same order of magnitude as
those in Wadi Higaza and El Mahamid west in the Nile Valley phosphates. It is however
higher than that in Abu Shegeila (Red Sea) and Abu Tartur (Western Desert)
phosphates.
SUMMARY AND CONCLUSIONS
The phosphate beds in Taba area located within Sudr Formation in a carbonate section
of chalky limestone with chert interbeds. The lower phosphate bed is 0.3m thick, while
the upper is 1.7 m. The upper phosphate bed is higher in P2O5 and uranium contents
than the lower one. The middle horizon of the upper phosphate bed shows the highest
values in P2O5 (22%) and uranium (97 ppm). The correlation between U/P2O5 and
P2C>5% is fairly strongly positive in the middle horizon while it is inversely proportional
in the lower and upper horizons. This indicates that other factors are participating in
controlling the distribution of uranium e.g. iron oxides and/or organic matter. The
uranium content in Taba phosphate is lower than that in East El Qaa plain phosphate,
comparable with some localities in the Nile Valley and Red Sea phosphates and higher
than those in Abu Shegeila and Abu Tartur areas.
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ABSTRACT
Tlie different factors influencing the sorption / desorption of I:"Cs, °"Co, wl Am, and
(132M54) g u ^

me

^ J I sampjes o f inshas area were investigated. Mincralogical analysis

of the soil samples were carried out. The amount sorbed per gram soil, (X/rn), increased
as die carrier concentration, [C], increased from (10 7 to 10 ' mol) following a Freundlich
type isotlienn. The distribution coefficient, Kd, of the radionuclides was affected by pH
Tlie presence of K \ Ca2* and Fe3* as competing ions decreased tlie sorption capacity of
the studied radioisotopes. The presence of complexing agents lias significantly effects on
the mobility of these radioisotopes. Ilie mathematical model for the dispersion of the
investigated radioisotopes in tlie groundwater environment was also elucidated.

INTRODUCTION

The demonstration of the safe disposal of low level radioactive wastes over long
time periods is often regarded as a prerequisite for die further development of nuclear
waste disposal programs.

One of the most important approaches to the problem of low level radioactive waste
is the disposal of the waste packages into the ground. Clays and soil minerals are typical
naturally occurring materials which can absorb radioactive elements from waste solutions;
thereby leading to their fixation into the respective soil matrices.

The aim of this work is to study tlie sorption behavior of some radioactive elements
on soil samples of Inshas area and to trace the possibility of their migration in the
different strata of the terrestrial environment under conditions of eventual ground water
flow. Of special importance in this process is the presence or absence of natural organic
ingredients such as humic acid in these media. The radioisotopes are supposed to be
complexed by the organic acids; a process wliich affects the rate of migration of the
radioisotopes resulting in a pronounced enhancement of their movement in the under
ground environment. Tlie sorption-complexation data can be fed to a mathematical model
simulating more or less tlie conditions at tlie studied area and die obtained results can be
used to predict die concentrations of die studied radioisotopes at any distance from tlie
point of injection of the radioisotopes.

In this work the sorption behavior of radionuclides

I37

Cs, °°Co, (I52M54lEu and 24IAm

using synthetic groundwater was investigated . The sorption-coniplexatiori data can be
used as a basis for assessing tlie radiological safety of near surface ground repositories
assigned for the disposal of low level wastes [1,2].

MATERIALS and METHODS

The soil samples obtained from Inshas site were collected at different deptlis from
well No. I and No.2. Table. I shows tlie lithology of die collected samples. Mineralogical
analyses of these samples were carried out using X-ray diffraction technique using pliillips

Table 1. List of Soil Samples Collected from Inshas Area

Sample
Code
Bed-1
Bed-3
Bed-5
Bcd-8
Bed-12
Bed-27
Bed-4'

Depth (m)

To

From
0.00
3.00
7.60
14.07
31.47
67.42
7.22

Lithalogy

2.50
6.00
10.35
16.92
33.47
68.24
9.22

Thickness
(ml

Sandy Clay
Sand
Shale
Sand
Coare Sand
Basalt
Silt

2.50
2.00
2.75
2.85
2.00
0.80
2.00

Remarks

Well No.l
// //
// //
// //
// //
// //
Well No.2

Table 2. Preparation and Composition of Synthetic Groundwater
Compound

Na Cl
Mg Cl2
MgSO,
CaSO 4
Ca (HCO3)2

KC1

Quantity Added to
10 L of deionized
Water, e
53.285
4.736
1.00
18.980
2.025
0.267

Mojor
Constituent

Na*

K*
Ca"
Cl

so 4 -

HC%

Quantity in Solutions,
nig/L
Calculated

Measeeartxl

2094
13
139
609
3587
1420
%%%

2098
13
140
608
3590
1420
IV*

X-ray spectrometer model PW-1050. Synthetic groundwater having the same chemical
composition and pH as the groundwater at Inshas site was prepared, Table 2. Commercial
humic acid "Fluka-AG" was purified by the procedure described elsewhere [3]

The sorption of die different radioisotopes by the soil samples was curried out
according to the procedures described before [4]. The effect of the presence of humic
acid was carried out by dissolving different concentrations into the synthetic groundwater
solution which contained the investigated radioisotope.

After adjusting the pH, the

procedure was continued as previously mentioned [4]. The radioactivity of the respective
tracer before and after shaking was determined radiometrically using a well type Nal(TI)
crystal connected to a multichannel analyzer of the type Canberra Series 20 model 8010

Preliminary experiments were preformed to find out the equilibration time for
sorption of Cs, Co and( Eu & Am) by the investigated soil samples. It is equal to 2.30 ,
2.0 and 3.30 h for Cs, Co, and (Eu & Am) respectively.

RESULTS and DISCUSSION

Mineralogical analysis of the studied samples shows that kaolinite, calcite, quartz,
anortliite and trace of montmorillonite are the most abundant minerals present.

1. Effect of Carrier Concentration

The amount of ion sorbed per gram soil (X/m) in meq.g' when plotted against the
equilibrium carrier concentration, [C], showed a straight line relationship for the studied
radioisotopes (Cs, Co, Am and Eu) wliich can be described by a Freundlich type isotherm.

From these relationship it is observed tliat in all cases straight lines of slopes
almost close to unity at low carrier concentration (10 7 to 10 ! mol) for Cs, Eu and Am and
(10 7 to 1 0 3 ) for Co. It is concluded that the sorption of the investigated elements by the
soil samples takes place mainly through the formation of a single monolayer of sorbed
ionic species [5,6]. However, at higher concentration of Co tlian 10 3 mol, log X/m value
tends to approach limiting values wliich suggest more than one reaction mechanism [4,7]

The Kd sliowed a significant decreases by increasing the metal concentration of
these elements. The highest Kd-values were observed for Eu, Am and Cs wliile those of
Co were substantially lower. The Kd varied from sample to another depending on die
difference in physico-chemical properties as well as mineralogical and elemental contents.

2. Effect of pH

The Kd of

I37

Cs and ^Co showed a gradual increase by increasing the pH with a

maximum values around pH 8.5 , while Kd for 241Am and (152+I54)Eu sliowed a relatively
sharp increase by increasing pH with a maximum values around 6.0 and then showed a
slightly decrease until pH 8.5. Generally, the obtained Kd values were in the order
Eu » Am > Cs > Co (at pH * 6.0).

Allard and BeaU [7] reported that the sorption of Am3* is strongly influenced by
increase in pH at values between 4 and 6, but shows a slight decrease with increasing pH
values above 6.0.

Serne and Relyea [8] found that the sorption of Am3* is generally

increasing with the increase of pH. On the other hand, Sandier et al [9] showed that a
sliarp increase in Kd values of Am3* between pH 4.0 and 6.0, and the Kd continued to
increase with higher pH values. They suggest that the formation of polymeric or colloidal
species that are strongly removed from solution, similar to its sorption cliaracteristic on

glass and on an anion exchanger [10,11]. hi the study on the sorption of
by some minerals and rocks, it was found that,
pH, while

IM

Cs and 24IAm

134

Cs sorption increases with increasing

24I

Am starts to increase at pH where hydrolysis is becoming important

indicating that the degree of hydrolysis affects the sorption behavior of

M!

Am [13].

3. Effect of Competing ion Concentration
The presence of Na* or K* , Ca2*, Fe3' ions in solution are obviously decreases
the uptake of

I37

Cs, ^Co, 2<IAni and (152M*}Eu by different soil samples. It is observed

that K* have the highest competing effect on the sorption of

137

Cs. It is suggested by

Tamura and Jacobs [13] that the IO present in solution reduces the ion exchange between
Cs+ and K+ at the edges of sediment lattice.

In the sorption of *}Co, in all samples, the

competing cations decreases the sorption of the radiocobalt. where calcium ions Iiave the
greatest effect. Generally, the divalent cations showed the liighest competing effect wlule
the monovalent cations as Na, K had no effect on sorption process of Co [14]. By the
same way Fe3+ showed the highest competing effect for both Am(III) & Eu(III) which
may be attributed to similarity in tlie valency and ionic radii.

4. Effect of Complexing Agent ( Humic Acid )

The effect of the presence of different concentrations of humic acid on sorption of
I37

Cs, °°Co, 24IAm and (132M54)Eu was investigated at pH - 7.85, Fig. 1. The Kd of

I37

Cs

and ^Co docs not change to a notable extent even when tlie humic acid concentration
increased up to 100 mg/L, which means that humic acid has no tendency to complex
either cesium or cobalt in solution . Kd showed a gradual decrease in case of Eu and
Am by increasing huniic acid concentration up to 100 mg/L. Tliis is mainly related to the
formation of Eu or Am-humic acid complexes in solution. Kim et ai [15] found that, the

aquatic humic substances commonly found in all groundwater in different concentration
have a strong tendency towards complexation with actinide ions. Moulin et al [16] found
that, the metal-humate complex is the dominate species present in tlie pH rang 4-8 and
humic acid concentration 0.1 to 10 ppm.

5. Desorption Studies

Desorption or release studies were carried out on sediment samples loaded with the
respective isotope obtained from the equilibrium sorption experiments. The release
experiments were continued until equilibrium lias been reached between the sediment and
the leaching medium. Form the data obtained, it is found that, die desorption percent
obtained was in the range (1 - 9 % ), ( 3 - 18 % ), ( 4 - 11 % ) and ( 5 - 14 % ) for
^Co,
137

24I

I37

Cs,

Am and (l52M54)Eu respectively. The relatively high percent desorbed in case of

Cs, °°Co, 24IAm and <15>I54)Eu may be attributed to the presence of different ions of the

salty groundwater mainly N a \ Ca~ (600 mg/L), Fe 3 \...etc. This ions may replace or
excliange with the ions already attached to the surface of the soil particles (sorption
study). In the case of

l37

Cs and ^'Co tlie release curve reach a constant value in a period

of 1 and 3 days respectively. In case of

241

Am and

(I52tI54)

Eu 6 days are needed.

6. Modelling of Radionuclides Transport in Groundwater

One of the equations which describes the transport and dispersion of radionuclides
by groundwater through an aquifer or other substratum can be written as [17] ;
a(dC/dt) - - Vx (dC/dx) - Vy (dC/dy) - Vz (dC/dz) + Dx (d2C7dx2) + Dy (d2C/dy2)
+ Dz (d2C/dz2) - L a C + a S(t)

(5)

where: a is die retardation factor ( a - 1 + (D/P) Kd).
C is the average concentration of tlie radionuclidc in the water and the substratum.

Vx, Vy, Vz are the magnitude of the groundwater velocity in the X,Y,Z direction
L is the radioactive decay constant of the radicmuclide,
S(t) is the rate of the release of die radionuclide into tiie water.
Geological forms are usually rather irregular, however, the detail information which
would be required to model are not generally available, Consequently, for this study, the
equation which is used as basis for all analytical models described in this study was
formulated under several assumptions that are summarized here for emphasis: constant
permeability, constant dispersion coefficient (Dx, Dy, Dz) and Constant retardation factors.
The physicochemical interactions between the soil/rock and the radionuclides in solution
are taken to be adequately described by equilibrium condition, (he solution of the equation
is given by Niemczyk et al [18] . A computer program using these equations, to calculate
the concentration of radioactive nuclide in X, Z directions is constructed.

The concentration of tlie studied radioisotopes is decreased as the distance increase
in both X and Z directions, Figs. 2-4. Tlie concentration of die radioisotopes Cs, Co, Eu
, after time period of five lialf lives, and a choicen time of 500 years for Am, arc 10* ,
10 3 , MX4 & 10 3 Bq/cm3 at distances 10, 5, 3,10 m respectively in X direction, Fig.2^ The
different concentration in Z-direction, Fig 3 , are 10 \ 10 7 \0A and 10^ at distances 3, 2,
1,3 m for Cs, Co, Eu, and Am respectively, after the same time periods. On the other
hand, the effect of humic acid concentration on the transport rate of

2<l

Am, for example,

in groundwater is shown in fig.4. Aniericium concentration decreases by increasing [HA],
at different distances, indicating that as die [HA] increases die transport rate is increased
and the measured [Am] at the same point is decreased which emphasized the importance
of humic acid as a completing agent for actinides, and lanthanides in groundwater
transport.

But many man-mad complexing agents such as EDTA liave even larger

formation constants and therefor greater capacities to accelerate the transport of different
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radioisotopes. This suggests that radioactive wastes containing such strong completing
agents should be chemically treated to destroy this mobilizing agents.

Finally, the obtained From this study-can to a great extent- serve as a basis for the
performance assessment of a low level waste repository site in the investigated area.
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DETERMINATION OF URANIUM IN INDUSTRIAL AND ENVIRONMENTAL SAMPLES
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BS IRAQI
The phosphate ores used in "Abu Zaabal Fertilizer and Chemical Company" for the
production of some chemicals and fertilizers contain detectable amount of uranium. In this
study the content of uranium in samples of different products of fertilizers, gypsum and
phosphate ore has been determined using NAA and gamma ray spectroscopy of the
irradiated samples. Another method based on measuring the natural radioactivity of 238U
series for non-irradiated samples using f ^ y spectroscopy has been also used for
determining the uranium content in the mentioned samples. In the NAA method the
content of U (ppm) in the samples has been computed from the photopeak activity of the
lines : 106.1, 228.2 and 277.5 KeV of 23SNp induced in the irradiated samples and the
simultaneously irradiated uranium standard. The y-ray spectra and the decay curves are
given. In the second method the -p-ray spectra of the natural radioactivity of the samples
and uranium standard have been measured. The y-transition of energies 295.1, 351.9
KeV for 214Pb; 609.3, 768.4, 1120.3, 1238.1 KeV for 214Bi were used to determine 238U.
The uranium traces in drainage water has been also determined spectrophotometrically
using arsenazo-lll after preconcentration of uranium from the pretreated drainage water
in column packed with Chelex-100 resin. The recovery is found to be 90±5% .
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INTRODUCTION

Traces of uranium could be determined without chemical treatment by y -spectroscopy.
The determination could also carried out after preconcentration and separation using
different chemical techniques followed by spectrophotometric determination using oftently
arsenazo-lll. Thus , traces of uranium and thorium were determined as impurities (30 ppm
and 300 ppm respectively) in tungsten by radiochemical neutron activation analysis.
The content of each element was calculated by a single comparator method after peak
identification and activity determination1. Uranium was determined in phosphate rock and
technical phosphoric acid radiometrically using y-counting and spectrophotometrically
using arsenazo-l after separation and preconcentration using solvent extraction and ion
exchange2. In samples of tiles , Uranium was analyzed by gamma spectrometry and in
addition spectrophotometrically using arsenazo-lll after separation3. Arsenazo-lll was also
used to determine uranium traces in the range of 0.2 to 10 (ppm) in Zircaloy-4 and
Zirconium sponge after separation using partition chromatography4, in phosphogypsum
after separation by solvent extraction5, in phosphate fertilizers after extraction with trioctyl
phosphine oxide*, and natural water after preconcentration on triethylaminoethyl (TEAE)
cellulose7.

EXPERIMENTAL

Natural ^-activity measurements: For Y-spectroscopic analysis of the natural radioactivity
, the samples were weighed (6.7 g) individually as well as uranium standards with known
uranium content. These standards were IEAE No.S-12, No.S-13, No.S-8, No.S-7 contain
0.014% , 0.039%, 0.14% and 0.527% of U3O8 respectively and standard NBL No. 5 of
0.11% U3O9. The samples and standards were transferred to very clean glass bottles
(20 ml capacity) . Each sample was weighed and carefully sealed for four weeks to
assure reaching secular equilibrium in the

238

13

U decay series. The activity of 214Bi and

214

Pb in equilibrium with their parents is assumed to represent the

23a

U activity(8'10). y-

spectra for the different samples were measured using a hyperpure germanium detector
connected to a high resolution 8192 multichannel analyzer. The accumulation time for
each sample was 4 h, except for the standard curve it was 1000 Sec. The detector has
an energy resolution of 2.1243 KeV FWHM for the 1332 KeV gamma transition of *°Co.
The detector was shielded by a cylindrical lead shield with a moving cover to reduce
gamma ray background. The gamma transitions of energies 295.1, 351.9, 241.9 KeV for
2U

Pb, 609.3, 768.4 and 1120.3 for 214Bi were used to detect and determine

23a

U. The

corresponding percent intensities of these transition are 19.2, 37.1, 7.5, 46.1, 4.9 and 15
% respectively.

Irradiation;

Duplicate samples of the different products of fertilizers, gypsum and

phosphate ore as well as uranium standard IEAE No.S-12 (0.014 % U3Oa i.e 118.72 ppm
U) each weighing 0.01 g were packed in thin aluminum foil and irradiated in a neutron flux
of 1012 - 1013 n.Cm'2.Sec'\ for 48h in the E-RR-1 at Inshas. After Irradiation, samples
were left to cool for about 48h.

y-Spectra for the irradiated samples and uranium

standard were then measured using the same gamma ray spectrometer. The gamma
transition of energies 106.1, 228.2 and 277.5 KeV of 239Np were used to measure uranium
content in each sample.

Preconcentration of uranium in AZFC drainage water; Samples of the drainage water
of the (AZFC) each of 100 ml volume were filtered and its slight acidity (PH=2) was
neutralized with adding NajCOa 0.1 M till the pH of the solution was 8.5M. The solution
was then filtered again and completed to 1 liter with distilled water.

The pretreated

solution was allowed to pass through glass columns filtered with centered glass at the
bottom. Two Kinds of column were us©d with different internal diameter 4^0.5 and 1.1
Cm. The column were packed with 0.5 or 2.0 g quantity respectively of Chelex-100 Na+
form (50-100 mesh). The columns were pretreated with 10'3M Na 2 Co 3 . The sample of

the pretreated drainage water was then allowed to pass through the column in flow rate
of 1 ml.minVCm2. The eiution was carried out using solutions of 1.2N HCI.

Spectrophotometric? determination of uranium using arsnazo-lll : The uranium content in
the eluted solution was determined spectrophotometrically using arsenazo-lll. For this
purpose standard curve was constructed.

Aliquots of uranium standard solution

containing not more than 20 Ug uranium were placed in a measuring flask of 10 ml
capacity. 1 ml of 0.1 % arsenazo-lll and 0.2 ml of 10 3 M EDTA (for masking interfering
ions if present) solutions were add followed by pH adjustment to 2-3 with diluted HNO3
or HCI. The flask was then completed to 10 ml with distilled water shaken well and left
for 10 minutes for colourd development. The absorbance was then measured against
blank solution containing all constituents except uranium at the wave length 654 nm11.
The eluate samples were treated as in case of the standard solutions. The measurement
were carried out using spectrophotometer Shimadzu-UV-120-20.

Recovery Determination: Solutions of known uranium content 650 Ug were pretreated
as in case of the drainage water samples and allowed to pass through column of internal
diameter 4^1.1 Cm packed with 2g Chelex-100 at flow rate 1 ml.min'1. Cm"2. Uranium was
then eluted with 1.2N HCI and its contents in the effluent was determined. The percent
recovery was then calculated

RESULTS
The Y-Spectra for the natural radioactivity of the analyzed samples as well as the
uranium standard are shown \n figs.(1-5 a,b) where figs.(a) give the full y-Spectra and
figs.(b) give the expanded spectrum for regions of interest. From these spectra the area
under peak of the desired energies for the analyzed samples were computed and
compared with that of uranium standard. The uranium content in each sample is
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computed using the following equation:

U(ppm) in standard
U (ppm) »

- _ — _ - _ — _

X

Where A=Photopeak activity of 214Pb or 2U Bi Y-lines in the sample and As is that of the
uranium standard. The results are shown in table (1).

To assure the accuracy of the measurements using this method, different uranium
standards were used and their Y-spectra were measured for fixed time periods (1000
Sec). These standards were IEAE No.S-12, No.S-13, No.S-8, No.S-7 and NBL No.5
cornatite contain the following percent of U3O9 : 0.014%, 0.039%, 0.14%, 0.527% and
0.110% respectively. The net area under the peaks 351.9 and 609.3 (KeV)i.e the peaks
of the highest intensities of 214Pb and 21iBi were computed and drown against the uranium
content (ppm). Fig.(6) reprsents the relationship between the area under peak and the
uranium content (ppm). The straight lines in this figure assure the accuracy of the
measurements.

The y-Spectra of the irradiated uranium standard and the analyzed samples are shown
in figs. (7-11 a.b.c.) Also here figs.(a) give the full t-spectra, figs.(b) give the expanded
spectra of region of interest. The area under the peaks 106.1, 228.2 and 277.6 (keV) for
the analyzed samples were computed and compared with the areas under the same
peaks of irradiated uranium standard , from which the uranium content in the analyzed
samples (ppm) was calculated using the previous equation. The results are summarized
in table (2).
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Table(1): y-Transition Energies of 23eNp, The Net Area Under Peak Measured After
Different Cooling Times and % of Error for Irradiated Uranium Standard and the Analyzed
Samples.

Energy
Sample

IAEA
Uranium
Standard
No.S-12
Phosphate
Ore

GSSP

SSP

Gypsum

Intensity

106.1 Kev
22.7

228.2 Kev
10.7

Cooling
Time

Area

7d.

37503

0.95

34681

9d.

23553

1.25

13 d.

7884

7d.

Net

%
Error

277.6 Kev
14.2
Net
Area

%
Error

0.76

29235

0.82

22293

0.96

18919

1.05

2.33

7614

2.01

4706

2.91

22566

1.79

22280

1.33

18436

1.36

9d.

14055

2.59

13837

1.77

10949

1.9

13 d.

5215

5.69

3627

5.07

2530

5.7

7d.

18279

1.51

14472

1.46

12037

1.53

9d.

9019

2.84

8567

2.32

7254

2.08

13 d.

2725

6.69

1673

6.57

1405

6.85

7 6.

15196

1.95

13549

1.59

11742

1.50

9d.

7997

3.51

7864

2.38

6371

2.5

13 d.

5235

5.03

3602

4.73 ,

2718

5.35

7d.

3594

5.25

4.5

1816

6.39

9d.

3004

4.78

1266
—

—

13 d.

1422

9.68

592

14.41

1023
...

9.4
—
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Fig.(6):Standard Curve for Determination of Uranium Content
Using 2 u Pb and 21*Bi Transrtion Energies
352.4 and 609.3 KeV. Respectively.

The measurements were carried out after different cooling times where decay curves
were constructed for the three gamma transitions 106.1, 228.2 and 277.6 (KeV)of

239

Np

induced in each sample via the nuclear reaction.

238

U (n,Y)

239

- 239Np

U

T i a =23.5 m
All straight lines \n the decay curves flgs.(7-11)C give half life of 2.35 day corresponding
to

239

Np which reveal the presence of uranium in the irradiated samples. Detection of

uranium using NAA was adopted in previous work12.

Preconcentration and determination of traces of uranium in the AZFC drainage water
was efficiently carried out. The method is based on the preconcentration of uranium on
a column packed with Chelex-100 from dilute solutions of NajCC^ (10'3M) and then
elution of uranium from the column with 1.2N HCI. After pretreating of the drainage water
with Ns^CC^ tell pH 8.5, the precipitations of hydroxides and basic carbonates of other
ions were removed by filtration. Under these conditions, uranium is present as soluble
anionic carbonate complexes13.

In previous work14, uranium was found to be highly

adsorbed on Chelex-100 from dilute solutions of Na2CO3 (10 3 M). This could be attributed
to the higher ability of the functional groups of Chelex-100 (iminodiacetic acid) to complex
uranyl ions than CO32' groups in dilute solutions15. Accordingly, uranium is selectively and
highly retained by the resin.

Th© uranium in the drainage water determined by this

method is found to be 0.205 (ppm).

This value is the average of four values.

The

percent recovery of uranium is found to be 90±5%. The recovery percent is determined
by determing the uranium content in different effluents eluted from the column after
preconcentration from Ne^CC^ solutions (table 3),
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Table (2): -y-transition Energy of 214Pb;214Bi, the Net Area Under Peak and % of Error for
Uranium Standard and the Analysed Samples.

E (Kev)
% Intensity

295.1
19.2

351.9
37.1

609.3
46.1

Sample
IAEA
Uranium
Standard
No.S-12

Net
Area

752

1375

792

% Error

6.77

3.69

4.95

Phosphate
Ore

Net
Area

417

750

490

% Error

9.26

5.88

7.86

Net
Area

300

491

315

% Error

14.83

7.47

11.94

Net
Area

227

440

317

% Error

15.28

7.64

9.39

GSSP

SSP
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Table(3): Uranium Content in Different Effluent Eluted with HCI 1.2N from Chelex-100
Column After preconcentration from Solutions of
^

Effluent No.

Volume (ml)

Uranium
Content
(ug/ml)

Uranium
Total Content
(ug)

%
Recovery

1

5

46.8

234

2

5

54

270

41.54

3

5

9.9

49.5

7.62

4

5

6.3

31.5

36

4.85

Column 2Cm Length, 1.1 Cm Diameter, Flow rate 1 ml.Min~\Cm" 2 , Initial Uranium
content • 650 ug
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DISCUSSION AND CONCLUSION

Data on the detection and determination of uranium in the collected samples is
obtained either by y-radiometric assay for the natural radioactivity of 23aU decay products,
214

Pb and

214

Bi or for the y-radiation of

23C

Np using neutron activation analysis or by

spectrophotometric method. The average values calculated for the uranium content in
the different samples using neutron activation analysis are generally higher than the
average values obtained from measuring the natural y-activity.

The difference is not

more than 5 ppm . Moreover, the sensitivity of NNA is higher, accordingly the content
of uranium in gypsum is determined using this method only. Determination based on
measuring natural y-radioactivity is found to need longer measuring times otherwise, the
percent error of computing the net area under peak is very high. On the other hand
analysis based on measuring natural y-radioactivity avoid high exposure doses. The
average values calculated for th® uranium content (ppm) in the phosphate ore and some
products of AZFC using NAA are as follows:
Gypsum < 5, granular single superphosphate (GSSP)=50.45, single superphosphate
(SSP)=42.60 and phosphate ore used by AZFC=72.6. Whereas the average values for
uranium content(ppm) calculated from measuring the natural y-radioactivity are : 70.1 for
phosphate or®, 46.72 for GSSP and 41.16 for SSP. Th© content of uranium in each
sample was calculated using the uranium standard IAEA No.S-12 which contains 0.014
U-,O8. The amounts of uranium found are within the expected limits.

The uranium content of the AZFC drainage water (at discharge point), which is
determined spectrophotometrically after preconcentration on Chelex-100 is found to be
0.205 ± 0.02 (ppm). This value is considered to be low enough and do not add any
hazardous effect to the environment. Which is the main objective of our study.
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EFFECT OF SOME ENVIRONMENTAL LIGANDS AND FERTILIZERS
ON HUMIC ACID COMPLEXATION WITH STRONTIUM
A. A. HELAL, D. M. IMAM, S. M. KHALIFA AND H. F. ALY
Hot Laboratory Centre, Atomic Energy Authority, Cairo-13759 Egypt

ABSTRACT
The effect of some environmental ligands and certain fertilizers on the
complexation of strontium with humic acid was investigated colourimetrically
and radiometrically. The results indicate that Na2-EDTA, Na3-citrate and NaCl
compete to complex strontium in solution with the sequence:
Chloride < Citrate < EDTA
while Na3-phosphate has the reverse behaviour.
In case of nitrogen containing fertilizers, the results show that urea, Mgammonium nitrate and ammonium nitrate interact with humic acid and prevent it
from the complexation with strontium and thereby increase its availability to
plants and microorganisms.

INTRODUCTION
Contamination of the natural environment by radioactive fission products
has aroused considerable concern as some of these will eventually become
ingested by man through his food supply. Strontium-90 represents one of the
main radionuclides produced in fission products. Migration of strontium in the
environment, in case of accidental release, is governed by many factors, among
them its interaction with the materials present in the environment.
The most widely distributed materials on the earth's surface, occurring in
soils, lakes, rivers and seas, are humic materials. In a previous paper ^ \ we
studied the complexation of strontium (and some other cations) with humic acid.
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From the other materials present in the environment which may interact with
strontium and/ or humic materials; the environmental ligands (such as EDTA,
citrates, phosphates, ...etc. ) and the fertilizers. These materials are principally
introduced into the environment through the different human activities. As
these ligands and fertilizers are increasingly applied, the question of how humic
substances affect the activity, behaviour and survival rate of these compounds
becomes an urgent one which requires answers from scientists and from those
interested in the preservation of our environment. Thus, the effect of presence of
some environmental ligands and certain fertilizers on the Sr-humate complex
was studied.
The reaction of humic substances with nitrogen containing compounds such
as urea, which is now widely used as fertilizer, has considerable economic
implications. The adsorption of N-containing compounds by humic substances
has been shown by Schnitzer and Khan ' \ The nature and degree of
adsorption depends upon (a) the chemical nature and structure of humic
substances, (b) the nature and properties of the reacting N-containing material,
and (c) the conditions under which the reactions take place. Stepanove ' ^ has
shown that the reaction of humic acid with ammonia results in the stable
adsorption of nitrogen by the reactive humic acid surface. It has been suggested
that humic acid becomes polymerized by adsorbing ammonia ^ ' and that
heterocyclic rings are formed ^ \ Valdmaa ' ° ) observed a reduction in the
methoxyl content of humic acid after treatment with ammonia and a constant
increase in the nitrogen content as the length of the treatment is increased. The
adsorption of fertilizers by humic substances, in presence of strontium, is of
practical significance because of the ever increasing applications of these
materials in increasing the fertility of the agricultural soils.

EXPERIMENTAL
Chemicals and Materials:
Unless otherwise stated, the chemicals used were of analytical purity. Humic
acid is a product of Fluka, Switzerland, and used after purification. The fertilizers
are obtained from the distribution centres of the ministry of agriculture in Egypt.
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The radioactive tracer Sr-90 was obtained from Amersham, England, and
used after purification from Y-90.
Procedure:
The purification of both humic acid and radio-strontium, the counting
technique and the procedures for the preparations and measurements of the
investigations in this work are given in reference (I) .
The effect of presence of Na2-EDTA, Na3-citrate, NaCl or Na3-phosphate on
the Sr-humate precipitate was elucidated at different concentrations of each,

colourimctrically and radiomctrically . Also, the effect of the fertilizers (urea, Mgammonium nitrate and ammonium nitrate) was investigated at different
concentrations, colourimetrically and radiometrically.

RESULTS AND DISCUSSION
Effect of Ligands
The effect of the investigated ligands on the humic acid complexation with
strontium shows that Na2-EDTA, Na3-citrate and NaCl compete to complex
strontium in solution, while Na^-phosphate has the reverse behaviour. In this
concern, the ligands interact with strontium and go up to the solution, so both
the humic acid (Fig. 1) and the radiostrontium (Fig. 2) increase in solution with
increasing the ligand concentration.
The sequence of increasing the binding of strontium to the investigated
ligands is related to the pKa value and increased in the order:
Chloride < Citrate < EDTA
The phosphate anion complex strontium in solution, but it decreases the
solubility of humic acid, so shifts the pH to the acidic side and consequently the
humic acid in solution decrease with increasing the phosphate concentration
because of precipitation, as indicated in Figs. (3, 4).
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38

69.00

6
a
o
o

55.20 -

4 1.40 "

27.60 -

'6
13.80

0.00
0

6

12

18

30

24

Phosphate Concentration, mg/1
Fig.

(3):

Variation

of

Phosphate

Concentration

with

the

Concentration of Humic Acid Remaining in Solution at
pH4.0

4800

4690 -

7^
o
en

4580 -

4470 -

U
4360

4250
10

20

30

40

50

Phosphate Concentration, mg/ I
Fig. (4): Variation of Phosphate Concentration with the CPM of
Sr-90 remaining in Solution at pH 4.0
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Effect of Some Nitrogen Containing Fertilizers:
The effect of the fertilizers: urea, Mg-ammonium nitrate and ammonium
nitrate, on the strontium-humate complex was found similar to the
aforementioned ligands, where both the humic acid (Fig. 5) and radiostrontium
(Fig. 6) show increase in solution, with increasing fertilizer concentration.
This behaviour indicates that the fertilizers interact with humic acid and
prevent it from the complexation with strontium. As pointed out by Schnitzer
and Khan ^2\ there is ample evidence to show that humic substances can adsorb
low molecular weight N-containing compounds. Several authors (3'7<8) indicated
that considerable amounts of urea can be adsorbed by luimic acid. Pal and
Bancrjcc ^ has suggested that urea forms an addition complex with humie nciil.
resulting in a decrease in exchange capacity. On the basis of IR studies of ureahumic acid complexes *7>9\ it has been suggested that the reaction occurs via
hydrogen bonding and that the resulting product is more stable than the
starting materials.
The present study shows the role of humic acid in the retention of Ncontaining compounds when they applied as fertilizers to soils. The use of these
fertilizers may result in the solubilization of humic materials and thereby
increases the availability of strontium to plants and microorganisms.
The sequence of increasing the interaction of humic acid with the
investigated fertilizers was found to be:
Ammonium nitrate < Mg-Ammonium nitrate < urea
This sequence can be related to the tendency of each fertilizer to interact
with humic acid. In this concern, urea with its higher donor ability of the
oxygen donor together with its two NH2 groups is expected to interact with
humic acid higher than Mg-Ammonium nitrate.
The increase of the interaction of humic acid with Mg-Ammonium nitrate
than that with ammonium nitrate can be related to the competing action of Mg
for humic acid ( I ) together with ammonium. On this basis the sequence obtained
can be justified.
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RADIATION RISK FROM NATURAL RADIOACTIVITY IN OIL
AND GAS PRODUCTION INDUSTRY

A.M.EID
National Center for Radiation Research and Technology, Atomic Energy Authorty
Naser City, Cairo- Egypt

ABSTRACT
This paper throws light on the natural radioactive materials, the radiation
background levels in Egypt and other areas in the world . It also describes the
gamma-ray exposure rate due to ^ 6 Ra and daughters which concentrate as
scale or sludge in oil field equipments . The potential Hazards arising during
normal operation , maintenance , and cleaning are considered . Occupational
annual personnel doses are estimated and examined relative to work function.
The data indicates that gamma-ray exposure dose rate varies between 0.2-70
jiSv/h The annual collective effective dose equivalent is about 7X10"2manSv and the mean annual dose equivalent is about 1.72 mSv. The individual
risk of radiation exposure is found to be comparable to the average mortality
risk in other industries which are generally considered to be safe .

INTRODUCTION
naturally occurring radioactive materials are known to be present in varying
concentration in different areas on the crust of the earth through out its history . The

dominant radionuclids are
series headed by

238

U

40

and

87

K,
232

Rb beside the elements of the two radioactive

Th. The average activity concentrations in soil are

extremely small and the resulting doses are trivial. Taking Egypt as a study case, the
variation of concentration are estimated to be range from 29- 653 Bq/Kg for

K,

from 5-64 Bq/Kg for ^ ' U series and from 2.5-96 Bq/Kg for M2 Th series (Ibrahiem
et al (1993) (1) . The exposure dose rates were calculated to range from 0.76 pJR/h up
to 9.3 |iR/h . These dose rates are comparable to other areas in the world . In some
regions in the world the dose rates exceed the normal range of variation,as an
example the south west coast of INDIA in the states of kerala and Tamil Naada with
exposure dose rate varing between 43 and 230 uil/h. Also a range from 70 uJR/h
up to 5 mrad/h in an area at the city of Ramsar IRAN was measured (Khademi et al)
(1980)(2)

The primary objective of this presentation is to assess the naturally occuring
radiation risks associated with oil and gas production facilities at East Zeit Field ,
Egypt as a study case and to initiate radiological protection program for similar oil
production facilities.

METHODOLOGY
Gamma - exposure Rate Measurment
The external gamma- exposure in areas around the different offshore and onshore
production facilities were estimated using survey meter model 290 Thyac- IV
connected

with G.M. tube to measure y-ray dose rate over
2

2

background 10* uSv up to 10* Sv/h with an accuracy ±10%.

kk

the

range from

Specific Activity
The next objective was to determine the specific activities of samples from
oil,sludge,scale and separated water . These samples were measured after
preparation by using HP Ge-detector shielded with 5 cm Pb and connected with
4096 multi- channel analyzer.

Personnel Monitoring
The accumulative radiation dose equivalent received by persons working around
oil and gas poduction facilities was measured using Lithium Fluoride TLD chips
type TLD-100 . The dosimeters were read out after cleaning by ethanol in
Ultrasonic cleaner by using Harshaw MODEL 2000 (B+C) TL reader . The
dosimeters were calibrated against ^Sr TL calibrator .

RESULTS AND DISCUSSION
Area Monitoring
The gamma-exposure dose rate around the oil production facilities are
summarized in Table (1) before and after removel of sludges .

Table(l) Typical Gamma-Exposure Dose Rate Measured at Oil Production
Facilities .

Location

Radiation Level uSv/h

Before cleaning

After cleaning

Surface

lm

Surface

8-70

2.5

1 -13

1.5

2

1.2

0.2

0.08

15-60

2-15

-

-

-Free Water Knockout

6-25

2.5

3-22

2

- Closed Drain vessel

8-23

3.5

3.5- 12

2.1

- Cooler (E -130)

2.7

0.1

0.25

0.1

- Water Drain pipe
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3.6

-

-

100-200

2-7

-

-

lm

A- OnShore
- Inlet Separator
-Cooler Plate cleaning
Workshop
-Storage Area (Sludge
in drums)
B- Offshore

-Inside

dismantled

water drain pipe

Table (1), reveals that radiation levels inside the occupational areas at onshore and
offshore oil production facilities vary from background up to 70 fiSv/h . Hence,the
occupational areas could be cateegorized as working condition type A. This data is
relatively high due to enhanced natural radioactivity as a result of 226Ra chemically
concentrate in the scale and sludge .

U6

226

Ra Concentration
The

226

Ra concentrations were investigated in oil separated water, and sludge

samples . The results indicated that 226Ra concentrations were found to be 70 Bq/L,
154 Bq/L,and 1.8 X 105 Bq/Kg respectively. The values obtained in case of solid
sludges are 58% of the maximum value obtained from sludges of oil production
separators in North sea, UK area, and nearly 18% of the maximum concentration of
scale related to downhole pumps as given by Reed et al (1991)(4)

Occupational Exposure
Examination of personal dose related to the study case during four periods (one
year) allows to make primary evaluation of the radiological hazards connected with
work type . The collective doses as well as the individual dose received by some
workers as a critical group during four periods in 1993 are given in table (2).

Table(2): Collective Dose and Mean Individual Dose Equivalent for Critical Group
in Oil Production Field .

Period

No. of

No.of

Collective

Mean Dose

Workers

Measurably

Dose (Man -

Equivalent

Monitored

Exposed

Sv)10'2

mSv/person

1(1993)

35

31

2.5

0.71

2(1993)

41

13

16

0.39

3(1993)

36

5

0.27

0.07

4(1993)

50

36

2.6

0.52

From Table (2),it is clear that occupational exposure is relatively low . The annual
collective dose is about 7X10*2 Man-Seivert and the average annual dose equivalent
is about 1.7 mSv per person

The maximum annual individual dose equivalent

reported to be 3.62 mSv while the minimum measurably value is as low as 0.1 mSv.
Hence, one can conclude form the indvidual data obtained that the working time

inside the radiation areas is very limited . The occupancy factor is roughly estimated
to be 0.2 as a result of continous discussion with the workers .

In order to throw some light on the relation between radiation hazards and work
type, the percentage of personnel doses attributable to various work function is
given in Table(3) for 4 selected periods to represent the normal operation .
Table(3): Percetages of Collective Dose by Work Function.
Percentage of Collective Doses

Work Type

Period (1)

Period(2)

Period(3)

Period(4)

-Maintenance

46

37

44

45

-Production group

13

19

14

8

41

44

42

47

on terminal.
-Production group
on platform

From the data in Table(2) ,it is clear that the change in the percentage of collective
doses with time is dependent on the activities undertaken by each group . More than
80% of the dose equivalent is received by both maintenance group during
dismantling and cleaning of cooler plates and production group around the platfrom
facilities .

Risk Analysis
At this point the radiological picture of collective dose,average annual dose and
the percentage of collective dose per work function have been discussed. The
magnitude of risk from radiation exposure is of

practical value for defining

protection philosophy and to throw some light on the situation .

For judging the acceptability of the level of the risk due to occupational radiation
exposure is to compare this level with that in other

industries of high safety

standard .Such industries have an average annual mortality rate from occupational
hazards which does not exceed 10"4 (ICRP 77a ) (5) .The average annual individual
radiation dose corresponding to this factor was calculated to be 1. 47 X 10'2 Sv(
IYER - 1984

) (6) .On this basis presented data with an average annual radiation

exposure in the order of 1.7 mSv is corresponding to about 12% of the risk
acceptable in industries with high safety satfety standard .

On the basis of the above evaluation and in order to intensify the radiation
protection measures , the following recommendations are made :

1- Training of employee on radiation protection measures and the use of devices and
protective clothes are essential.

2- Provide regular programme for improving the work condition to minimize the
occupancy factor inside radiation areas.and for cleaning of vessels and cooler plates
and protection of the environment.

3- Radiation culture for employee of the hazards associated with their work type is
essential.

4- Eating, smoking or drinking is strictly not allowed in the areas where scale or
sludge is handled.

5-

Develop plans and procedures for storage or disposal of the released scale ,

sludges,and contaminated waste materials ,and equipments .

CONCLUSION
Naturally occurring enhanced radioactive materials in the form of 226Ra with the
associated decay products have been discovered in the sludge and scale related to
the oil production facilities in the study case . Various radiological hazards are
associed with external

radiation exposure and/or internal contamination during

normal operation, cleaning of vessels and/or cooler plates were examined .
Radiation protection measures were optimized to reduce external radiation exposure
by limiting the occupancy time in radiation areas and to avoid any internal or skin
contamination by using protective clothes . Under these

measures ,

226

Ra

concentration up to 1.8X1O5 Bq/Kg do not usually present health hazards . The
occupational exposures proved to be low with an average annual dose equivalent of
1.7 mSv per person . The main contribution of collective dose comes from
empolyees related to production at platfrom and maintenance . The radiation risk is
estimated to be 12% of the associated with industries of high safety standard .
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ABSTRACT
A soil and a plant samples were taken from two locations, Bahr ElBakar and Bahr Kados at the Manzala lake, where a high pollution" is
expected.

The samples were

especially treated and prepared for

investigation by thermal neutron activation analysis (NAA). The irradiation
facilities of the first Egyptian Research Reactor (ET-RR-1) and the hyper
pure germanium (HPGe) detection system were used for such a type of
analysis. Among the 34 identified elements Fe, Co, As, Ru, Cd, Te, La, Sm,
Eu, Tb, Hg, Th, and U are of a special significance because of their toxic
deleterious impact to living organisms. This work is apart of a research
project concerning pollution studies on the river Nile and some lakes of
Egypt. The data obtained in the present work stand as a reference basic
record for any future follow up of the contamination level.
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INTRODUCTION
Pollution has paralleled technologic advances. Industrialization and the
creation of large urban centres have led to the contamination of air, water and
soil. Principal causes of pollution are related to the production and use of
energy, the production and use of chemicals as well as the increased
agricultural activities. Awareness of environmental pollution with heavy and
toxic elements has grown tremendously during the last few decadesMJ The
pollution of rivers, lakes, seas and oceans and their effects on living organisms,
food-chain and their water resources became recognizable all over the
world^i This has attracted the attention towards the investigation of pollutants
spread over the river Nile and some local lakes in Egypt. The Manzala lake at
the Eastern North of Egypt is surrounded by many industrial factories and a
high population density. The region of Bahr El-Bakar at the Manzala lake is
mainly contaminated with sewage and industrial disposals, while that of Bahr
Kados is mainly contaminated by agricultural activities such as fertilizers and
pesticides.
In the last twenty years neutron activation analysis (NAA) technique
was extensively used for trace elemental analysis. This technique became more
powerful than the other techniques?" * Rafter the great developments in the
(HPGe) detection systems.

EXPERIMENTAL
A soil and a plant samples were taken from each of Bahr El-Bakar
(soil-1 and plant-1) and Bahr Kados (soil-2 and plant-2) around the Manzala
lake where a high pollution is expected. The plant taken from each location
was a whole corn plant (Zea Mays), roots, stem, leaves and corn cobs. Corn
plant was chosen because it may stand as a link in the food-chain for both the
human and animal. Soil samples were taken from each location at 50 cm below

the ground surface level to avoid atmospheric contamination which may be
changeable from an hour to another. Also, to be near to the sites of root
extension and close to the water level feeding the plant. The samples were
dried, ground

to about 50 micron diameter, well mixed for homogeneity and

preserved in polyethylene vials^l"14)
Short-time irradiations were carried put at thermal neutron flux of 1.2 x
101 l

n/cm^.s. in the reactor refector close to the core by means of a Pneumatic

Rabbit Transfer System (PRTS) installed at the (ET-RR-1) reactor^, 16)
Known weights ranging between 40 and 80 mg of the 4 specimens and their
relevant 2 standards were enveloped in cellophane papers. Each of them was
irradiated separately for 1.0 minute with a known weight (0.5mg) of a gold foil,
for monitoring, in a polyethylene vial. The standards used were soil-7 and NBS
standard reference

material 1571 orchard leaves of the IAEA. For each

specimen an hour y-ray measurement was started after the elapse of 50 s in die
specimen transportation post irradiation.
Long time irradiation was performed for 48 hours at the core periphery
of the (ET-RR-1) reactor in a thermal neutron flux of 1.4xl0 13 n/cm^.s. A
known weight (11-15 mg) of each of the 4 specimens and each of their 2
relevant standards as well as 0.5mg gold foil, for monitoring, was wrapped
separately in an aluminum foil of known weight. An additional aluminum foil

of known weight was included with the above mentioned specimens to
distinguish the overlapping y-ray lines produced by the aluminum envelopes.
Gamma-ray measurements were started after one week cooling time post
irradiation.
A coaxial hyper pure germanium detector (HPGe) of 56.5 mm crystal
diameter and 81.3 mm length with an active volume of 200 cm 3 and a dead
layer thickness of 600 microns, was used. A Mylex personal computer analyzer
was connected on line with the (HPGe) for data acquisition and y-ray energy
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calibration. The system resolution was about 1.9 keV at 1.33 MeVy-ray of
60

Co and a peak to Compton ratio of 50:1.

RESULTS AND DISCUSSION
Table (1) shows that 34 elements were identified by the product isotopes
and isomers of column (2) through their characteristic y-ray lines listed in
column

(3). Elements which were analyzed by the short-time irradiation

method are marked with (•), while those analyzed by the long-time irradiation
method are marked (••). Na, Al, Cl, Ti, V, Mn, I and Dy were elementally
analyzed by the short - time irradiation method. K, Sc, Cr, Fe, Co, Zn, As, Br,
Ru, C(ly Te, Sb, La, Ce, Sm, Eu, Tb, Yb, Lu, Hf, Hg, Au, Th, and U were
elementally analyzed by the long - time irradiation method. Ca and Sr were
analyzed by both methods. It is clear that Al, K, and Ca are the major
constituents of the soil and plant samples. Columns 4,5,6, and 7 give the
concentration values of each element for comparison between the four samples.
One can easily notice that soil (1) of Bahr El-Bakar has the highest Al, Ti and
V contents, while soil (2) of Bahr Kados has the highest Na, Cl, Ca, As and
Br contents. It is worth mentioning that plant (1) of Bahr El-Bakar has the
highest Mn content and is unique in containing I, while plant (2) of Bahr Kados
has the highest K content and higher As concentration than plant (1).
The present work verifies the expected pollution of the Manzala area
and on the long run this ecosystem will suffer from ecotoxicology, especially
heavy metal poisoning diseases.

Table (1): Concentration Values of the Elemental Constituents of Soil and Plant Samples.

Element

Product
Isotope

Selected
gamma - ray
lines
keV

Sodium

24

Na

1369,2754

Aluminum*

28

Al

1779

Chlorine *

38

1643,2168

Potassium

42

K

1524

47

Ca

489, 808, 1297

49

Ca

3084

Scandium

46

Sc

889,1121

Titanium*

"Ti

320

Vanadium

32

V

1434

Chromium**

51

Cr

320

Manganese*

56

Mn

Iron **
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Cobalt *•
Zinc**

_

. .

Calcium

*. * •

Arsenic
Bromine
Strontium
Ruthenium**

Concentration Values
Soil - 1

Soil - 2

P- 1

P-2

7237

1344

1047

25000

13800

14100

12800

555

21259

2355

5976

—

51700

143900

180000

460000

30200

27200

1.61

1.76

1.04

2.28

8878

2027

1908

1332

117

93

67

88

12.95

31.20

2.20

14.30

847,181! .2113

710

278

2022

1286

Fe

143.192, 1099,1292

350

362

279

370

60

Co

1173,1333

2.47

2.18

0.87

17.11

65

Zn

1116

145

102

As

559 ,657

2.86

15.89

1.5

17.33
116

2.33

554.619. 6VX.777

33

60

5.16

7.27

c

,

76
82

Ur

1340

828.1044.1318.1475

16.8

514

« S r 388
"mSr
97
Ru 216
103
Ru 497

14.3

55

15.8

Table (1) (cont.)

Cadmium **
Tellurium**
Iodine
A
•
•*
Antimony

115

lu

r-A
Cd

"Tc

336

26.5

159

<0.1

128 .

443

122

Sb

564

124

Sb

603,1691

Lanthanum •*

140

Cerium ••

14I

Samarium**

153

Sm

103

Europium •*

152

Eu

122,344,1408

Terbium •*

160

Dysprosium *

165mDy

108

Ytterbium ••

!69Yb

198

329.487.816,
925,1596

La

Cc

145

Tb

299,879

24.1
<0.1

<0.1

51
<0.1

0.58

0.53

31
0.64

6.2

4.9

2.0

5.2

9.87

8.23

4.18

10.92

1.40

0.58

0.39

0.88

0.39

0.12

0.08

0.15

-—

—

—_

0.2

8

10.9

—-

_

0.52

0.39

0.33

0.38

0.71

!75

Yb

283.396

Lutetium ••

i77

Lu

113

0.35

—

1.74

0.24

Hafnium • • ••

181 Hf

133.482

1.83

2.46

1.08

1.07

<0.1

<0.1

<0.1

<0.1

l79m

Mercury **

H f " 214

197m

Hg 134,279

203 .

Hg

279

Au

412

0.14

0.58

0.17

0.47

Pa

300,312

1.23

1.00

0.65

1.11

^Np

106,278

2.31

2.33

1.53

2.67

Gold **

198

Thorium**

a3

Uranium**

* Short irradiation method .
•*

Long irradiation method

1

I

1
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COMPETITION EFFECT OF SOME METAL IONS ON THE
COMPLEXATION OF STRONTIUM WITH HUMIC ACID
A. A. HELAL, H. F. ALY, D. M. IMAM and S. M. KHALIFA
Hot Laboratory Centre, Atomic Energy Authority, Cairo-13759 Egypt

ABSTRACT
The formation of Sr-humate precipitate was studied colourimetrically and
radiometrically at different pH's. It was found that, increasing of the Sr2 +
concentration or the pH value of the solution increases the precipitated
complex.
The competition effect of Mg2+, Ca2+, Ni2+, and Ba2+ on the compelexation
of Sr 2+ by humic acid indicated that both Mg 2+ and Ni 2+ substitute Sr2+ in
humate complex, while Ba2+ has a very little effect. In case of Ca2+, increasing
of its concentration enhances the precipitation of Sr2+ with humic acid.

INTRODUCTION
Among the radioactive fission products, strontium-90 constitutes a serious
internal hazard. Because of its chemical similarity to calcium, it follows a parallel
metabolic path from soil to bone. Experiments on animals indicate that the
pathological effects which result from accumulation of Sr-90 may be anaemia,
bone necrosis, cancer or possibly leukemia. Owing to the behaviour of
strontium and its similarity to calicum, an attention has been directed to the
relationship between strontium and calcium in soil. Considerable evidence has
been collected indicating that the soil calcium level greatly influences the
accumulation of strontium in plant materials ^l>2^.
The interaction of radioactive strontium with humic materials present in soil
and water streams is, therefore, of main importance to learn about the fate of
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strontium in case of accidental releases. Humic substances are the principal
organic components of many reactions which occur in these environments. The
ability of humic substances to form complexes with metal ions can be attributed
to their high content of oxygen - containing functional groups, including
-COOH, phenolic and enolic -OH and C=O structures of various types (3).
It has been shown by Malcolm ( 4 ) that the association of the positively
charged metal ions with negatively charged organic anions goes beyond the
concept of cation exchange to specific exchange, complexation and possibly
chelation. The factors influencing the metal-humic complexation include
concentration of humic substances and metal ions, competing ligands and metal
ions, source of humic substance, type and charage of metal ion, pH, ionic
strength and temperature.
The three major fractions of humic substances are (5) ;
• Fulvic acid: The fraction that is soluble under all pH conditions,
• Humic acid: The fraction that is not soluble in water under acid conditons
(below pH 2), but becomes soluble at greater pH, and
• Humin: The fraction that is not soluble in water at any pH value.
The fraction used in this work is humic acid.
EXPERIMENTAL
Chemicals and Materials
Unless otherwise stated, the chemicals used were of analytical purity. Humic
acid is a product of fluka, Switzerland, and is used after purification. The
radioactive tracer (Sr-90) was obtained from Amersham (England) and is used
after purification.
Purification and Identification of Humic Acid
The humic acid was dissolved in a minimum amount of 0.5 M NaOH and
centrifuged at 15,000 rpm, and then filtered through whatman # 3 filter paper to
remove fine insoluble organic materials (humin) and clays. The solution was
next treated twice with 100 g of Dowex 50 W-X 12 (100-200 mesh) cation
exchange resin in the Na+ form for 24 hours with occasional shaking. The resin
was removed by filtration through glass wool and whatman # 3 filter paper. The
humic acid was precipitated by 12 M HC1 and the supernate was removed after
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centrifugation. The remaining humic acid slurry was treated overnight with 100
ml of 0.5 M HF - 0.5 M HC1 solution (1:1) to reduce the ash content due to
silica. The supernate was removed, and the final purified humic acid slurry was
washed with deionized bidistilled water untill the wash supernate gave a
negative Cl" test with AgNO3. The obtained humic acid was then freez-dried. A
suitable portion of the purified humic acid was tested and found to have less
than 0.2% ash content after ingnition at 1000°C.
The purified humic acid was characterized by elemental analysis,
potentiometric titration, IR, UV and visible spectroscopies, and found to be pure
and typical to that present in
literature.
Purification and Counting of Radiostrontium
Adequately fast sample preparation and radiochemical separation procedures
were carried out to obtain radiochemically- pure radiostrontium. Y-90 was first
removed, as a clean-up step, by solvent extraction with di-2-ethyl hexyl
phosphoric acid (HDEHP) in toluene to obtain the pure Sr-90 in aqueous
samples before each investigation (6>7). The pure p-emmissions were measured
with Packard Tri-Carb 1600 CA liquid scintillation analyzer using the liquid
scintillation solution "Hionic Fluor" obtained from Packard, USA.
Procedure
A working solution of humic acid was prepared by dissolving ca 0.05 g
humic acid in 25 ml 0.1 M NaOH with stirring for one hour under nitrogen gas
[to avoid air oxidation ( 8 > 9 ) ]. This solution was diluted to 50 ml in a volumetric
flask. Aliquots of this working solution were titrated to the desired pH with 0.1
M acetic acid, and diluted to 50 ml in volumetric flask to obtain a solution of
about 70 mg/ 1 humic acid. The absorbances at a suitable wavelength (420 nm)
were measured and a calibration curve was established for measuring the final
humic acid concentration.
The complex formation is based on the precipitation of humic acid with the
metal ion till complete saturation. After separation of the complex, the remaining
solution was studied radiometrically and/ or colourimetrically at the suitable
wave length to measure the concentration of the remaining radiostrontium and/
or humic acid. The effect of changing Sr 2+ concentration and pH on the
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precipitation of Sr-humate was investigated. The competition effect of Mg 2+ ,
Ca 2 + , Ni 2+ , and Ba 2+ on the complexation of Sr 2+ by humic acid was also
studied by the same procedure.

RESULTS AND DISCUSSION
The cation exchange property of humic substances has its origin in their
carboxylic groups. They are comparable to synthetic cation exchange resins
which are based on a carboxylated poly-aromtic skeleton. The ability of solid
humic matter to sorb metals physically and chemically from aqueous solution
has been well documented. The data indicate that the chemical aspect is
predominant over the weaker physical sorption (10) .
The reaction scheme describing the interaction between the metal ions and
the dissolved humic acid can be represented as (l())>
Humate anions
(dissolved)

+

me tal

ions

, ».

metal humates
(hydrophilic)

Fuoss effect
metal humates
(precipitated)

~*

metal humates
(hydrophobic)

Effect of Strontium Concentration
Fig. (1) illustrates the effect of Sr2+ concentration on the formation of Srhumate precipitate at different pH's. The precipitate increases monotonically
with increasing of Sr2+ concentration. At pH 12.4, the humic acid (69 mg/1) was
completely precipitated at Sr 2+ concentration of about 45.0 mg/ 1. By
decreasing the pH of the solution, the precipitate was regularly decreased. The
same behaviour was noted radiometrically, Fig (2).
Effect of Hydrogen Ion Concentration [H+]
Fig. (3) shows the formation of strontium-humate complex as a function of
pH, colourimetrically and radiometrically. As the pH increases, the precipitate
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increases. This behaviour was expected in the light of the exchange properties
of the hydrogen ions and their efffects on the complexation.
Increasing of the pH of the solution results in additional ionization of the
acidic groups of the humic acid. This can enhance the attraction of the
strontium cations (i. e. binding of Sr 2+ ) on to the humic acid with subsequent
formation of strontium-humate precipitate. At low pH, the competition effect of
the H + ions with Sr 2+ ions for anionic binding sites on humic acid is high and
causes a decrease in the binding.
Effect of Competing Cations
The polyelectrolyte nature of humic molecules leads to strong complexing
action which increases in strength with increasing the degree of ioniztion of the
carboxylate groups, as indicated in the previous section. The ability of cations
to form complexes depends on their election configuration, size and charge; and
consequently, the ionic potential (Z/ T\).
The effect of competing cations was studied using Ni 2+ and the alkalineearth metals: Mg 2+ , Ca 2+ and Ba 2+ ; in comparison with Sr2+. The results indicate
that Mg 2+ is completely precipitated at pH 4.5, Fig. (4). Precipitation of Ni 2+ , at
pH 6, was also higher in strength than Sr 2+ , at high concentration of Ni 2+ , Fig.
(5). In case of Ca 2+ and Ba 2+ , the competition was lost and both cations
indicate the formation of weaker complexes than Sr2+, Fig. (6). This sequence
agrees with the value of the ionic potential of these cations, except Ca 2+ . With a
growth in the ionic potential, the tendency of cations to form complexes
increases. The confirmation of this explanation was done by carrying out the
precipitation of strontium using the radiotracer Sr-90 and determination of the
competition effect of each cation in presnee of Sr 2+ . The results, (Figs. 7-10),
indicate that both Mg 2+ and Ni 2+ substitute Sr 2+ in the humate complex and
drive it away to the solution, while Ba 2+ has very little effect. In case of Ca 2+ ,
the concentration of Sr 2+ in solution decreases with increasing the calcium
cations concentration. As pointed out by many authors ( I I « ! 3 ) , the increase in
the exchangeable calcium was found to be the most effective factor in
increasing the fixation of radiostrontium in the soil and decreasing its uptake by
plant.
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ABSTRACT

The effect of increasing atmospheric aerosol
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INTRODUCTION
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earth's

suggested that an increasing

pollutant

could

increase the solar
( 2)
albedo and thus cool the earth. Charlson
reported that an
increase in air pollutant concentration could
cooling or

heating

of

the

atmosphere

either

depending

pollutant physical characterstics. This view
one and is adopted by many investigators in
( 3)
Rehman et al
used an empirical scheme of

is

on

a

later

cause
the

general
studies.

parametrization

to correlate solar radiative fluxes and atmospheric

heating

or cooling rates in the troposphere. Such empirical approach
is found useful in planetary boundary layer modelling and in
the evaluation of surface heat budget.
This study presents an investigation for the influence of
air pollution on the

solar

albedo

by

the

earth

surface

taking into account radiation absorption and back-scattering
processes. The effect of air pollution upon

the

energy absorbed by the earth-atmosphere system

amount
is

studied.

The present study will be extended in current research
to

estimate

essential

various
for

meteorological

describing

parameters

atmospheric

of

that

work
are

dispersion

calculations. Our future objective is to apply these results
for evaluating the conditions of the Inshas nuclear

reactor

site .

EARTH-ATMOSPHERE HEAT TRANSFER EQUATIONS
Let us consider the effect of atmospheric pollutants
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and

aerosols upon

the

amount

of

energy

W

absorbed

by

the

earth-atmosphere system. This amount of energy is the sum of
the absorption due to aerosol- diminished radiation

by

the

earth's surface and by the atmosphere, i.e.,

W
= W
+ W
earlh-atmos
surface
atmos

(1)

Expressing each of these terms as a function of

atmospheric

and surface properties, the first can be expressed as:

W

=S(1-A)

(2)

surface

where

A

is

the

solar

albedo

by

the

earth's

surface

(radiation reflected/ radiation incident),and S is the solar
energy per unit time incident at the surface of the earth.
In general, solar albedo of the ground surface is
proportional to

the

surface

temperature,

as

inversely

clear

Figures (1) and (2) for Cairo city in two specific

from

days

(2

and 13 June 1966).Upon using the "flat earth approximation
( 4)
"(Mitchell
), one can express eac
each of the two members
of
the right hand side of eq. (1) as:

U

= S
almos

[ 1-exp (-B

o

X)]

(3)

ab

and
W

=(1-A) Sexp [-(B
surface

o

+B . )X]
b9

(4)

ab

where B

is the absorption coefficient of the aerosol or
ab
pollutants, X is the light path length
through
the
atmosphere, and S

is the energy per unit time

incident

on

o

the atmosphere and B

is the back-scattering coefficient of
bs

the

aerosol.

Assuming

absorption at the

that

the

surface, (l-A),
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fractional
remains

radiation

constant

with

varying

atmospheric

aerosol

Eq.(4)

can be used

to

(pollution)

estimate

concentration.

whether

particulate

concentration will heat or cool the earth-atmosphere system.
After approximating.the exponentials,that

are occuring in

the right hand side of eq.(4)up to the first order, one

can

re-write eq.(l), as

U
~ ( 1 - A ) S ( 1 - B L X-B
X)+S B , X
L
earth-atmo9
o
bs
ab
o ab

(5)

The difference in energy between the earth-atmosphere system
with

and without

aerosols

as given

by eq(4) and (5)

respectively reads

AW
earth-atmos

=S B X-(1-A)S (B +B )X
o ab
o bs ab

(6)

A criterion which may be used to determine if the increase
in aerosol heats or cools the earth-atmosphere
B

1-A

__

>
B

system is:

bs

^.^^

[heating the earth with increasing aerosol]

A

(7.a)
B

1-A

B

[no change with increasing aerosol]

A

(7.b)

ba

B

B,

1-A
< ______

[cooling the earth with increasing aerosol]

A

bS

Figure

(7.c)

(3) shows

backscattering

the relation

coefficient

B /B
ab

temperature,

according

between

to the

and

absorption
ground

to

surface

b9

first

order

expansion

approximation.
More accuratelly, we shall expand the exponential terms
in eq.(4)

up to the second order .equation

form:
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(5) takes the

(B
W L
=(1-A)S I l - B X-B X+
earth-atmos
OI
bs
ab

S

+B

) X

9

1-1+B Xab

S (B
O

b9

= S -S B, X-S B L X+ —
o o b9
O ab

+B u ) 2 X 2
ab

—-AS +AS
o o

2

AS (B + B )X2
B X + AS B X - — — * +S B , X
bs
o ab
2
o ab

S B 2 X2
°a
7

In this case, eq.(6) may be written as:
AW

=W
earth-atmos

- ( 1-A)S

earth- at mos

O

S B 2 X2
O bs
2

=AS B X - S B X + _ _ ~ — ~ + s B
O bs

O bs

AS B 2 X2
AS B . X- — -r— ---AS B
O ab

2

B

2

o bs ab

B X2

O bs ab

X+

AS B 2 X2
°a
2

Requiring no change i.e AW =0 we get:

B2
ab
X B2
bs

^

A

J

B

^

A

bs

we get after approximating B

=c
bs

B
B

ab
bs

2
2
where M=2- ~XC
~ - ™
A*

-M + / M 2 - 4 N
2

and

1 2
N = l - -—+
A
AXC

2
XC

AXB 2
bs

XB 2
bs

Neglecting the

positive

value

which

gives

unrealistic

values,we have

B
B

After

M - 4N

-M

ab

bs

2

re-substituting

the

abbreviations

given

above,the

final form may be written as:
B

ab

B bs

A

(8)

XC

A

Figure (4) illustrates the
but

for

the

case

of

same

relation
second

as

in

order

approximation.where C is a constant, its value

fig.(3),
expansion

depends

the surface type upon which the solar radiation is

absorbed

or scattered. Our derived equations (7) and (8) are
to calculate B

ab

/ B, for different
b9

surface

type.

on

applied
Table

gives the result of calculation taking an average value

1
for

light path length through the atmosphere X=0.2
Table 1.Comparison of

critical absorption to backscattering

ratios for different surface types as derived in the
using eqn.(7) and eqn.(8)

surface
type

Albedo
A

Critical
eqn.(7)

ratio
eqn.(8)

Urban area

0.2

4

3.8

Deserts

0.3

2.3

2.2

Prariries
and grassland

0.2

4

3.8

Forests

0.16

5.2

4.9

Oceans

0.08

12

10.1

snow-fields

0.7

0.43

0.4

report

STABILITY CLASSIFICATION ACCORDING TO SOLAR RADIATION

The interaction of air pollution with the

thermodynamics

of the atmospheric mixing layer occurs radiatively, and thus
we should incorporate the radiation budget analysis
problem of air

quality

pollutant

dispersion

problem is associated with the estimation of
components:net radiation,

latent

flux, sensible heat flux, cloud
Manju et. al

heat

the

models.

The

energy

flux,

cover,

in

and

budget

ground

water

heat

vapour.

proposed a model predicting the long range

air quality for the dispersion
from an area source. The

of

model

air

pollutants

input

emitted

parameters

are

the

routine meteorological observations which are used

for

the

computations of: sensible surface heat flux,
depth,

friction

velocity

,wind

speed

profiles. These results can be used
stability

and

consequently

to

the

mixing

height

and

diffusivity

obtain

atmospheric

pollutant

concentration

pattern.
The solar altitude (SA)

is

first

determined

meteorological station latitude and longitude, time
day and season. An insolation class

number

(ICN)

determined as indicated in table ( 2 ) .

Table 2. Insolation Class from Solar Altitude
Insolation CLASS
Numbers

Solar Altitude

SA < 0°

ICN=O

0°<SA<15°

ICN=1

15°<SA<35°

ICN=2

35°<SA<60°

ICN=3

60°<SA

ICN = 4
76

from

the

of

the

is

then

The insolation class is then modified
ceiling height

and

pollution

or

according

aerosol

cover

to

the

(whether

cooling or heating the earth- atmosphere system,eqns. (7) or
( 8 ) . and the net radiation index is computed
Once the net solar

radiation

stability classes can

be

presented in Safety Series
are presented in

tables

index

identified

is

and

the

from

the

categories

.

The

categories

day

and

N0.50-SG-S3
(3)

determined

(4),for

night

respectively .
Table (3) Stability Classification using Solar Radiation
wind
speed
( m .s )
at 10 m

S t ab i 1 i t y r 1 np.s , c\n y
with solar radiation R

(langleys.h )
R D >50 50>R >25 25>R >12.5
D
D

U < 2

A

2 < U < 3

A-B

3 < U < 4

12 .5>RD

A-B

B

D

B

C

D

B

B-C

C

D

4 < U < 6

C

C-D

D

D

6 < U

C

D

D

D

Table (4) Stability Classification using Solar Radiation
wind
speed
(m .s )
at 10 m

Stability class , night
with net radiation R
(langleys.h
-1.8>R >-3.6
R >-l .8
-3.6>R
N
N
N

U < 2

D

-

-

2 < U < 3

D

E

F

3 < U < 4

D

D

E

4 < U < 6

D

D

D

6 < U

D

D

D
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where the stability conditions are divided into six
designated A(extremely unstable) ,B,C,D,E

AND

classes

F(moderately

stable ) .
Finally, the stability parameters o

and a
y

used

in

the

2

pollutant concentration distribution may be calculated

from

the formulae:
a
y

o

- p x y
y

(9)

= P

(10)

z

xz
z

w h e r e

p , q ,p a n d
q are
e m p e r i c a l
y
y z
z
v a l u e s g i v e n in Table ( 5 ) ( S a f e t y

the

T a b l e

( 5 )

c l a s s e s

The

a n d

E m i s s i o n
h e i g h t
( m e t e r )

c o e f f i c i e n t s

two

e m i s s i o n

S t a b i l i t y
c l a s s

p , a n d

q for

c o n s t a n t s
S e r i e s

h a v i n g

N o . 5 0 , 1 9 R 0

d i f f e r e n t

)

s t a b i l i t y

h e i g h t s

C o e f f i c i e n t s p a n d q for the calculation of a and a
z
y
P
q
p
q
z
y
y
z
0.87
0 .81
0 .22
0 .97

50

A

50

B

0.87

0.81

0.22

0.97

50

C

0.72

0.78

0.21

0.94

50

D

0 .62

0 .77

0 .20

0

50

E

1 .69

0.62

0.16

0 .81

50

F

5.38

0 .58

0.40

0.62

100

A

0.23

1 .00

0.10

1 .16

100

B

0.23

0 .97

0.16

1 .02

100

C

0 .22

0 .94

0 .25

0 .89

100

D

0.22

0.91

0.40

0.76

100

E

1 .69

0.62

0 .16

0.81

100

F

5 .38

0.58

0.40

0.62

78

.94

CONCLUSIONS

The effect of aerosol and air pollution on albedo of
earth is studied . Ue get two formulae,
for B

ab

/B,

bs

, which can be used to

eqns.(7)

determine

stability

estimated. Concentration of

parameters
pollutants

the

-atmosphere

system. These results can be used for classifying
classes and the

and (8),

whether

aerosol will cause heating or cooling the earth

the

stability

a and
y

a
z

may

are

then

be

computed

from appropriate formulae.
The stability parameters given by eqns.(9) and
the most widely used in case of release from

(10) are

nurlaar

power

plants. The proposed technique in this paper will be adopted
to estimate the diffusion parameters, mixing
heights and hence the dispersion

from

the

and

inversion

Inshas

Nuclear

reactor, Egypt. The procedure given in this paper is general
and could be easily adopted and

used

for

any

site

where

meteorological observations are available.
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Fig.l Half Hourly Rel, Bet. Albedo & Surface Temp,

,1

Surface Temperature C
THE REGRESSION POLYNOMIAL OF LINE

1 -

( 4.258E-01) + ( - 8 . 0 8 2 E - 0 3 ) * X
THE VARIANCE 5.816E-04

80

Fig.2 Half Hourly Rel. Bet. Surface letup.* Albedo
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PLUME RISE AND GROUND LEVEL POLLUTION
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ABSTRACT

A theoretical model of ground level concentration of an inert pollutant
released from a chimney has been formulated . The highest possible ground
level concentration is obtained from the Gaussian plume model for power law
forms of the dispersion coefficient . The results are disscussed for various sets
of dispersion coefficient depending on stability categories .

INTRODUCTION

The Gaussian Plume

Model (GPM) (Csanady , Smith , Turner)

provides the primary method

for calculating

concentrations of

reactive pollutants from a point source. This model has found

(U;J)

non -

widespread

application in design of stacks and environmental impact analysis . In the
GPM formula for the concentration , the effective height of emission is

8U

an important parameter for ground level concentration calculations. Due to
the initial kinetic energy of the released plume and its thermal energy when
the plume temperature is above ambient air temperature, there will be an
increase in the emission height of the plume. This increase is known as the
plume rise Ah. The effective source height H is then given by ( IAEA safety
Guide)(4)

(l)

where hs is the physical stack height In order to predict ground level
concentration of pollutants, the plume rise should be taken Into consideration.
Pasquill

(S)

, Ragland

(<5>7)

and others have obtained the maximum ground level

pollution, taking into account the plume rise.

These treatments have assumed that the plume rise Ah is constant with the
downwind distance x. In the present paper, we deal with the general case in
which Ah is a function of i and we calculate, analytically, the profile of H in
terms of the downwind distance. In case where

Ah Is constant, the worst

ground level concentration was found.

THEORETICAL TREATMENT
The concentration distribution from a single release is given by the GPM as :

Q
X(x,y,z,H) =

exp

2(7.

2

/J

2a.
(2)

where Q

is

the emission rate, u the wind spead at stack height, ay and az

are the

lateral and vertical dispersion coefficients. The ground level

concentration below the centerline of the plume is btained by setting y=z=0 in
equation (2), then we have :

r // 2 wi

Q

X(x,0,0,H) =

noyozu

(3)

2a22 J

\

The standard deviations of the Gaussian distributions oy

and a2

are

functions of downwind distance x and atmospheric stability , and they are
expressed as (Turner (3) ) :

and

(4)

where the coefficients a,b , c , and d depend on the atmospheric stability
class , table 1. (Ragland(6J)).

Table 1. Standard deviations coefficient (recommended by U. S. Environmental
Protection Agency EPA ) .

Stability
Very unstable
Unstable
Slightly unstable
Neutral
Slightly stable
Stable

a
0.00022
0056
0.12
0.73
0.82
063

b
1.1
0.91
0.55
048
045

|

c
0.59
0.41
0.24
0.14
0.11
0.075

I

d
0.85
0.86
0.88
089
0.89
089

Eqution (3) then may be written as

Q
Z(x,0,0,H) =
n uacx

(5)

The maximum concentration occurs

at the region where ~ = 0. (Note

ck
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that the maximum concentration of pollutant does not occur at a definite point
or location on the ground , but it does occur o>er the whole range of x for
which we find

A-

0).

Upon differentiating equation (5) we get the following differential equation
which specifies the variation of H as function of x .

x2b = 0

(6)

Tpon making the transformation

We get the differential eqution

al(b

dx

x

Its solution
1

A
x

where A is the constant of integration .
On substituting back, we get the solution of eqution (6) as
12

2t

\n~
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xj

(7.a>

which when substituted in equation (5) gives for maximum concentration for all
x the value :

where x is the distance where the maximum concentration occurs . Equation
(7) gives the variation of the effective source height

H

as function of

downwind distance through the range where maximum concentration occurs .
The constant of integration A could be determined from case study, namely ,
the emission from the research reactor in Inchas (Mayhoub et al(8) ) ,its stack
height hs — 43 m . For example A has the following numerical values :

A= 1882

m

A=4624

m

(slightly stable)

A=68082

m

(stable)

The explicit formula of %can

(neutral)

not-easily-be deduced analytically from

equation (7) . The best fit of this relation was performed on the computer ,
which yields the following semi-empirical formula for the three abovementioned stability classes
Hm (x) = cxx2 + c2x + c3

(8)

where c p c 2 , and c3are constants , their values for different stability classes
are given in table 2 .
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Table 2 . The constants c, , c2 and c3 for different stability classes

Stability

P -35 23 I 55 03
f -27.44 1 ~ 59^39

Stable

29.63^
27A2
23.27

Graphically, the relation between xm and H is shown in Fig. 1 for the three
stability classes , neutral, slightly stable and stable .

SPECIAL CASE
Considering the case where the effective height of the emission H Is constant.
Equation (6) in this case is simply reduced to

or equivalently

X"

=

1/2^

Mi1

_a'(b

In this case , .vmcould be easily identified , and hence both <rz andcr^ can be
determined easily

I

(10)

H

Thus , the maximum concentration x*

cou
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' d be found

b+d

nJ
Xm~~

0/7

n uac La\b+d)_

Moses ,1968 formulated the plume rise A h and its stability dependence on
the following form

where B is a characterstic number for a particular stack and depends on
stability to a certain extent.
To find the worst wind velocity umunder which , the ground level
concentration has a maximum value , we

find

dx/du . Applying this

differentiation on equation (3) , taking into account that

H — hs +B In , we

get

d B

From which we can find the worst emmission height
maximum ground

«-

Hm which causes a

level concentration

(14)

Finally substituting um and Hm back into equation (11) we get the worst
ground level concentration ^WOfrt

n a c d B[b{b + d) I a d \
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100
o
a

Neutral
Stable

•

Slightly Stable

B

0
100

2000
m ( m)
Fig. 1. Relation between X m and H*
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SUMMARY AND CONCLUSIONS
In this paper we present a theoretical study which provides a satisfactory
desciption of ground level concentration in two cases : the plume rise A h is
function of downwind distance and when it is not . In the second case we
consider the variation of Ah with the wind velocity , and atomospheric
stability. Equations (9-15) determine the maximum ground level concentration
, its position , the worst wind velocity , dispersion parameters and emission
height In the first case , it was not easy to obtain such formulas due to the
complexity of the problem .

In equation (7) , it was difficult to express

analytically the formula of xm . It seems reasonable to draw these relations
and get regression

polynomials of three stability categories in case study ,

namely the emission from the research reactor in Inchas (Egypt).
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ABSTRACT
Sixty soil samples were collected from sandy soil of the
Nuclear Research Centre at Abu-Zabal, Cairo, Egypt. Samples
were taken to a depth up to 60 cm, and each was divided into
4 layers, ( 0-15, 15-30, 30-45 and 45-60 cm ) . They are
irradiated along with a standard reference material from
IAEA (SL1), for 48 hours . Gamma-spectra of activated soil
samples were taken after a cooling period of 7 days to allow
the induced activities from the short lived isotopes produced
with the sample to decay. Nine elements were identified in
these soil samples, ( Fe, Mn, Co, Cr, Sc, Ce, Nd, U and Hf ) .
All elements under investigation in this work were calculated
by means of activities induced by (n,r) reaction, using a
comparative method. Iron content in these soil samples is
very wide than most other elements. From the obtained results
it could be concluded that most of tested metals tend to
have higher concentration on soil surface (0-30 cm) , with
one exception in case of Cr which tends to accumulate at
depth from 45-60 cm. Enrichment factors (EF) for number of
elements in soil samples have been calculated, where EF is
defined as the ratio of an element concentration in soil to
reference element such as Sc which was relatively constant
throughout these soil samples and was used in this study .

INTRODUCTION
Soils can be polluted from many sources: deposition from
the atmosphere, disposal of sewage sludge and other wastes,
use of agrochemicals and/or industrial activities . The
establishment of valid background levels is of critical
importance because these serve as a useful reference points
against which to assess the extent of contamination .
The total metal content in a soil can give a useful preliminary risk indication of such elements deficiency. On the
other hand this study can also serve to indicate where soils
are contaminated and how much these contents exceed the
upper limit of the accepted normal range.
The determination of
trace element contents by direct
analysis of the milled sample using multielement techniques
such as neutron activation analysis is more sensitive and
efficient than the conventual analytical techniques . It is
worth mentioning that dissolution of soil samples by fusion
or digestion with concentrated acids followed by atomic
absorption analysis is time consuming because this is a
single element technique.
Neutron activation analysis is considered as a technique
characterized by high accuracy and giving a greater sure of
results than any other technique. Nuclear reactor is at present the strongest neutron source, where the irradiation of
14

—2

—1

samples can occur with neutron flux of about 10
n cm
s
and may be more . Also, due to special properties of thermal
neutrons for activation reactions, nuclear reactors are the
most used irradiation sources for activation analysis . The
reactions of neutrons with atomic nuclei is essential of the
process . The reaction cross section is the physical quantity
which describes the probability
of a certain reaction. It
is highly dependent on the neutron energies . On the other
hand, nuclear reactors provide a continuous spectrum of
neutrons with very wide range of energy up to 15 Mev.
When soils are not contaminated, total metal contents in

soil are related to soil factors as parent material, organic
matter content, soil texture and soil depth .
EXPERIMENTAL
Sixty soil samples were collected from sandy soil of the
Nuclear Research Center at Abou-Zabal, Cairo, Egypt, Soil
samples were taken by stainless steel augur to depth up to
60 cm. Each core was divided to 4 layers (0-15, 15-30, 30-45
and 45-60 cm). Some chosen physical and chemical characteristics are shown in Table (1). Samples were air dried, ground
and sieved to pass 800 mesh, then 0.1 gm of each soil sample
was capsuled in aluminum foils, along with a capsule of
standard reference material from IEAE (SL1), then all samples
were sealed well in aluminum cans. Samples and standards
were irradiated for 4 8 hour at the Nuclear Research Center
Reactor . The neutron flux was 1 x 10 1 3 n cm" 2 s' 1 .
The induced gamma activities were measured with a Ge (Li)
detector coupled with a 4096 multi-channel analyzer and IBM
computer. The energy calibration and detection efficiency
were determined using standard sources of
Co,
Cs and Fe.
The measurements of the gamma- spectra of the activated soil
samples were started after a selected cooling time of 7 days
to allow the induced activities from the short lived isotopes
produced with the sample such as
Al and
Mn and
Na to
decay. The counting time of each sample was half an hour and
the dead time did not exceed 3-4 % .
RESULTS AND DISCUSSION
Nine elements were identified in these soil samples. The
nuclear properties of these elements of interest
in
activation analysis are listed in Table(2) where the most
characteristic gamma-rays emitted by the radionuclide produced during the neutron activation are indicated. The
elements were classified into two groups according to the
gamma-energies of their activation products and their half
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Table (1) Physical and chemical properties of the soil
Properties
pH

8.55
Sandy

Soil Texture
Coarse Sand %
Fine Sand %
Silt %
Clay %
Organic Matter %
Ca CO %
3
T.S.S. %
CEC mg / 100 g

73.85
22.16
1.10
2.65
0.08
0.16
0.05
2.94

Table (2) Nuclear properties of some elements determined by NAA
Element

Ce
Co
Cr
Fe
Hf
Sc
U

Target
Natural
Product
Nuclide abundance % Nuclide
141

88.48
59

Co
50
Cr
58
Fe
180
Hf
15
Sc
a38
U

Ce
Co
51
Cr
59
Fe
181
Hf
46
Sc
239
Np
60

100

4.35
0.31
35.22
100

99.27
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Half
life
32.5
5.27
27.7
45
42.5
83 .9
2.35

d
y
d
d
d
d
d

Energy of Main
ray (kev).
145.4
1173.2, 1332.5
320.1
1099.3, 1291.9
133, 182
889.4, 1120
277.6

lives. All elements under investigation in this work, were
calculated by means of activities induced by (n,r) reactions.
The peak net area was obtained electronically with personal
computer code in coupling with the measuring system, utilizing a certain program (PCA). This program automatically
searches for significant peaks from the digital data of gamma
spectra, and calculates the net areas of the peaks by
subtraction from artificial baseline under the peaks, which
represents the natural background and the Compton continue
from the more energetic peaks in the spectra.
Quantitative analysis was carried out for each isotope by
comparing the activities from the most favorable peaks in
the gamma spectra of samples with those of the standard
reference material. The highest energy peaks were usually
used as in the case of Fe, Co and Sc, since their peaks
normally has less interference than lower energy peaks due
to the Compton effect . In some cases, the use of the low
level energy gamma-lines has permitted the determination of
some elements, since these radionuclides have no high energy
peaks, as in the case of Ce. Sc is the most favorable element
to be determined by this technique, due to the 10 0% abundance
of its single stable nuclide beside its 100% branching ratio
of the measured gamma lines of energies (890 Kev and 1120
Kev) . also, its convenient half-life of 83.9 days, at the
same time Zn could not be determined under the present
conditions of measurement, although it is present in the
soil samples. An irradiation time of 2 weeks and a 6 week
cooling period are necessary for the detection of Zn through
the evaluation of 1125 Kev photo peak of
Zn (Zaghloul et al
(1)
(1987)
. The results obtained for the contents of 9 elements in 60 samples from different sites (in one acre area)
and at different depths are indicated in Table(4), expressed
in parts per million (ppm). The range and mean contents data
are reported in Table (3) together with the data on skewness
values. The range of Fe contents in tested soil is very wide
than for most of other elements. No significant relation
between sample site or sample depth was found which indicate
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Table (3) General total metal levels in soil samples
ppm

Elements

Mean ± Std.(ppm)

Skewness

Fe
Mn

31760

Co
Cr
Sc
Ce
Nd

13 .39

41.70

17860
1615
7.57
76.7
4.06
43.33
27.23

U

12.78

7.6

2.46

1.891
4.137
2.388
2.501
1.454
0.815
1.283
1.788

Hf

35. 52

15.55 ± 6 .28

1.347

7940
246.4
5. 94
72.36

±
±
±
±
±
±
±
±

5774
1.13
2.01
35.5
1.12
14 .77
8.23

Table (4) Total elements concentration in different
soil layers.
depth
cm
-

15
30
45
60

Fe
ppm

Mn
ppm

Co
ppm

Cr
ppm

Sc
Hf
ppm ppm

U Ce
ppm ppm

Nd
ppm

21140 1550 8.6

77.6 4 . 98 18.1

8.6 50.3

27.3

16780 2130 6.9

69.4 3.88 15.9

7.6 40.1

26 .7

16030 1270 7.6

79.2 3 .70 13 .1

7.0 40 .1

27 .4

17490 1510 7.2

80.6 3 .70 15.1

7.2 42.8

27.5

Mean 17860 1615 7. 57 76.7 4 .06 15.55 7.6 43 .33

27.225

Table (5) Enrichment factor ratio (EF) in different
soil layers.
depth cm
-

15
30
45
60

Co

Cr

Hf

U

Ce

Nd

Fe

Mn

4245
4325
4332

311 1.73 15.6 3.6 1.72 10.1 5.5
343 2.04 21.4 3.6 1.89 10.8 7.4

4792

413 1.98 22.1 4.2 1.97 11.7 7.5

548 1.79 17.4 4 .1 1.95 10.4 6.9
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the spatial variability for total Fe content in this soil.
The stepwise regression analysis showed the following
equation :Total Fe=1593.86 total Co+1513.66 total Sc-345.4 (R2=0.585).
It is well known that Fe content of soil is both inherited
from parent rocks and the result of soil processes. The most
common range of Fe in soils is from 0.5 to 5% . Similar
results were obtained by Zaghloul et al. (1987) (1)
. They
used non-destructive neutron activation analysis technique
for some Egyptian soils. The range for Co was 13.39 and no
significant relation between total Co content and either
site sampling or soil depth. The only significant relation
obtained by the stepwise regression analysis was as follow:Total Co=1.814+ 0.0002 total Fe + 0.094 total Hf+0.211 total
Ce (R 2 =0.685).
The normal Co content of surface soils usually ranges from 1
to 4 0 ppm and the grand mean of Co concentration for
worldwide soils is 8.5 ppm (Wells, 1960 and El-Sokkary
1980) ( 2 > 3 ) .The range for Cr was 246.38 where the minimum was
7.69 ppm and maximum was 253.93 ppm the grand mean Cr
content is 54 ppm for surface soils of the USA and 65 ppm for
worldwide soils no significant relation was obtained for any
of the tested elements, sites or depths. Mn is one of the
most abundant trace elements in the lithosphere and the
range of Mn on world scale varies from 10 to 90 00 ppm and
maximum in the frequency distribution of values occurs
approximately from 200 to 800 ppm. The grand mean calculated
for world soils is 545 ppm our results showed that the
average in tested soil was 1615 ppm whereas minimum was 590
and the maximum was 8530 ppm with no significant relations
with any tested parameter, since it is well known that Mn is
not distributed uniformly in soil substrata.
In soil Sc
content is governed mainly by the parent material and its
lowest concentrations are reported for sandy and light
organic soils, whereas a higher amounts have been found in
soils derived from granitic and volcanic rocks. Laul et al.
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(1979)
gave the range of Sc concentration in soils as 2.9
to 17 ppm. Data obtained showed that Sc average content was
4.06 ppm and it has the lowest range value which means it is
relatively constant throughout this soil, A significant
relation between total Sc and soil depth, Fe, Hf and Nd
content (R2 - 0.636)
Total Sc = 2.676 + 0.00007 total Fe + 0.016 soil depth +
0.094 Hf - 0.026 Nd.
Among the actinide series of metals U and Th are the only
naturally occurring elements in the earth's crust. Little
information are available with respect to Th and U in soils.
Results show small variation in the contents of their
element with soil types, the worldwide mean ranged from
0.79 to 11 ppm. Our data showed that U content ranged trom
4.13 to 16.91 ppm and average of 7.57 ppm however no
significant relation was obtained with either soil depth or
site. A significant relation was observed when Co and Ce
content were introduced to the stepwise regression analysis
equation (R2= 0.527).
Total U = 0.624 + 0.575 total Co + 0.06 total Ce.
Some of the rare earth elemental abundance, which are useful
indicators of geochimical or environmental history were also
determined. The concentration of Ce and Nd are reported to
range from 29.5 - 50 ppm and 27.9 to 35 ppm respectively,
Bowen, 1079 ( 5 ) ,
Laul et al. (1979) (5) , and Ure and Bacon,
(1978)(61 our data showed that the mean for Ce was 43.33 ppm
and for Nd was 27.23 ppm. the obtained stepwise regression
analysis equations were as follows.
Ce = 1.728 U + 2.704 Sc + 1.009 Nd - 3.245 (R2 = 0.621)
Nd = 8.068 + 1.787 Mn + 0.375 Ce

(R2 = 0.527)

Hf ranged from 4.2 to 39.7 ppm with average of 15.55 ppm
these values are relatively higher than results reported by
Zaghloul et al.(1978) (1} . Which ranged from 2.2 to 8.3 ppm.
A significant relation between total Hf and sample site,
total Co, Sc and Mn (R2= 0.684).
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Total Hf = 1.188 total Co -0.373 Site + 2.279n Sc + 0.932 Mn
~ 0.905.
In general Table(4) represents the mean levels of studied
metals distribution in tested sandy soil at different depths
up to 60 cm. It could be concluded that the most of tested
metals tend to have higher concentration on soil surface
(0-30 cm) with one exception in case of Cr which tend to
accumulate at depth from 45-60 cm. Table (5) shows EF ratio
for tested element with soil depth . EF varied from an
element to another, for example the highest EF values were
noticed for Fe and Mn and the lowest EF values were obtained
with U and Co. It was reported that Mn can be concentrated
in various soil horizons, particularly in those enriched in
top soils as the result of its fixation by organic matter
CONCLUSION
Metal levels reported in this study can serve as a useful
basis

for

determining

the

background

levels

of

these

elements in Egyptian sandy soils.
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ABSTRACT.

Water hyacinth is tested as an indicator for pollution in
Egyptian fresh surface waters. Metal composition of water
hyacinth as affected by area of collection (water bodies) was
studied and the suitability of this plant as a biological
indicator for water pollution was discussed. Water hyacinth
samples were collected three times per year for two years
(1993 - 1994). Sample sites include one location in the river
Nile (at Helwan area), one site in Ismailia canal, (at
Mostord industrial area) and one site in Abo - Zabal drain
(at Abo - Zabal city) . The concentration of 15 major and
trace elements in plant samples were determined by prompt
Gamma-Ray Neutron Activation Analysis
(PGNAA).
Results
indicated that plant part as well as location have a
significant effect on elements content. Water hyacinth roots
showed high affinity for accumulation of trace elements.
Plant samples analysis showed good response to the levels of
major elements in water foodies, which may suggest the good
potential use of such plant as a biological indicator.
Moreover, the biological accumulation factor (BAF) indicates
the affinity of the studied metals to reflect the levels of
the surrounding environment.
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INTRODUCTION
Increased
useful

interest

resource,

for

in converting
example

as

aquatic weeds
animal

feed,

into

a

compost

fertilizer or energy production, and further as a pollution
control biological indicator species11"31, makes information on
the heavy metals content of such plants essential to provide
a background database from unpolluted areas throughout the
world. More information about the presence of these metals in
Egyptian aquatic environments is needed. The particular case
of WH (Eichhronia crassipes) is treated here, one of the most
important qualities of WH is its effectiveness and efficiency
in removing different inorganic elements, especially heavy
metals, from contaminated water. This makes it useful as a
biological indicator for environmental pollution14 " 51. Jamil
et al.l6] reported that WH has the ability to remove 68, 35
and 28 % of Cd, Zn and Fe respectively, from water within
five minutes. The removal of Cu, Cd, Zn and Fe in 24 hours
were 92, 82, 66 and 78%, respectively.
The reliability of a biological indicator depends on its
efficiency in representing prevailing environmental levels of
pollutants. This depends upon: a) accumulation rate b)
physiological condition c) Age or size d) Interference, e)
Environmental variables. WH has two important advantages as
indicator. 1) They are stationary and visible to the naked
eye,
and
2)
with
attempts
already
made
to
assess
17
81
environmental damage
. WH composition data in the
literature indicate a very wide range of variation in
chemical content191.
This variations were related to study
site, position in the stand, season, plant part, and chemical
nature of the habitat. Maximum nutrient levels have been
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observed at the time of maximum growth1101. Goel et al.,1111
showed that the accumulation of Ca, Mg and N by WH depends on
the initial concentration of nutrients in water, the period
of growth and the plant part. Hideo et al.,1121 found that
roots, bulbs, and leaves contained a large amount of K, Na,
Mg, Ca, and P when WH was grown in solution containing high
concentrations. Plant content of some heavy metals determined
by several workers ranged as follows: 63-2770; 220-280; 5560; 5-10 and 0-< 5 ppm for Fe, Mn, Zn, Co and Pb
respectively,I13 "14J.
Monitoring is a basic tool in pollution control, without
monitoring there are no data upon which to base control
techniques, and no means to measure progress resulting from
their application.
The aim of this study were to evaluate the efficiency of
WH as a biological indicator of heavy metal pollution.
MATERIALS AND METHODS
Samples of water and WH were collected from the river
Nile (at Helwan area), Ismaillia canal (at Mostord area), and
from Abo- Zabal drain
(near to Abo-Zabal housing and
industrial area). These sites were selected such a way that
contaminations could be expected (industrial and residential
wastewater impact). Samples were collected at 20 m intervals
along 100 m line. The sites chosen for Abo Zabal drain were
to represent samples of water highly contaminated by
agriculture waste drainage and housing sewage, sites of
Ismailia canal to samples a relatively diluted case (with
industrial wastewater) and the river Nile site to represent
samples
of
a
highly
diluted
case(
with
industrial
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wastewater). Each Sample was replicated 4 times and treated
Separately. Water samples were acidified, filtered and heavy
metals content were determined using Atomic Absorption
Spectroscopy. Plant samples were washed and separated into
shoots and roots, then dried at 70C For 24 h. Dry plant
materials were kept in a polyethylene vials for the nondestructive analysis technique. Samples were analyzed for
some major and heavy metals using prompt gamma-ray neutron
activation analysis technique (PGNAA). Full details of the
system have been reported elsewhere116'. Gamma emission for
several elements was measured, calculated, and printed out by
4096 multi-channel analyzer (Canberra- 35 plus). The peak
analysis are completed through a prolonged analysis computer
program by IBM personal computer in conjunction with the
system. Energy calibration and efficiency calibration had
been performed by fitting a polynomial function to all
reference points using a number of radioactive standard
sources Am241, Cs137, Co57, and Co60. The prompt gamma-ray
spectra obtained are detected by using an anti-compton
detection array containing a hyper - pure germanium detector
of 16 % relative efficiency surrounded by Nal-Th detector.

RESULTS AND DISCUSSION
Water samples
Water samples showed varied contamination by some heavy
metals particularly is case of Abo-Zabal drain with, Zn, Cd,
Cu, and Ni if compared to permissible heavy metals levels in
drinking water (Table 1) .
elemental Plant content
The elemental constituents of WH samples in this study,
estimated by means of activities induced by
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(n,y) reaction.

The gamma-ray emitters were identified according to the
energies of the well resolved gamma-ray lines taking into
consideration that some of product isotopes could exhibit
more than one gamma-ray line.
Elemental content varied by WH shoots and roots and by
different selected of measurement (Table 2) . Concentrations
of k, Na and Ca levels were the highest whereas Rb and Cs
were the lowest. Shoots/roots concentration ratios was always
3 For Na, k and Ca, however it was 0.3 for other elements,
with the exception of samples collected from Abo -Zabal drain
which was around 0.3 for all elements due to the high
accumulation of these metals in roots. This might indicate
that the WH nutrient balance is affected significantly by
ambient element levels in the growing media (water body).
Cs apparently is not an essential component of plant
tissues, and there are few data on its occurrence in plants.
Cs is relatively easily taken up by plants, although its
absorption by roots appeared not to be parallel to k
absorption. Cs contents in WH were ranged from 0.09 to 0.87
mg/kg (Table 2) . Ozoliniya and kiunke1191 found that different
crops accumulated Cs in roots (highest value, 0.32 mg/kg).
Our data showed a higher accumulation in root samples from
both the drain and Ismailia canal which may suggest a
potential accumulation of this metal in those water bodies.
Micro-nutrients
The effect of location on chemical composition of the WH
plant parts is shown in Tables (3 and 4) . As expected most
major elements are concentrated in aerial parts, while trace
elements are concentrated in roots in all areas. While trace
elements levels were significantly higher in samples
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collected from Abo-Zabal drain compared to Nile and canal
samples. Iron contents ranged from 334 to 1554 mg/kg. Where
Fe is easily soluble, plants may taken up a very large amount
of Fe. The natural Fe content of Fodder plants ranges from 18
to about 1000 mg/kgl20J.
Zinc and Cu levels in WH samples were in the normal reported
levels. Zinc ranged from 10.4 to 93.6, Cu ranged 5.6 to 48.8
while the reported levels for WH are 250-3420, 11-67 and 15395 mg/kg for Fe, Zn and Cu respectively1213. In several
species growing under widely ranging natural conditions, Zn
and Cu contents of shoots do not often exceed 32 and 20 mg/kg
respectively, l221.
heavy metals
The mean levels of Ni in WH range from around 0.82 to 7.3
mg/kg, which are higher than the reported normal levels in
land plants 0.1 to 3.7 mg/kg1231.
Wolverton and Mcdonald1211
found that WH absorbs and accumulates number of heavy metals
such as Cu, Cd, Pb, Cr, Fe, Mn and As. There is not much
literature on Cr in plants. Common levels of Cr found in
plant material are usually in the order of 0.02 to 2.0 mg/kg.
As shown in Table (3) Cr levels in WH foliage and roots were
2 and 6.8 mg/kg, respectively. As shown in Table (4) Cd, Pb,
and Hg were always higher in plant samples taken from the
drain compared to samples from canal and Nile Which indicate
the relative accumulation of these metals in the small water
bodies (e.g. drain and canal compared to the Nile). The
distribution of Hg in plants has recently received the
attention of most studies because of its potential pathways
into the food chain. Most information is related at present
to the content of plant Food stuffs. The background levels of
Hg in vegetables and fruits vary from 2.6 to 86 mg/kg122 and 23] .
Plant differ in their ability to take up Hg, for example, it
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was reported that Hg ranged from 0.5 to 3.5 mg/kg in trees
and Shrubs from areas of Hg mineralization1221. Our results
showed that WH accumulates Hg in amounts ranged from 0.03 0.2 and 0.1 -0.4 mg/kg in Foliage and roots, respectively. Hg
shoot \root ratio were equal to 0.5 in the drain and the
canal, however, at the Nile site it was only 0.3.
Pb is a major chemical pollutant of the environment there
for, its concentration in vegetation in several countries has
increased in recent decades owing to man's activities.
Natural Pb in plants growing in uncontaminated areas appears
to be quite constant ranging from 0.1 to 10 mg/kg(17}. Our
results showed Significant Pb accumulation in WH plants
collected
from
Ismailia
canal
and
Abo-Zabal
drain,
particularly in roots.
In human and animal nutrition Cd is accumulative, poison,
therefore, its content in foodstuffs and feed plants has been
widely studied. A conparison of Cd contents of plant
foodstuffs produced under
uncontaminated
conditions
of
various countries Shows the highest Cd concentration in
spinach leaves (0.11 ppm, FW) and lettuce leaves (0.66 ppm
DW) as reported byl20J. Our results of Cd content are
relatively lower than those reported and lie in the
background levels.
Biological a c ^
The interrelation between tested elements in different
samples in each site could be useful for the interpretation
of the recorded results. For exarnple, ratio between plant
content and water metal levels indicates the biological
accumulation factor (BAF) according to Webber(24) . The BAF may
reflects the affinity of the studied bio-organisms to
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specific elements or pollutants. High BAF values express the
high affinity of such organism for the studied pollutants. As
shown in Table (5) plants grown at Ismailia canal showed the
highest BAF values for Zn, Cu, Pb, Co, Cd and Ni as compared
with the other tested sites. These findings could be easily
explained by the relative higher dumping load of industrial
waste water in Ismailia canal and less dilution effect is
expected in such relatively small water body compared to the
Nile.
CONCLUSION
From the forementioned results, it could be generally
concluded that the biological accumulation factor BFA, could
be recognised as helpful to point out the variations of
different sources of polluted water, as well as, the affinity
of various hyacinth plant parts to a specific element or
pollutant. Moreover, the variations in BAF values, due to
different locations may give the satisfaction to the use of
WH plants as a biological indicators for heavy metal
pollutants. Chemical composition of WH seems to be affected
greatly by either location or plant part. Aerial parts differ
than root zones in their content of trace elements. Water
hyacinth could be a good biological indicators. Also, it
seems that it should not be used for animal feed since it
accumulates heavy metals such as Pb, Hg, and Cd particularly
in roots.
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Table (1) Heavy metals concentration in water samples ug/L
Metal
Ug/L

Nile

Ismailia Canal

Abo-Zabal
drain

Drinking
water

Fe
Mn
Zn
Cu
Pb
Cd
Co
Ni

30
10

45

60
170
180
<10
46
<10
<10
<10

200
<15
200
3
0.1
50
0.5

12.4
5.1-3.5
3.1-4.5
3.9-4.8
0.5- 0.89
5.7-6.5
4.30

10-50
<10
<12
<10
<10
<10

3000

Table (2) Major elements content (mg/kg) in water hyacinth
plant (Shoots and roots) samples.
location

organ

Na

K

Rb

Cs

Mg

Ca

Nile

Shoot
Root
ratio

15.9
5.2
3.1

34.3
11.4
3.0

0.52
1.8
0.3

0.09
0.32
0.3

4.1
13.1
0.3

21.8
7.1
3.0

Ismailia
canal

Shoot
Root
ratio

9.7
3.2
3.0

36.5
12.5
3.0

0.97
3.2
0.3

0.25
0.87
0.3

6.4
21.2
0.3

22.7
7.5
3.0

AboZabal
drain

Shoot
Root
ratio

17.2
52.5
0.3

14.2
42.8
0.3

1.7
5.7
0.3

0.26
0.87
0.3

7.30
26.10
0.3

7.6
22.6
0.3
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Table (3) Some trace elements content (mg/kg) in water
hyacinth plant (Shoots and roots) samples.
location

organ

Fe

Zn

Cu

Co

Ni

Cr

Nile

Shoot
Root

ratio

334
911
0.37

18.4
48.8
0.38

5.6
15.2
0.37

4.2
14.7
0.29

0.82
2.4
0.34

1.11
3.2
0.35

Shoot
Root
ratio

448
1212
0.37

21.6
57.6
0.38

11.2
30.4
0.37

7.2
18.3
0.39

1.7
4.8
0.35

1.6
3.8
0.42

Shoot

484
1554
0.31

10.4
93.6
0.09

16.0
48.8
0.33

10.8
32.1
0.34

2.5
7.3
0.34

2.3
6.8
0.34

Ismailia
canal
Abo-Zabal
drain

Root
ratio

Table (4) Some heavy elements content (mg/kg) in water
hyacinth plant (Shoots and roots) samples.
location

organ

Cd

Pb

Hcj

Nile

Shoot
Root
ratio

0.4
1.0
0.4

9.0

25.1
0.36

0.03
0.10
0.30

Shoot
Root

0.4
1.2

ratio

0.33

18.9
52.7
0.36

0.10
0.20
0.50

Shoot
Root
ratio

0.7
2.1
0.33

26.9
74.7
0.36

0.20
0.40
0.50

Ismailia
canal
Abo-Zabal
drain

Table (5) biological accumulation factor (BAF) of selected
elements in water hyacinth samples (shoots and roots) at
different water bodies.
Site

Nile
Ismailia
canal
AboZabal
Drain

Plant
part

Biological accumulation factor ratio
Fe

Zn

Cu

Pb

Cd

Co

Ni

Shoot
Root

11
30

0.6
1.6

0.56
1.52

0.75
2.09

0.04
0.10

0.42
1.47

0.08
0.24

Shoot
Root

10
27

5.0
13

2.95
8.00

4.4
12.3

0.58

1.74

1.18
3.00

0.40
1.12

Shoot
Root

8
26

0.05
8.6

1.60
4.88

0.58
1.62

0.07
0.21

1.08
3.21

0.25
0.73
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ABSTRACT

Ion chromatography has become the method of choice for
determining sub ppb of inorganic, organic anions and cations.
This technique is now extensively applied to environmental
applications such as air pollution, industrial hygiene,
drinking water quality, and industrial waste treatment. It is
also used in testing of chlorinated water for inorganic
anions including; chloride, chlorate, nitrite, nitrate as
other
organic
anions
using
chemicallly
suppressed
chromatography.
Ion chromatography plays a central role in assuring Long
term Integrity of Steam Generators and Turbines by maintaing
good control of chemistry. The ability to discriminate and
identify individual corrosive and non-corrosive ions at sub
parts per billion levels with ion chromatography has allowed
plants to reduce operating costs through identifying and
eliminating sources of corrosive instrusion, optimizing and
extending the lifetime of demineralizer resins, measuring
hideout return, and maintaining mass balance.
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INTRODUCTION
Ion chromatography has provided the capability for
monitoring inorganic anions and cations such as chloride,
sulfate, fluoride, sodium, potassium and ammonium in aqueous
matrices. Environmental applications such as air pollution,
industrial hygiene, drinking water quality, and industrial
waste treatment are well documented.
Steam generators in pressurized water reactors nuclear
power plants occasionally experience tubing degradation by a
variety of corrosion related mechanisms which depends on
water chemistry. A number of chemistry monitoring programs
that have been implemented at pressurized water reactors
(PWR), and boiling water reactors (BWR) have significantly
helped to extend useful operating components lifetime and
have measurably increased availability of components in
contact with water. Ion chromatography due to its ability to
individual anion and cation species, to achieve parts per
trillion detection limits, and to operate on-line, has played
a central role in implementing these chemistry monitoring
programs. Applications of Ion Chromotography in Environmental
monitoring has provided essential information allowing the
determination
of
minor
condenser
leaks,
maintain
scrubber/flue gas desulfurization chemistry in fossil plants,
and monitor EPA Pond leakage; well and waste water. This
paper will deal primarily with the corrosion issue in the
nuclear industry.

CORROSION IN NUCLEAR STEAM GENERATORS AND TURBINES
Economic Factors
The cost of corrosion and deposition is high in all types
of electric utility power plants, pressurized water reactor,
boiler water reactor and fossil fuel type plants. Costs
include reduced operating lifetime or even catastrophic
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failure of plant components, such as steam generators, boiler
tubes, condenser tubes and turbine blades. Other costs
includes plant down time for cleaning and maintenance,
reduced thermal transfer and thus reduced power generation
efficiency, and deminerlizer resin maintenance and disposal.
PWR units probably have experienced the most critical need
for corrosion control, particularly at the steam generator
which interfaces between the primary and secondary systems(1).
The cost to replace a steam generator can reach hunderds of
millions of dollars plus the cost of purchasing replacement
power.
In addition to reducing crud induced localized corrosion
(CILC), BWR plants focus on optimizing demineralizer bed
performance and increasing demineralizer bed lifetime. By
focusing on resin change out based on ionic leakage rather
than on volume throughout, demineralizer bed lifetime have
been increased by 50%. A fifty percent increase in
demineralizer resin lifetime translates to about one million
dollars per year savings in resin purchases and waste
processing in a typical BWR plant (2) .

Corrosion Mechanism
Steam
cycle
intrusion
of
corrosive
contaminants
particularly sodium, chloride and sulfate, have been
implicated as a major cause of corrosion and deposition
related in nuclear and fossil plants. These contaminants are
introduced into the cycle from three main sources: (1) makeup water contamination (2) condeser tube leaks and (3)
contamination of condensate return from auxiliary system.
Cations (as caustic) and anions (as acids) concentrate in
certain areas of cycle and induce stress cracking and
corrosion (SCO intergranular attack (IGA), or denting,
particularly in steam generator and boiler tubes, turbines,
condenser tubes, expansion joints and other critical
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components.
Corrosion
problems
due
to
introduction
of
ionic
contaminants have been well documented. Porous deposits from
feed water excursions in boiler tubes have been found to hold
caustics, chlorides and sulfates and lead to hydrogen damage
and caustic gauging'3' . Chloride has been observed to induce
stress corrosion and cracking at turbines. Sulfate salts have
been deposited in the reheat section of boiler. Sodium (as
caustic) has been found in expansion joints located between
the intermediate and low pressure turbines.
As a result of corrosion induced failure occurences the
electric power research institute (USA), has established
consensus guidelines for sodium, chloride and sulfate in
nuclear and fossil Guidelines are 1 ppb for chloride, 3 ppb
for sulfate and 1 ppb for sodium in boiler water of PWR and
BWR plants.
Ion Chromatography
Monitoring Program

as

an

Integral

Part

of

Chemistry

The goal of a chemistry monitoring program is then to
extend plant useful
operating
lifetime and
increase
availability of components in contact with water. This
program is implemented in two-fold manner. First chemicals
are added and monitored in water in order to maintain pH
range that minimizes carbon steel corrosion ( Typically pH
9.2-9.6), or to control oxygen in the systems. Secondly
corrosive contaminants such as sodium, chloride, and sulfate
are monitored in order to maintain the quality of make-up and
feed water, maintain anion to cation ratios in the system,
and to limit the duration of condenser tube leaks.
Ion chromatography plays a unique and central role in
chemistry monitoring program. In addition to being the most
economical analytical technique for measuring chlorides and
sulfates. Ion chromatography provides several capabilities
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that make it an integral tool in a good chemistry monitoring
program.

Identification of Corrosive vs. Non-Corrosive Ions
Cations conductivity meters are typically the first order
of defense against corrosive contaminant intrusion in power
utilities. Cation conductivity measure the conductivity of
total anions in a sample after the anions in the sample have
been converted to their acid form. If cation conductivity
goes above a specific guideline action level (such as 0.3
/anno for fossil plant feedwater) then an action such as
reducing plant power is taken. Since cation conductivity
meter respond to non-corrosive ions as well as corrosive
ions, reducing plant power based solely on a cation
conductivity parameter may be unnecessary.
Ion chromatography readily distinguishes between corrosive
and non-corrosive ions. In a typical analysis for chloride
and sulfate, Ion Chromatography simultaneously identifies and
qualifies a range of other inorganic and organic ions, such
as fluoride, phosphate, acetate, formate, oxalate and
chromate. This provides the ability to distinguish cation
conductivity excursion due to corrosive ions (e.g. sulfate
and chloride) versus excursion that may be due to noncorrosive ions (e.g. acetate, glycolate, carbonate or
chromate).
Figure 1 illustrates the ability of ion chromatography to
distinguish between a cation conductivity excursion due to
air in-leakage versus sulfate or chloride intrusion(4) . It was
observed that one of the units at this plant experienced
increases in cation conductivity above 0.3 ^mhos as the unit
swung from full load to minimum load during night. During
this period, the chloride and sulfate levels measured by ion
chromatography decreased slightly. At the same time by
trending ion chromatography peak area, carbonate was observed
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Figure I: Identification of Air In-Leakage vs. Chloride, Sulfate Intrusion
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Janick, M, Baltimore Gas and Electric Company, "Portable On-Line Ion Chromatography as a
Troubleshooting Technique for Operating Cycle Chemistry at Fossil Power Plants. " Presented at
the Fourth Ion Chromatography Symposium for the Power Industry, May 1993.
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to increase at the same rate as the cation
excursion.

The

increase

in

cation

conductivity

conductivity

could

reasonably be attributed to air in-leakage to the condenser.
Organic acids, such as formate, acetate, glycolate and
oxalate are very commonly present in water/steam cycles.
These organic acids, formed by the oxidation of orgainc
materials present in the water, contribute to cation
conductivity. Ion chromatography easily resolves organic
acids from inorgaic anions
(figure 2 ) , allowing the
contributation to cation conductivity from organic acids to
be measured.

Identifying Sources of Corrosive Contaminants
The ability to identify individual anions that causes an
inrusion condition frequently allows us to identify the
source of contamination. A table summarizing experiences at
several plants that have identified sources of contamination
using Ion Chromatography is shown in figure 3.
Optimizing and Extending the Lifetime of Demineralizer Resin
Another unique capability of Ion chromatography is its
ability to achieve parts per trilion (ng/L) detection limits.
These detection limits are useful for monitoring and
optimizing the performance of demineralizer beds. The
benefits of monitoring and optimizing deminerlizer bed
performance with ion chromatography is to extend their
lifetimes and to help maintain anion to cation balances in
the cycle water.
In one case, Ion Chromatography was used to determine the
effectiveness of a new regeneration procedure for polisher
beds(5) . Ion Chromatography
was
able
to verify
the
effectiveness of the new procedure down to 12 parts per
trilion level of sodium, 10 parts-per trilion sulfate while
the anion resin was in the ammonium form. Information
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Figure 2: Discrimination of Organic Acids from Inorganic Anions
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Figure 3: Identifying Sources of Contnminatioii using Ion Chromatgraphy

Analytc(s) Identified

Experience

Outcome

Sulfatc ,Nitrate

Observed one-to-one ratio of
sulfatc to nitrate at elevated levels

Source tracked to resin injection
from the condensate and reactor
water clean up dcmineralizcr(7>

Acetate, Formate .Phosphate

Observed elevated phosphate
.organic acid levels

Fuel Failure attributed to
clcctrohvdrnulic control fluid
intrusion*8*

Sulfate

Boiler water cation
conductivity,sulfate levels
increased but sodium level low

Unit taken offline ,condenser
flooded .22 leaking condenser tubes
found(9)

Fluoride

Boiler water cation conductivity
,fluoride level high

Contamination identified as
fluoride from welding slag after
replacing expansion joints(10)

Acetate, Formate

Organic acid earn over into
secondary cycle observed

Source from preservative coating
on a turbine replacement(ll>

Nitrate

Reactor water conductivity began
increasing at the same time nitrate
level increased

Nitrate intrusion traced to urea
from bird that entered waste
system(12)

Chloride

An upset for chloride from 1 ppb to The upset was due to chloride
contamination in a stand-by
10 ppb over a several hour period
feedwater
that was briefly placed in
was observed
operation

121

provided by Ion chromatography allowed maintenance of a
neutral balance of anion-cation in the crevice region (found
to be 3-5 times greater for anion than cation when operating
at a 100% power). Figure 4 shows a typical Calibration blank
at the 5 parts per trilion levels for chloride and sulfate
and at the 8 parts per trilion level for sodium(6) . The
stability of trending data for sulfate at the 5 parts per
trilion level in demineralizer deep bed stream is also shown
un figure 4.

Studying Hideout Returns and Mass Balance
A third important feature of ion chromatography is its
ability to monitor water on-line. On-line operation provides
an important tool to study hideout return and mass balances,
to control deminerlizer bed maintenance and change-out, and
to identify and rapidly respond to excursions, such as
condenser tube leaks.
Hide-out return provides one of the most useful indicators
for wheather a chemistry program has been successful. On-line
Ion Chromatography makes practial the ability to inventory a
wide range of ionic species that may return over a short
period time during power down. Tracking multiple species
allows the ability to determine anion-to-cation balances and
to identify corrosive situations.
Future Trends in Ion Chromatography
The technology of Ion Chromatography is continuing to
evolve
to
meet
the
demanding
requirements
of
the
Environmental regulations and the nuclear power industry.
Recent advances in the area of improved system performance
and methodology now allow sub parts-per billion detection
limits by direct injection in power plants matrices.
AutoNeutralization technology has been incorporated into
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Figure 4: Measurement of Anions and Cations at Parts-per-Trillion Levels
by Ion Chromatography
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Davis, S., Entergy Operations Grand Gulf Nuclear Station, "Analyses of Anions and Cations at Low
Parts-Per-Trillion Levels in a BWR High Purity Water, " Presented at the First Ion Chromatography
Symposium for the Power Industry, Atlanta, GA, April 1990.
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an automated module allowing automated on line elimination of
matrix interfaces in amine-containing waters, borated waters,
concentrated ammonium hydroxide, and concentrated organic
amines. Microbore technology has also been incorporated into
on-line Ion Chromatography significantly simplifying and
improving the performance and reducing the operating cost of
on-line Chromatography.
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DOSE ASSESSMENT OF RADIATION WORKERS AT
ATOMIC ENERGY AUTHORITY
"Inshas Site" 1964-1994
M.A.GOMMA AND S.K.YOUSSEF
Rad. Prot. Dept., N.R.C., Atomic Energy Authority,
Cairo, Egypt

ABSTRACT
For external personnel dosimetry, film badge system is mainly in use.
The average annual exposures to radiation workers at the Atomic Energy
Authority in Inshas site are discussed during the period 1964-1994. The
average annual external exposure were also found to vary from 2.65 mSv
to 8.S mSv. The collective dose varied from 0.65 to 1.79 man Sv.
Following ICRP recommend ations, standard annual limit 20 mSv, 4.6
mSv which was found 23% of that limit recommended by ICRP. The exposure recieved by radiation workers were found to be, 50% of the workers recieved 3mSv, 20% recieved 7.5 mSv and 7% in the range of 10 mSv
to 20 mSv.
INTRODUCTION
In the Egyptian Atomic Energy Authority so many radiation facilities
are in use, such as research reactor, Van-de-graff Accelerator, Radiochemical, Laboratories in addition to various gamma and neutron sources.
The radiation protection department is mainly responsible to maintain
whatever relevant protection against hazards of radiation to various users.
Furthermore, this service was mainly achieved through the use of the different already performed and installed techniques of external and internal
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dose evaluation. For personnel dosimetry, the film badge system is used.
The Atomic Energy Program was established in 1957 and radiation personnel records were collected yearly as earl as 1961. Occupational exposure were reported by El-Naggar et al.(1968), Gomaa et al.(1983) and
1991) and Gomma (1995).
The aim of the present work to report radiation exposurs recieved by
NRC workers during the period 1964 to 1994. Moreover data the collected of radiation exposures for Atomic Energy workers are intercompared
with the recommended dose limits in ICRP-60 (1991).

Personnel Dosimetry System
The personnel dosimetry system in use is the Harwall blue badge and
kodak radiation monitoring film. The calibration sensitivity of the film
badge personnel monitoring system was individually evaluated for the
different filters of the film badge system. Detailed studies of the various
exposures in NRC showed that, most users exposures was due to gamma
radiation. Hence forth, users doses were estimated under the lead filter of
the blue badge.

Users Personnel Dose Records
Table (1) presents the personnel doses recieved for the period 19641994$ according to year of exposure and name of NRC department. The
recorded whole body annual dose "D a " recieved by personnel is tabulated
according to the regression
1
dj

N
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where i = is noted as a group number 1,2,3,4,.... who might recieve
respectively average exposures <1, 1-5, 5-20,... etc.
Nj is the number of workers in each group, and

Table (2) shows the typical distribution of annual exposures among
the workers for 1994 years.
According to the noted data in Table (1) the annual exposure to
NRC workers during the period 1964-1994 are noted in Table (3) and is
found to be varied from
mSv to
mSv with a mean value mSv.
The collective dose S= 2J\ Ni Dj for each department is noted also
in Table (3) over the period of 30 years i.e. 1964-1994.
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Table (l)i Average annual expoaure in aSv for the period 1964-1994.
Dept.
year of
expoaure

Bad. prot.

N.

0.

T h e o r .phy«.

N.

Exp. I-hye.

D.

N.

Reactor

Reactor phy».

N.

0.

N.

D.

Nucl.
Cham.

N.

D.

Iaot.
Product.

Rad.
laotopa

N.

N.

0.

D.

Msttallurgy

N.

0.

1964

24

6.2

_

28

J.4

28

12.1

35

8.4

17

3.9

18

3.2

196S

21

5. 8

-

-

31

11.2

31

11.1

31

7.6

23

6.2

19

9.6

-

-

-

-

1966

17

6.3

-

-

26

6.S

27

9.3

42

5.1

21

5.7

16

7.4

-

-

-

-

1968

21

4.7

-

-

15

5.2

35

1.4

37

1.9

19

6.1

15

5.8

19

1.9

-

-

1969

14

S.I

-

-

21

3.7

29

2.1

33

2.6

27

6.9

17

6.2

IS

2.1

-

-

1970

26

4.9

-

-

19

4.9

32

1.1

31

3.4

30

3.9

21

4.5

22 3.6

1971

33

7.4

-

-

2S

2.4

33

l.S

36

4.1

31

4.8

19

3.9

13

5.4

37

1.7

1972

29

6.1

-

-

17

1.9

24

0.7

27

2.7

28

3.9

8

6.4

15

3.9

29

0.5

1973

33

6.S

-

-

26

O.S

2S

1.9

28

4.1

26

3.9

18

3.9

14

2.4

27

1.7

1974

26

7.8

-

-

23

1.1

22

3.7

30

3.1

28

S.I

17

1.2

21

0.7

17

5.4

1975

29

S.9

-

-

24

1.7

27

6.4

29

3.5

28

5.7

21

7.4

21

1.2

13

3.7

1976

25

4.6

-

-

2S

0.8

23

8.1

33

4.S

27

4.9

22

5.2

18 0.6

22

1.1

1977

31

6.1

-

-

21

0.9

19

S.3

30

3.3

19

3.8

18

2.8

20

1.2

16

2.2

1971

33

3.9

-

-

33

S.4

41

8.1

33

4.3

24

0.8

-

'-

-

-

-

-

1979

27

4.6

-

-

29

4.7

37

7.5

37

3.9

25

1.7

16

7.5

22

5.2

-

-

1980

35

2.7

-

-

41

S.6

35

5.9

35

3.3

23

3.6

17

5.4

15

7.6

-

-

1981

31

S.8

-

-

37

7.5

34

S.2

36

3.6

27

4.9

-

-

17

2.1

-

-

1982

32

6.7

-

-

37

4.6

36

S.4

34

3.4

24

3.3

18

6.2

14

3.5

-

-

1984

37

3.4

-

-

41

4.1

31

4.9

34

3.7

25

7.5

25

3.4

16

2.9

-

-

1965

39

2.9

26

3.1

39

4.8

29

S.6

37

2.7

24

6.7

-

-

15

5.1

-

-

1986

29

S.I

24

1.9

47

5.9

33

5.1

35

0.5

26

4.9

22

1.1

13

4.9

-

-

2.6

-

31 2.1

1987

41

4.3

23

41

4.S

34

7.1

37

1.4

23

4.1

19

2.9

12

6.3

-

1988

45

S.9

25 O.S

so

4.S

34

6.4

24

5.8

29

5.8

-

-

11

11.9

-

-

1989

30

3.9

32

0.5

47

9.9

48

3.5

27

6.S

51

9.6

-

-

12

5.9

-

-

1990

28

4.9

26

0.5

40

4.0

37

4.7

18

6.3

22

7.5

24'

6.6

30

•4.3

-

-

1991

50

5.2

-

55

5.6

25

5.0

30

3.0

26

11.8

19

11.4

48

2.3

-

-

1992

50

3.5

26

O.S

56

2.8

17

3.0

25

2.52

22

4.4

21

4.7

37

3.7

-

-

1993

47

3.3

31

O.S

SS

3.1

37

3.2

43

5.4

34

7.5

26

7.2

54

4.0

-

1994

48

3.6

50

3.9

52

28

0.5

55

2.9

43

2.1

47

N » no., of worktri
D • average annual expoaure In ovSv

129

1.7

48

2.4

38

1.2

0.85

Table (2): Annual exposure distribution to KRC workers for 1994
Number of workers recieving
annual exposure

Dept.

< 1 roSv

1-5 raSv

5-20 mSv

3

6

Rad. Prot

39

Theot. phys.

28

Expt. Phys.

49

1

5

Reactor

37

5

1

Reactor phys.

41

2

4

Nucl. Chem.

29

15

4

Isotopes Prod.

31

7

Rad. Isotopes

44

5

Metallurgy

48

4

130

1.0

Table (3): Average annual and collective dose to NRC (1964-1994)
Year

Number
of workers

Average
annual exposure in mSv

Collective
dose, man Sv

1964

150

0.80

1.32

1965

128

8.55

1.09

1966

149

6.72

1.00

1968

152

7.30

1.07

1969

156

4.80

0.78

1970

212

4.44

0.94

1971

227

4.31

0.98

1972

187

4.15

0.78

1973

197

3.97

0.78

1974

184

3.90

0.72

1975

195

3.97

0.77

1976

217

3.98

0.86

1977

174

3.91

0.68

1978

164

3.94

0.65

1979

193

4.02

0.76

1980

201

4.10

0.82

1981

165

4.13

0^68

1982

195

4.17

0.81

1983

187

4.08

0.79

1984

212

3.95

0.84

1985

209

4.41

0.92

1986

229

3.56

0.82

1987

230

4.15

0.95

1988

242

4.17

1.14

1989

323

5.20

1.68

1990

293

4.40

1.19

1991

271

4.3

1.16

1992

374

2.85

1.06

1993

502

3.57

1.79

1994

409

2.65

1.1
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MONITORING OF URANIUM LEVELS INTAKE
IN SOME URANIUM - MINERS IN EGYPT
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* Atomic Energy Authority, **Nu clear Materials Authority

ABSTRACT
Urinary excretion of

uranium has been proved to be of practical value under

conditions of intake to appreciable amounts of soluble uranium (U) salts and may reflect
recent internal exposure levels. Proteinuria and albuminuria were also determined which
reflect the effect of excretion o f U salts on kidney. These parameters can be used for
routine checking to the intake conditions and identifying the effect of the absorbed U
compounds on kidney .
The U level in urine have been evaluated in twenty male volunteers far from U
mining processes, it ranges from

0.09

to 0.21 ng/L . Twenty U miners have been

subjected to full clinical examination and urine analysis for estimation of U in particular
with six month interval have been carried out . Significant differences were shown
between the two groups .
The same results were obtained for proteinuria and albuminuria and only six
workers appeared to have the signs of high

U

dust intake at the beginning of the

experiment and decreased after six month by about 50% .
Besides, periodic estimation of the total Annual Effective dose Equivalent in
mines is determined to keep it always below the accepted limit of 50 msv through
improvement of the ventilation system and applying other effective precautions.
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INTRODUCTION
The main use of Uranium is as fuel in nuclear energy plants and the nuclear
power is more needed now than ever to safe guard future world energy supplies .
Uranium is produced in about 15 countries, 80% of the production is outside the
Soviet Union and China . The world uranium demand is always lagging behind Us
production rate. This situation encourage the exploration and mining of uranium in so
many countries.
The Egyptian Nuclear Materials Authority (NMA) has been developing Uranium
exploration activities in the Eastern Desert . Promising occurrences were found in
granite plutons at El-Missikat, El-Erediya, and Gattar carrying Uranium minerals . These
plutons were explored in depth by tunnels to serve as access for exploration galleries
and further excavation and drilling. These galleries came across several highly
radioactive spots with massive and disseminated pitchblende and secondary Uranium
minerals . Drilling programmers are planned to intercept the Uranium shear zones at
depths of 80-100 meters below the level of the galleries to reach the reduction zones and
evaluate the ore. These galleries extend in length to about 5000 meters for those tunnels
(Abdel-Monem, et. al.) (l) .
Mining and milling of radioactive ores comprise operations as development,
drilling, blasting, handling, crushing, grinding, leaching of ore, concentration, stripping,
precipitation, drying, packing and storing of the concentrate product.
Radiation risks in this industry result from exposure to airborne radioactivity and
external radiation. The inhalation risk is of more concern in the underground mines than
in open air mines (IAEA) ^ where the chemical toxicity appears to be more hazardous
than the radioactivity exposures .
The two hazards connected to Uranium compounds are the renal damage caused
by the chemical toxicity of the soluble Uranium compounds, and the injury caused by the
ionizing radiation resulting from the disintegration of the Uranium isotopes ( Hursh and
Spoor)(6).
Due to the high density of Uranium containing particles, most particles would
have an aerodynamic size which will not permit them to be carried to the peripheral part
of the lung. Based on measurements in some Uranium plants (Harris)(5), only 1-5% of
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Uranium - containing dust will penetrate to the pulmonary region. The rest will be
deposited in the upper respiratory tract and will eventually by swallowed .
The soluble compounds of Uranium deposited in the alveolar region are likely to
be absorbed to 100% . Less soluble particles can either be absorbed to a fraction or
removed by the lung clearance mechanisms (West and Scott) 04) . The particle size and
surface characteristics will affect the rate of phagocytosis and the transportability of
relatively insoluble material in the body .
Uranium occurs in physiological system in soluble form only in a tetravaleut or
hexavalent state as uranyl ion (UO2)2+ . On entering the body both hexavelant and
tetravaleut uranium form complexes with proteins and anious bases such as bicarbonate,
citrate, malate, lactate, etc .. (Gindler)(4). Thus, Uranium in Blood is found complexed
with the bicarbonate in plasma to 47%, 32% is bound to plasma proteins and 20% to
erythrocytes (Chevari and Likhner)*3*.
The uranyl compounds have great affinity for phosphate - containing molecules
and tissues (Rich)(l2), carboxyl and / or hydroxyl groups such as proteins, nucleotides
and bone tissue. Absorption, retention and excretion of Uraniuui are dependeut upon its
chemical form .The most crucial factor is the solubility of the compounds in biological
media. About two thirds of the Uranium in the blood stream is mobilized to the
different organs after six minutes . After twenty hours only 1% of Uranium is left in the
blood .
The rate of deposition and clearance of U containing particles will depend on the
chemical form and particle size .
Two phase clearance processes for insoluble U compounds in human consisting of :1- Short phase with a biological half-time of 11-100 days .
2- Slow phase with a long retention time and a biological half-time of 120-1500
days.
The aim of this work is to study the hazards of uranium compounds intake and
tracing it's excretion in urine to suggest a suitable biological monitoring scheme for the
uraniuin miners.

MATERIALS AND METHODS
Subjects : The study consisted of two groups namely :
1- Control: Twenty volunteer healthy males free from any systemic disease and far from
the mining operations.
- Uranium mining group : Twenty males volunteer working in Uranium mining at El
Missikat, El Erediya and Gabal Gattar in the Eastern
Desert.
The two groups were matched according to age ( 3 5 - 4 0 yis), weight(75 - 80Kg),
height (175 - 180 cm), socioeconomic class, free from any systemic diseases or apparent
endocrinopathy, non smokers and non asthmatic. The choice of volunteers were based
on their duration period in this mining work of approximately 10 yrs.
Urine sampling : 24 hi urine samples were collected and stored in a cool and dark
place, 10 ml were used for Uranium determination and 50 ml aliquot were used for
proteinuria and albuminuria .
Determination of Uraniumin urine : Uranium determiua-tion in urine samples was
carried out by the scheme proposed by Aly and Anwar(2), using Laser Fluorescence
technique and the apparatus used was U-Analyzer of scintrex, Canada .
Determination of proteinuria and albuminuria : The Analysis is carried out using
colorimetric methods based on the principal of the biuret reaction ( Peters)(I1) .
Chemicals : All the Chemicals used were analytical reagents grade, BDH.

RESULTS AND DISCUSSION
Urine analysis is important in the case of uranium contamination as the chemical
damage to the kidney is likely to be more sever and rapid than the radiation damage to
body tissues from entry of transportable compounds of natural uranium into the blood .
It is well known that within 24 hr of the entry of uranium into extracellular fluid ,
half to three quarters of the amount is excreded in urine . From the obtained results for
uranium in urine of control and miners groups, Table(l), we can conclude that, uranium
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showed relatrvely high values than in the controls and its concentration is reduced after
six months by a ratio ranged between 15 to 50% .
The marked elevation of uranium concentration in urine of the miners correlated
with the high values of proteinuria and albuininuria pain six subjects from the egroup
revfunctionally changes in the kidney,Table(2). Such changes may reflect damage to the
lower proximal convulated sigment of the proximal tubules as the earliest observed sign
of renal tubula damage caused by uranium has been an increase in proteinuria and
albuminuria . The estimation of these two parameters is a good test for kidney function
in uranium exposure ( Luessenhop , et, al .)(10) .
Conclusively urine may be considered as a biological indicator medium for the
uptake of uranium in uranium miners and can represent the major route of excretion
for the absorbed metal .Urine is the most readly available sampling beside it can be
collected by means of noninvasive techniques . These advantages indicate that the
biological monitoring may make it possible to identify and study the risk due to the high
uptake of uranium in miners and to set the time at which the subjects must be kept away
for curing . These measurements are earned out periodically and documented for
comparison with later on measurements .
The radiation monitoring results are shown in Table(3). The obtained data are
useful in proposing ventilation schedule to lessen the radiation hazards .The name of
mines are mentioned and the locations of measurements are represented in numbers ,
each location was taken at a certain distance from the entrance of the tunnel, higher
numbers indicate longer distances from the entrance .
Gamma radiation measurements ranged between 0.6-16 uSv/h showing that in
uranium mining operations , hazards are mainly due to airborne radioactivity.
Estimation of the Total Annual Effective Dose Equivalent and verification of the
individual dose limitation inequality condition from inhalation of Radon daughter and
exposure to external gamma radiation show that in non ventilated sites mining activities
should not be performed as routine daily operations , and proper ventilation must be
established to lower the Annual Total Effective Dose Equivalent below the accepted
Omit of 50 mSv (ICRP)^.
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Table ( 1 ) : Concentration of Uranium in urine for control and
miner groups.

IUranium concentration in urine
Sample

At the begining of the

No.

experiment

After 6 months

Excretion
rate %

Control
group ug/L

Miners
group

Control
group ug/L

For miners
per 6
months

0.12
0.12

Hg/L
6.30
18.81

Miners
group
ug/L

0.10
0.11

4.73
9.41

25%

2.15
3.28
5.17
23.72
1.80
2.75
16.34
3.45
7.11

0.08
0.17
0.22
0.09
0.15
0.10
0.13
0.22
0.15

5.52
6.30
22.00

15

0.19

6.47

0.15
0.10
0.19
0.22

1.76
2.36
3.36
12.33
1.53
2.15
9.97
2.59
4.27
3.53
4.41
11.00

18%

14

0.10
0.15
0.17
0.09
0.16
0.09
0.11
0.20
0.13
0.17
0.11
0.20

16
17

0.17

4.30
25.10
20.75
3.80
2.95
1.80-25.10
9.40 ± 1.83

1
2
3
4
5
6
7
8
9

10
11

12
13

18
19
20

Range
X ±SE
SD
"t"

0.21
0.18
0.20
0.09
0.09-0.21
0.15 db 0.01
0.04

8.17

5.06**

**P<0.0l
137

0.21
0.18
0.22
0.19
0.11
0.08 - 0.22
0.16 ± 0.01
0.05
6.10**

50%
28%
35%
48%
15%
22%
39%
25%
40%
36%
30%
50%

4.40

32%

3.18
13.55
10.38
3.08
2.51
1.53-13.55
5.53±0.88
3.93

26%
46%
50%
19%
15%

15- 5 0 %

Table(2)': Concentration of total proteinuria and albuminuria for the
control and miner groups .
Sample

At the begining of

No.

the experiment
Control group

After 6 months

Excretion
rate for

Mines group

Control group

Miner group

miners%

P
mg/24h

A
mg/24h

Per 6moutlis
P
A
%
%

71

171

115

9%

7%

105

72

188

141

15%

14%

118

101

58

172

HI

8%

6%

198

121

97

61

182

113

8%

7%

58

200

125

90

59

174

111

13%

11%

96

60

244

177

9J

58

193

145

21%

18%

7

108

78

191

118

106

68

174

107

9%

9%

X

125

93

207

128

120

78

176

110

15%

14%

9

130

79

240

165

133

81

190

135

21%

18%

10

103

65

193

113

96

62

174

103

10%

9%

11

89

59

210

139

91

61

176

118

16%

15%

12

96

59

199

125

91

58

177

113

11%

10%

13

101

62

209

155

96

59

184

135

12%

13%

14

90

58

247

173

96

60

195

140

21%

19%

15

89

61

201

137

100

68

173

126

14%

8%

16

120

89

189

126

113

69

174

118

8%

6%

17

150

96

253

183

148

96

200

146

21%

20%

18

91

58

229

144

100

60

181

118

21%

18%

19

106

71

210

137

104

68

179

121

15%

12%

20

148

97

190

113

140

87

169

103

11%

9%

Range

85- 150

58-97

187-253

113-183

90-148

58-96

171-200

103-146

8-21%

6-

X±
SE
SD

107.65
±4.23
18.92

70.95
±3.06
13.67

210.30
±4.79
21.42

139.25
±5.03
22.47

106.40
±3.72
16.63

67.70
±2.39
10.67

180.10
± 1.98
8.86

121.45
±3.13
14.01

" t"

16.06* •

11.60--

17.49**

13.65**

P
mg/24h

A
mg/24li

P
mp/24h

A
mg/24h

P
mg/24h

I

120

79

188

124

108

2

107

71

221

164

3

98

62

187

4

101

64

5

85

6

P = Proteinuria
A = Albuminuria
• P<0.01

138

A
mg/24h

20%

Tafole{3 ) : Results of radiation survey in some Egyptian uranium mines .

Location

U)

RnDWL

El - Erediya Mine
0.05
1
0.30
2
0.33
3
4
0.28
0.29
[5
| El - Missikat Mine
0.40
1
2
0.52
0.37
13
0.56
14
0.45
165
0.45
0.90
187
1.20
| Gabai El Gattar Mine
1
0.05
0.05
2
0.06
3
0.08
4
0.08
5
0.08
6
0.15
7
0.21
I8
9
0.19
0.43
10

1
1

N.M. = not measured

RnpCi/L

EQUELIB.
FACTOR.

Effective dose Equivalent JI SV /h

RnD

Gamma

Total

3.12
18.75
20.60
17.50
18.12

LOO
0.60
8.00
0.60
12.00

4.12
19.35
28.60
18.10
30.12

Annual
j
Effective dose I
Equivalent
(mSv)
]

10
30
80
30
50

0.50
LOO

0.41
0.84
0.58

8.24
38.70
57.20
36.20
60.24

|
|
|
j
i

40
55
65
60
60
70
90
120

N.M.
N.M.
N.M.
N.M.
N.M.
N.M.
N.M.
N.M.
N.M.
N.M.

1.00
0.94
0.56
0.93
0.75
0.64
LOO
LOO

25.00
32.50
23.12
35.00
28.10
28.10
56.20
75.00

1.20
1.20
14.00
LOO
2.00
16.00
10.00
2.00

26.20
33.70
37.12
36.00
30.10
44.10
66.20
77.00

52.40
67.40
74.24
72.00
60.20
88.20
132.40
154.00

|
|
|
|
I
|
|
|

-

3.10
3.10
3.75
5.00
5.00
5.00
930
1.11
130
26.80

1.20
1.40
1.40
1.60
1.40
0.80
0.80
10.00
8.00
16.00

4.30
4.50
5.15
6.60
6.40
5.80
10.10
23.10
19.80
42.80

8.60
9.00
10.30
13.20
12.80
11.60
20.20
46.20
39.60
85.60

|
|
|
|
I
j
|
1
|

RECOMMENDATIONS
From the above mentioned monitoring data, the following recommendations are
suggested to lessen the hazards of uranium mining operations :
Control the airborne radionuclides by mechanical ventilation .
Suppression and confinement of radiation source .
Uses of air cleaning equipment.
-

Personal protective equipment consists
including footware and gloves .

of respirators and protective clothing

-

Periodic examination should be carried out at appropriate intervals , generally once
each year . It should consist of blood pressure measurement , haematological
examination, chest X - rays , radiocheraical and other analysis and audiometric
examination .
Analysis for uranium in urine should be ennied out to nil operators monthly
A uranium concentration in urine exeeding 50 ug / day should be considered as an
investigation level " calling for review of the working conditions .
Training of workers should be an
programme .

iutegral part of any radiation protection
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RELEASE FRACTION OF PWR AFTER SEVERE ACCIDENTS

MOUSTAFA AZIZ and El- MESSAIRY
National Center for Nuclear Safety and
Radiation Protection
P. O. Box 7551 , Cairo , Egypt

ABSTRACT
The aerosol dynamics equation is solved in a closed system to
simulate the release of aerosol from containment to the outside
atmosphere in the case of containment failure , the factors that
affect the release fraction is studied . It is found that early
failure time and higher pressure increase the release fraction,
also the release is affected by the break area and the aerosol
particle size.

Ik2

INTRODUCTION

The fission fragments and gases are emitted after sever
accidents resulting in core meltdown
and core concrete
interactions , these aerosols are transported and fill the
reactor containment . With increasing the pressure above
pressure design bases , a failure of containment may occur and
subsequently these aerosols will release into the external
environment leading to a source term of radioactivity that
affect the safety of workers and public. The amount of aerosol
which escape to the environment can be described by the release
fraction which is defined as the total aerosol released
divided by the initial aerosol in the containment. The factors
that affect the release fraction are studied , these factors
are containment pressure , failure time , break area and the
size of aerosol particle .

Containment failure mode includes early failure and late
failure.Early failure is defined as failure prior to or shortly
after the core debris penetrates the reactor vessel,several
accidents can lead to early failure like direct containment
heating,steam explosions and hydrogen burning while gradual
overpressurization results in late failure*1'2'3* .

The present study describes the physical and mathematical
model,

numerical method and

discussions

,

and

finally

input data
the

presented.

1U3

derived

,

results and

conclusions

are

PHYSICAL AND MATHEMATICAL MODEL

The radionuclides behaviour inside the containment can be
described by the

aerosol dynamic equation which is given by

(3,4,5)
v
dn(

/'

= ~2 J[K(U, v-u) n(u, t) n(v-u, du
t)
o
- n(v, t)

[K(U, V)

n(u, t) du

0

- R{v,t)n{v,t)

- a{v,t)n{v,t)

where
n(v,t)dv=

number of aerosol particles which have volume in the

range between v and v+dv at time t per unit volume .
K(u,v)=

the coagulation kernel .( cm3 s"1 )

R(v,t)=

removal rate for particles of volume v at time t on

the floor and walls due to diffusion and sedimentation.(s"1 )
o?(v,t)=

leakage

rate

for

transport

of

aerosol

from

the

containment to the atmosphere.( s"1 )

1The

Coagulation Processes
particles

coagulate

due

to

both

Brownian

and

gravitational motion . For particles in the continuum regime
the coagulation kernel is given by ( 4 f 6 )
K(u,v) =47t(£>1 + D2) (a1 + a2) eB

+ n (a±+a2)2

| Usl-Us2 \ e
G

Where:a

i ' a2

D1 , D 2

particle radii of volume u,v respectively .
diffusion coefficients for particles of radii a1 , a 2

U s l ,U s2 are Stokes terminal velocities for particles 1 and 2
eB

Brownian collision efficiency

which takes into account the

effect of Van der Waals forces and viscous interaction.
eG

gravitational

collision

efficiency

,

the

detailed

calculation of both eB and eG can be found in* 4/7)
The first term on the right hand side is due to Brownian motion
and the second term is due to gravitational settling.

2-

Removal Processes

The particles are removed from the system due to gravitational
settling and Brownian deposition at a rate given by [4,5,6]

where : R(v,t) are functions of the particle size, which is
itself varying with time .

A^ , A B

the area available for

gravitational settling and Brownian deposition respectively,
D(v) the diffusion coefficient for particle of volume v, V
containment volume .
5= diffusion boundary layer thickness .
f

= Cunnigham correction factor , which enables Stokes drag

to be

used for large value of Knudsen number.

U s = Stokes

terminal velocity ( = ppd2pg/18/z) . g = gravitational constant ,
\i. gas viscosity,
particles.

pp

, cL

density and diameter of aerosol

3-

Release

term

The failure is described by break area A o with diameter D o
through which the gases with mass flow rate W(t) leave the
containment. The release continues until the pressure
inside

the containment will become

P(t)

equal to the atmospheric

pressure Po ; at this time the release stop.
Applying the continuity and energy equations with the following
assumptions (7>8) :(a) validity of ideal gas laws.
(b

perfect gas undergoes an adiabatic expansion through the

break,

(c) neglecting the friction between the gas and the

walls.
(d) temperature is kept constant during the release.
(e) A o /A c << 1 (for small break , A c containment area )
Therefore the pressure rate and mass flow rate is given by :

dt
Where i|r is given by
P
*<-#>

and

p i
-N

,

Y-l

7^ 1

P

p
i

—

I

(1*1)
1

P

i

p

I

L

P

crit

W{t) =AJ{2mP)

.i|/(™£)

(5)

The coupling coefficient a(v,t)
TAT (

f- \

where

Y +l
P

containment

pressure

,

Po

atmospheric

pressure.

V

containment volume , m(t) is the gas density . M(t) the mass
of gas in the containment = m(t).V

,

R = gas constant

,y

the ratio of isobaric to isocoric heat capacity(=1.4), W(t)
mass of gas release to the environment through the break in the
containment wall.

NUMERICAL METHODS AND INPUT DATA

The method of sectional representation*9'10'11*
solve the aerosol dynamics equation

is used to

by dividing the particle

size range into I ( 1=40 ) sections and dealing only with one
integral quantity for each section ,then the resulting system
of ordinary differential equations is solved by Runge-Kutta
method .
In the case of containment failure equations 5,6 and 7 are
solved simultaneously with equation 1 to calculate the coupling

1U7

coefficient and pressure at every time step.As the containment
pressure reaches atmospheric pressure the leakage term in
equation (1)
The

is neglected.

particle

diameter

considered with

range

from

0.1

/im to

100

/xm is

lognormal initial distributions which are

given by

2o

ln(

vo

and the initial aerosol volume is given by

V(0) = f n(v,0)vdv

(8)

v

nin

where ; N o , v o , a

are

total initial number of

particles

per unit volume of the containment, initial average

volume of

particles , and standard deviation .
vmin

and v m a x

are the minimum and maximum particle volume

respectively. The containment dimensions are 50 m hight , 50
m diameter

( table 1 ) .

Two aerosol systems are considered to test the effect of
aerosol particle size on the release fraction , the first have
mean

initial

diameter

1

/im

with

total

initial

volume

V(0)=0.86327*10"4 cm3 per unit volume of the containment, the
second system have mean initial diameter 0.5 /im with total
initial volume V(0)=0.107907*10~4 cm3 per unit volume of the
containment.
The instantanuous release rate is given by

f (t) = f a (v, t) v n{v, t) dv
Win

and the total release fraction is given by

1U8

(9)

Vm

t

F{t)=

'vToT

Ia(Vr

f

t)vn{v

'

(10)

t)<*vdt

The removal fraction is given by
t

i^(t)

=

'ftftX

1_ /" fi?(vf t) vn(v,
U(o) J J
0

t)di^

dt

(ID

v,^

Table (1) aerosol data ( ref. 7 )
aerosol density

1000 kg/m3

initial distribution

Lognormal with standard
deviation a=l and do(0)=l /zm
or 0.5 /xm

No. of sections

40 sections

Containment temperature

373 K

gas density

0.944 9 kg m 3

initial

1014 particles /m3

number N(0)

RESULTS AND DISCISSIONS

Fig.

1

shows

the

variation

of

pressure

with

time

after

containment failure for initial containment pressure 0.5 MPa
with three different break area of diameter 1 m , 0 . 5 m ,

and

0.25

the

m.

It is found that as the break area

increases

containment depressurize faster .
Fig. 2 shows the relation of the instantanuous release with
time after containment failure for initial containment pressure

0.50

CL

4000
8000
Tuno (seconds )

12000

Fig. 1 the pressure after containment
failure versus time for three break area
, D for 1 m diameter, A for 0.5m diameter and * for 0.25 m diameter
4.0E-004

3.0E-004 -

2 OE-004 -

£ 1.OE-004 -

O.OE+000

4000
8000
Time (seconds)

12000

Fig. 2 the instantanuous release rate
versus time for two initial containment
pressure 0.5 MPa(D) and 0.2 MPa(*)
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0.5 MPa and 0.2 MPa and break diameter 0.25 m .It is appear
that the release rate increases
peak at the begining

related

as the pressure increase . The

to the release rate proportional

to W(t)/M(t) and we can easly show that M(t) decrease fastly
than W(t).
Figs. 3 and 4 show the dependence of the suspended and removal
fraction

with time for different containment pressure and

different failure time t o with lognormal initial condition of
1 /im

mean initial diameter .

It is deduced that the suspended particles always decreases due
to two types of removal:
1- removal by gravitalional settling and Brownian diffusion on
the internal surfaces of the containment , this takes place at
all times.
2- sudden decrease at the time of failure , this continue over
the release period only.
The total removal of aerosol

on the internal surfaces of

the containment alwayes increase due to gravitational settling
and Brownian deposition.

Parameters affectingrelease fraction

The

parameters

that

containment pressure

affect

the

release

fraction

, failure time , break area

are

,

and the

aerosol particle size.
1-

Containment pressure

Fig. 5 shows that the release increase as pressure increase
untill the saturation at relatively higher pressure occurs .
Typical values are shown at table 2 , changing the pressure
from 0.15 MPa to 0.3 MPa increases the release fraction by a
factor of 2.25 , while changing from 0.3 to 0.8 increase the
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10
0.0

0.6

1.2
1.8
Time(hour)

Fig.3 suspended (D)and removal (*) fraction versus time , d o (0) - 1 fim , P =
0.5 MPa
and t o = 2 hours
and break
diameter = 1 m.

o.o

0.8 1.0 1.3
Time (hours)

Fig.4 the suspended (•) , removal (.
fraction versus time , do (0) = 1 /zm
P =0.2 MPa and t o = 1200
second
and
break diameter = 1 m
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release by 1.2 only . Similiar results can be found for the
third column at d o - 0.5

2-

Failure time

Fig. 6 shows the release fraction versus failure time for two
aerosol systems . It is noticed that the release decrease if
the containment failure delays , because this gives more time
for the deposition of particles on the internal surfaces of the
containment.

3-

Break area

Fig. 7 shows the release fraction versus break diameter in (m)
. It is shown that large containment break should lead to
larger release than the smaller one , and after certain size
of hole

the release

fraction would

reach

its maximum

and

saturation value.

4-

Aerosol size
To study the effect of aerosol particle size on the release

fraction , the previous results are prepared from two aerosol
systems the first have mean initial particle diameter 1 /im with
total initial volume V(0) =0.86327 10" 4 cm3 per unit volume and
the second system have 0.5 /xm mean initial particle diameter
with total

initial volume V(0) =0.107907 10" 4 cm3 per unit

volume. The first aerosol system

is bigger 8 time in volume

than the second.
Figs. 5 and 6 show that

small aerosol sizes have higher

release fraction than the larger one . This due to that the
small particles live long time in the containment atmosphere,
while

large

particles

settle

faster

gravitational field.
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under

the

effect

of

0.001
10"'

Pressure ( MPa )

Fig. 5 the release fraction versus
pressure for break diameter 1 m , failure
time 2 hours , lognormal initial mean
particle diameter 1 /im and 0.5 /zm .

0.01 -

0.001

I i i > > i i i-r-r

f i i i t i i t i i | i r \ i i II

20000
40000
60000
Foilure time (seconds)

II

80000

Fig. 6 the release fraction versus failure time for break diameter 1 m , pressure = 0.2 MPa , lognormal initial mean
particle diameter 1 /im and 0.5 ^tm.

0.08

0.00

0.0

0.5

1.0
1.5
2.0
Break diameter (m)

Fig. 7 the release fraction versus diameter of break area at initial pressure
0.2 MPa , failure time 1800 sec. lognormal initial mean particle diameter 1 fxm .
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Table 2 Release fraction at different pressures
Pressure ( MPa )

*

release for
1 fim

do (0) =

release for do(0)=
0.5 /im
0.317

0. 15

0 .688 E-2

0. 3

0 .155 E-1

0.73

0. 8

0 .186 E-1

0.885

*

E-2 read 10" 2

CONCLUSION

1- The factors that affect the release fraction

according to

their importance are (a) failure time (b) containment pressure
(c) break size (d) the size aerosol particles .
2- The release fraction deponds on the conditions of each
accident it can be small value
values

less than 0.001

or large

near from unity in worst conditions ( higher pressure

and early failure ) like Chernobyl accident.
3-

Larger values of the aerosol release fraction are observed

for early containment failure than for later ones and higher
containment pressure results in larger release fraction.
4-

Small aerosol particles have greater chances to be released

from the containment than larger ones.
5-

The release can be minmized by designing the containment

walls to withstand higher pressures and maintaining the inside
atmosphere at lower pressure.
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ABSTRACT
In evaluating the safety of a research reactor an analyses of the reactor response to
a

wide

range of

postulated initiating

could lead to an anticipated

event must be carried out, these events

operational occurrences or accident conditions. These

disturbances include decrease in heat removal by the reactor coolant system, which
may be due to Loss Of Flow Accident(LOFA), loss of coolant or loss of heat sink.
LOFA is considered for this study with application to tank type research reactor; as an
example of this type is Egypt Test and Research

Reactor Number 1 (ETRR-1). The

probabilistic

method is used in this work. ETRR-1 reactor

engineering

safety feature

systems(ESFs) to

perform mitigating functions. The possible
operator errors
blockage,

valve

is

provided

with

respond to possible accidents and

malfunctions, component failures, or

leading to a LOFA as an initiating event are investigated (e.g. pipe
closing,

pump

failurcetc).

The

basic

initiating

event

frequency/probability is calculated using appropriate probability models. The logic
Event Tree model is constructed to illustrate all possible accident scenarios. Fault
Tree

technique is adopted to determine engineering safety

probabilities. The

systems failure

results show the possible minimal cut sets corresponding to each

system failure condition. Accident sequences leading

to

clad

rupture and the

resulting release categories are presented. Sensitivity of plant state to component
failures,

operator errors and system failure are presented. Possible weak

the design are consequently, highlighted .
158
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INTRODUCTION
The safety analyses and the deign of the reactor are complementary processes that
are carried out interactively*1}. The safety analysis is mainly used to demonstrate how
the design and related operational procedure will contribute

to prevention and

mitigation of accident. It include analyses of the response of the reactor to a range of
postulated initiating events and as a result, it provides a significant contribution to the
selection of operational limits and conditions and of design specifications for
components and systems, So these analyses are necessary to demonstrate that the
overall risk of operation, or the safety margins are acceptable(2).
The well accepted approach to developing a safety analysis for a research reactor is
to consider limiting credible accident initiating events in a deterministic manner for
estimating the possible release to the environment. The Probabilistic technique
,however, serves for: (a)evaluating which accident sequences are of higher likelihood
and for (b)evaluating relative risk ranking. As a consequence it serves for identifying
which sequence will result in highest risk. Such sequence will then be analyzed using
the deterministic approach referred to above. In addition through probabilistic
technique one can: (a)identify hidden weakness of the design, (b) quantify the value of
possible improvement or modification* \ The event tree serves as a logic model to
combine system success and failure probabilities with the probability of a postulated
initiating event occurring . The system failure probabilities are derived through the
use of

Fault Trees. Fault Tree analysis is a systematic procedure used to examine

systems in order to determine component failure modes and other events, that can
individually or in combination with each other cause system failure(5).
Nuclear reactors are provided with various engineering safety features (ESFs) such
as Reactor shutdown system, Core cooling system and Fission product Confinement
system(6). With all ESFs operating at their minimum design basis, accident sequence
probability is quite small, but with any one or all of the ESFs not performing their
designed function, a broad spectrum of accident sequences can occur, each with a
probability and consequences dependent on the operability state of the various ESFs.
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Disturbances which may occur in a reactor life time include: decrease in heat removal
by

reactor cooling system, loss of heat sink, loss of electric power supply and
(7 84

reactivity insertion accident ' . The main contribution of the loss of heat removal are
Loss of Flow Accident'LOFA' or Loss of Coolant Accident'LOCA'. The objective of
the present work is to investigate the LOFA. Such accident refer to partial or total
loss of forced flow, the total loss of flow will be presented.

SYSTEM DESCRIPTION
1-Primary Cooling Circuit
Fig.(l) represents the Primary Core Cooling Circuit 'PCCS' and Table 1 contains
description of the circuit valves* \ The circuit contains: 5 centrifugal pumps connected
in parallel; two operating and three standby, 2 heat exchanger (H.E) connected in
series, dearator, ion exchange filter(IEF), and

pipe line. The flow(860 m3/hr)

circulates through the reactor core in downward direction then into the outlet pipe
(OL), 350 mm diameter. Part of the flow (10 m3/hr) is directed to IEF, the diverted
flow leaves the filter to connect the second return line(RL2) ,200 mm in diameter,
then to the reactor middle tank. The main flow is drived by the pumps and delivered
to the first H.E and then to the second H.E, the flow leaving the H.E goes to the main
return line(RLl) towards the reactor middle tank. Part of the flow(15%) is directed to
the deaerator after which it joins the second return line towards the reactor middle
tank.

Table 1 Valve description of P.C.Cs.
Valve no.

Description

Normal position

1,2,3,4,5,17

Motor operated

Normally opened

6,7,8,9,10,18,19

Manual operated

Normally opened

25,26,27,35

Motor operated

Normally closed

28,29,30

Manual operated

Normally closed
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5.

2-Shutdown System
The reactor shutdown system(RSD)

fig.2

consists of measuring channels,

emergency logic circuit and safety rod drive mechanism(9). The safety rod mechanism
fig. 3 consists of 48v D.C. motor, electromagnet, drum, connecting gears and change
over switch. The safety rod configuration inside the core is shown in fig. 4. A safety
rod is withdrawn by its own motor at a speed of 2cm/sec at normal operation during
start up, and is hold in its upper position by the electromagnet. In case of emergency
shutdown(SCRAM) the rods are dropped under the force of compressed spring, and
its weight within 0.2 sec. In normal shutdown the rods are inserted at a speed of 2.0
cm/sec.
3-Confinement System
The confinement system consists of:a- the reactor hall structure

b-the ventilation system

a-The reactor hall
the reactor hall has dimension of 30.5 x

21.5 x 19.95m. Access to the hall is

through 5 staircases; 2 in the first floor, 2 in the second floor, and one in the third
floor. All access are provided with sealed door. The glass windows of the reactor hall
are sealed by past and are never opened. The opening for access for large object is
provided with a sealed double door. The walls on the side of the hall building are
made of 1.0 m thick concrete, the thickness of other walls is 0.5 m, the roof is vaulted
shape reinforced concrete with tie.
b-Ventilation System
It is installed ,see fig. 5, to remove radioactive gases from the areas above and under
the reactor, the pump room, and the hot cells, via air rarefaction. It includes 6 groups
of ventilators, ventilation control room, and stack of 43 m height. Each group contains
two ventilators(blowers) one is working and the other is stand by, two electric valves
are installed before and after each ventilator. No air filter nor iodine traps are included
in the system.
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LOGICAL MODEL
a-Event Tree
Event Tree is constructed in fig. 10 for total loss of flow accident. The basic event
annual probability (TLOFA) is calculated in the next section. The reactor shutdown
system(RSD) is activated by a scram signal if the flow is reduced by amount 20% of
its nominal value. As analyzed in

(l0)

, the decay heat liberated after shutdown is

transferred to the surrounding air across the H.Es via loop natural (NCC) at a rate of
10,600 Kcal/hr. Following a TLOFA The average core clad temperature reaches 47 °c
after 100 sec from reactor shutdown

. On the other hand if NCC outside the core is

unavailable the decay heat is transferred through pool natural circulation into reactor
water tank \

under this condition the core water temperature reaches the boiling

point 90.4 c c after 70 hrs from reactor shutdown. If the RSD failed, the average clad
temperature reaches 125 °c at 30 sec from the failure of the system. This accident at
power condition can develop dry out, clad rupture and release of radioactive material
into cooling water. In the above cases the confinement ventilation system is required
to function.
b-Fult Tree
The block diagrams illustrating the safety rod mechanism, reactor core cooling
system, ventilation system, and reactor hall are shown in figs. 6,7,8 and 9, while the
corresponding fault trees are given in figs. 11,12,13 and 14. The main contribution of
failure of

RSD are no scram signal, break of the gears; break of the spring, break of

the drum, energizing of the electromagnet, cut of the probe, blockage of the dry
channel. The failure of

NCC may due to closing of the valves vl;v2;v6;v7;vl 1,

failure of pumps pi and p2, blockage of the outlet pipeline OL, blockage of the main
return pipeline RL1, H.E.I blockage or H.E.2

blockage. The failure of

the

confinement ventilation system may occur as a result of closing of duct opening, fan
failure, blower failure, stack closed or duct break. The reactor hall building insulation
system BS fails if any of the five doors or the main door is not closed perfectly, or
break of the hall windows.

43 n stack

f

Blower (Stand by)

M Blower (working)

hot cell
L

—nain hall
inder reac.
PUMP roon

.toraje
'above reac.

fig. S Ventilation System

fig. t Block Jijrw of Ih« Reactor Cooling Circuit

fig. 7 Block Diagru of The Safety Rod NechanisN
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CALCULATION
The total loss of flow basic event(TLOFA) may arise due to:1 -superior valve closing

2-pump failure

3-pipe blockage

4-H.E. blockage

1-Superior valve closing
As given in table 1 the valves 6, 7 and 11 are manually operated and normally
opened. The valves 1 and 2 are motor operated and normally opened. During normal
operation the accessibility of operator to pump room is prevented, so closing of
manual valves 6,7 and 11 due to human error is impossible. The reactor cycle is 48
hrs/2 weeks then,
The annual operating time(to) = 1248hrs,

(1)

From reference' * we havermanual valve failure rate (vlam)=8.9 E-8 /hr

(2)

and using the commutative probability formula:p = 1 - exp (- vlam *to),

(3)

there fore:p(v6)=1.1107E-4.

(4)

The manual valves v6 , v7, vl 1 are identical.
For motor operator valves 1 or 2 the failure rate is given by(l2),
vlam=2.7E-7/hr,

(5)

therefore.p(vl)=3.369E-4.

(6)

2-pump failure
The pump failure may be due to failure of pump motor, failure of pump coupling, or
failure of pump control logic. From reference (l2) we have:the pump failure rate = 1.5 E-5 /hr,

(7)

the re fore:p(p 1) =p(p2) = 1 - exp (- 1.5 E-5 * 1248) = 1.8546 E -2.
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(8)

3-pipe and heat exchanger blockage
The blockage of pipes or heat exchanger by human error is responsible for this
event, this may occur during maintenance, It is assumed, while the primary circuit is
opened for maintenance, an object may slip or fall inside. If we consider(I2) :rate of human error per operation = 1.0 E -3 ,
annual maintenance frequency = 1,

(9)
(10)

therefore ;p(pipe block or H.E block) = 1.0 E-3 * 1 = 1.0 E-3,

(11)

p( OL) = p(RLl) = p(H.El) = p(H.E.2) = 1.0 E -3 , and

(12)

p(PLl)=p(PL2)=p(pl)+p(v6)+p(vl) = 1.89939 E -2

(13)

Then the TLOFA can be calculated as follows.p(TLOFA) = p(RL 1) + p(HE 1 )+p(HE2)+p(v 11 )+p(OL)+p(PL 1 * PL2)
p(TLOFA) = 4.4718 E-3

(14)
(15)

RESULTS AND DISCUSSIONS
Using the PSAPACK code (l2) with the constructed fault trees(fig. 11,12,13 and 14),
the failure probabilities and the minimal cut sets of order 1 or 2 for the systems RSD,
NCC, CVS, and BS are given in table 2. The obtained top event probabilities of the
previous ESFs, the system event tree, and the postulated basic event frequency of
occurance of TLOFA are processed by the code, nine accident sequences were
obtained. The results are stated in table 3 with emphasize on clad failure probability
and release category.
From above results we reached to :1-The reactor system is unaffected, if total loss of flow occur, in condition that it is
scrammed, natural circulation is available through the primary circuit, and ventilation
system is working.
2-If the reactor scrammed due to TLOFA , both NCC and CVS are not available , the
radioactivity level inside reactor hall may increase above normal level with
probability of order 2.0E-5 and with probability 1.3E-7 outside reactor building.
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3-If

the reactor doesn't scrammed due to TLOFA and the CVS is unavailable, the

clad rupture may occur the reactivity level increases to above normal condition in the
restricted areas with probability of .02
4-The worst scenario for TLOFA occur when the reactor doesn't scrammed and both
CVS and BS are fail, the radioactivity level increases in and outside reactor hall with
probabilities of 7.8E-5 and 5E-7 respectively
5-Main contribution to TLOFA is due to pump failure and human error
6-The loss of main electric power supply is not considered as a cause of component
failures. It will be investigated separately in future work.
7- Radio active removal components(filters) have to be added into The CVS

Tnhlc 2 Failure Probability of F,.S.Fs
System

Probability

No (if Mcs of order I

No. ofMcs ol order 2

RSD

.02

9

NCC

.0052

5

9

CVS

.0039

4

1

BS

.0064

3

* Minimal cut sets

Definition of the number of Mcs
No 6 (Failure of: Probc-Hlcctro magnct-Spring-Scram signal-Guide tube-Control rodC.R. spring-Drum-Shaft)
No 5 (Failure of: Return pipe-First H.E.- Second H.E.-Output pipe-Valve 11)
No 9 (Failure of: Pipel and pipe2 -Valve2 and pipe 1-Pipe 2 and valve 6-Pipe 2 and
valvel-Valve7 and Pipel- Valve7 and Valve6 - Valve2 and Valve6 - Valve2 and
Valve 1 - Valve7 and Valve 1)
No 4 (Failure of: Fan- Opening- Stack- Duct)
No 1 ( Failure of: Blower 1 and blower2)No 3 (Failure of: Doors-Windows-Main
door)
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Table 3 Sequence Probability and Release Category*
Sequence Probability
no

Clad
Rupture

Release Category

1-

No

Normal Operation, No release

2-

.0039

No

Small R.A. level increase for operator*

3-

2.5E-5

No

Small R.A. level increase for operator and reactor
site

4-

.0052

No

No R.A. level increase for operator and small
increase for public** after 70 hrs

5-

2.0E-5

No

Medium R.A. level increase for operator after 70hr

6-

1.3E-7

No

Medium R.A. level increase for operator and
reactor site*** after 70 hrs

7-

.02

Yes

Large R.A. level increase for public after 30 sec

8-

7.8E-5

Yes

Large R.A. level increase for operator after 30 sec

9-

5E-7

Yes

Large R.A. level increase for and reactor site after
30 sec

+ It is should be noted that the release categories are obtained when there is no
radioactive removal filters as part of the CVS.
*operator refer to restricted areas as reactor hall and pump room
** public refer to people outside reactor site and in the region of down flow stream
from stack
*** reactor site refer to areas outside reactor hall and in the site location
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IN VIVO MONITORING OF NRC WORKERS

M.A. GOMAA, EM. ALI and T.M. TAHA
Radiation Protection Dept.

Nuclear Research Center.
Atomic Energy Authority, Cairo, Egypt.

ABSTRACT

Monitoring of occupational workers at Nuclear Research Center
(NRC) of Atomic Energy Authority ( AEA ) , working with
radionuclides of (Cs-137 ,1-131 , and 1-125) is a routine performance
to assess internal contamination. Individuals involved in routine work
at hot laboratories are periodically examined every three months.
When an incident occurs the workers involved are examined soon after
. To measure internal contamination, the modified NRC-AEA Whole
Body Counter is used . More than hunderd occupational workers were
examined during 1995. Results were calculated as a component of
annual effective dose.

INTRODUCTION

The assessment of low level radioactive body burdens in man is a problem
that is receiving increasing attention, and a need has been recognized for
physical surveillance not only for occupationally exposed persons, but also
for some members of the public around nuclear installations.
Persons occupationally exposed to ionizing radiation in control areas at
Nuclear Research Center (NRC), and Hot Laboratory at Atomic Energy
Authority (AEA) are subject to personnel monitoring. Individual radiation
exposure consists of external exposure, and internal exposure consequent
upon an intake of radioactive material.
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There are two principal methods for determining internal contamination .
One is direct measurement by whole-body counter of photon gamma radiation
emitted from the radionuclide incorporated in the body ; the second is
measurement of biological samples such as excreta, (e.g. faeces, urine),
exhaled air, and others .
The physical measurements are made by Whole Body radioactivity
monitors In several applications of Whole Body counting techniques, an
accurate determination of Whole Body retention of radioactivity is desirable .
In order to determine the absolute body activity, regardless of its distribution
in the body ; it is desirable to have a detector arrangement with a counting
efficiency , that is dependent on the site of the radionuclide in the body .

THE WHOLE BODY COUNTER FACILITY
Materials
I - The Whole Body Counter and personal air sampler were used for
monitoring NRC workers, handling radionuclides of Cs-137,1-131 , and
1-125 . The NRC whole body counter consists of three main components
in its assembly .
1.1.The detector head unit.
This is a Nal ( Tl ) crystal of diameter 20.32 cm , and thickness 10.16cm
cased in a 0.5 mm stainless steel. The crystal is optically coupled to the
photomultiplier tubes via four entrance windows . The head unit is fitted
to the carrier assembly which is fixed to the ceiling of the shielded room.
The detector head has a free motion through 30 cm vertically and, 155cm
horizontally.
1.2. The shielding room .
The walls of the shielding room are constructed from plates of pre1945 Naval steel which is known to be free from artificial radioactivity.

The internal dimensions of the room are 240 cm by 240 cm , and 195
cm in height. The thickness of the steel shield is 12.5 cm and the inner
surface of the steel room is lined by 3 mm lead .
1.3. The electronic system .
The schematic of the electron system is shown in figure ( I a , b ) .
The software provided with the analyzer is suitable for simple spectra
i.e., any series of peaks all of which have near baseline restoration. The
best analysis software for Na I ( Tl ) spectra is the least squares analysis
program .
II.

Personal Air Sampler
This is a Victoreen Model 08-430 personal air sampler ( PAS ) shown
in figure (2), and consists of:
* A motor driven pump and battery housing that is attached to the user's
belt.
* A filter holder / air intake which clips to the user's pocket.
* A connecting house with head flow indicator .
The Personal Air Sampler is small in size, light weight, easy operation,
and allows the wearer to continue working with little interference or
distraction .
For determination of the volume of air sampled for a given period of
time , the following equation is used .
Volume = (D2 - Dl ) * Cf
where :
D2 = digit value on pump counter at end of the sampling period .
Dl = digit value on pump counter at start of the sampling period .
Cf = Calculated calibration factor in ml/digit (equals 121.3 mL/digit).
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Signal Processing

Hartfavf Nal(TI) Gystal
Typa: 32M481613A
Serial DF-97S

EC&G Ortec Removable Tube 8as«

AEA Constructed Preamp
(Oetign plant attached)

E G 1 G Ortec A m p l e r
Model: 570

EC&G Ortec H$\ VWaoe Soppy
ModetSM
EG8.G AOCAM Ana^si
MuRktisnnel Anayzer
ModedOOU

High Voltage Distributor!

Fig ( l a ) Schenio tic of the Atomic Energy Authority Whole Body
Counter at Inchns Cairo , Egypt
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240 cm
a » 40cm
b « 40cm
c « 42cm
Fe 12.5 cm
3 mm pb

Fig (1 b ) Monitoring geometry
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Fig ( 2 )

Model 08-430 Personal Air Sampler
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MEASUREMENT TECHNIQUES
The efficiency of this counter was shown to be relatively insensitive to
variations in distribution of 131 I, and 40K therefore no corrections were made
for such variations.
Calibration factors relating the efficiency of counting 131I and 40 K in
subjects to that of counting a reference aliquot of adminstered dose, were
interpolated from calibration curves compiled using pressed wood phantom
(Gaafar et al 1994 ) , and neck phantom of radius 3 cm containing ( 7.78 nCi
1-131 ) immersed in 20 grams rice .
A homogenous distribution of known activity of I31 I in Charcoal filter of 5
cm diameter was prepared to obtain a calibration factor for determination of
activity in sampled filter. Two charcoal filters collected before and after 131I
production using personal air sampler and the activity determined using
gamma spectrometer ( Na I (Tl) 8" X 4 whole body counter ,then the activity
in Bq/m3 was determined .
RESULTS AND DISCUSSION
Data for concentration of 131I per cubic meter before and after iodine
production using personal air sampler was determined . Derived Air
Concentration (DAC) which is simply the average atmospheric concentration
of the radionuclide that would lead to the Allowable Limit on Intake (ALI) in
a reference person as a consequence of exposure for a 2000 working hours
per year . Since a reference person inhales 20 liters air per minute, or 2400 m3
during the 2000 hours per year spent at work, the derived air concentration is
DAC = ALI/2400 Bq/m3
DAC for iodine after production was greater than before iodine production
by a factor of 17 times . Derived air concentration for 131I before and after
production was 0.03 DAC and 0.5 DAC respectively .
The thyroid burden in Bq and the Committed Effective Dose for twelve
occupational workers in the 13I I laboratory production, and neighborhood
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laboratories were assessed. The calibration factor in CPS/Bq, and dose
conversion factor in Sv/Bq respectively was used from the published data
(
SS 115-1 1994) as shown in table (1).
Table : (1) The thyroid burden anc1 Committed Effective Dose •
Name

Age

Sex

Date of measurer

KH
MM
NF
SA
KA
MA
SH
EH
MA
HA
HA
FA

26
27
26
26
50
25
30
23
38
25
28
50

M
M
M
F
F
F
F
F
M
M
F
F

18/7/1995
12/7/1995
17/7/1995
12/7/1995
17/7/1995
12/7/1995
12/7/1995
16/7/1995
31/7/1995
11/7/1995
31/7/1995
17/7/1995

W/H/C
K£,cm, cm
95/169/103
66/159/94
48/162/83
72/160/95
75/163/121
66/159/94
77/163/106
59/164/90
86/175/99
85/171/110
72/170/100
74/155/110

Activity (Bq)
5836 +
3721 +
4212 +
5365 +
137 +
137 +
8 0 +

76
48
65
73
12
12
9

45
4 0 +
2 2 +
1 2 +
11+3

+ 7
6
5
4

CED
_&iSv)
43
27
31
40
1
1
0.6
0.3
0.3
0.3
0.1
0.1

Where
W/H/C weight in Kg, height in Cm, chest circumfernce in Cm.
M
: male
F
: female
A (Bq) : Activity in Bq.
CED

: Committed Effective Dose in (uSv).

The highest doses were found in the occupational workers in the hot
laboratory for I - 131 production while the lowest doses were found in the
neighborhood laboratories . The quantity of activity measurement in thyroid
depends on the location of each subject from origin of release of 1-131 ,
degree of the leakage and time of intake which is an important parameter to
determine the activity at the time the release occurred from the incident.
Thebody content for K and 40K for occupational workers at Nuclear
Research Center for males and females are shown in table (2) and (3)
respectively .
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Table (2) : The body content for K and
Nuclear Research Center
Name
HS
SS
RA
EA
NS
FY
HH
MA
ST
AE
TH
HA
AA
NG
HA
EM
GA
AM
BA
MA
RR
MA
ES
KM
AA
AA
AA
MM
NM
HS
AE
MH
MA
AE
MH
KM
MA
NA
MS
SM
MW
Mean

W/H/C
76/175/93
59/165/83
74/164/94
86/176/93
65/164/90
96/164/125
75/178/96
91/173/108
92/173/125
57/162/86
75/170/95
95/174/115
80/176/98
59/150/95
70/167/97
60/165/88
67/167/90
76/166/99
69/174/88
76/172/99
75/174/91
71/170/96
89/175/112
92/175/115
88/172/97
61/166/90
74/175/93
69/169/92
93/182/115
55/159/67
82/180/97
93/173/110
93/173/128
82/180/97
93/173/110
81/166/104
59/167/91
67/173/87
80/176/104
66/163/100
86/173/109

k(g/kg)
2.09
2.4
2.5
2.29
3.12
1.8
2.1
2
1.6
1.15
1.93
1.93
1.85
1.9
3.2
2.6
3.2
1.58
2.5
2.4
1.8
1.77
1.74
1.64
1.77
2.16
2.09
2.13
2.18
1.69
1.94
1.74
1.65
1.7
1.74
2.66
2.66
3.08
2.17

±0.16
+ 0.2
+ 0.18
+ 0.16
± 0.2
± 0.13
+ 0.17
+ 0.15
± 0.13
± 0.14
+ 0.14
± 0.16
_+ 0.15
± 0.18
+ 0.2
+ 0.2
+ 0.2
± 0.14
+ 0.19
± 0.17
+ 0.16
± 0.15
+ 0.14
± 0.13
+ 0.14
+ 0.17
±0.19
± 0.18
± 0.15
± 0.18
± 0.14
+ 0.14
± 0.07
± 0.14
± 0.14
± 0.19
± 0.2
+ 0.14
± 0.17

2.1
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K

for male occworkers
40

K(Bcj)

± 0.15

4770 +
4464 +
5442 +
6138 ±
6293 ±
5394 +
4960 +
5580 +
4650 +
2946 +
4464 +
5611 ±
4588 ±
3596 +
6613 +
4929 +
6572 +
3720 ±
5394 ±
5766 +
4216 +
3906 ±
4855 ±
4774 ±
4836 ±
4092 ±
4855 +
4557 +
6262 +
2852 ±
4278 ±
5102 +
4743 ±
4278 +
5022 +
6696 ±
4867 ±
6417 +
5394 +
4278 ±
5518 +

+ 0.1

4835 + 69

2.09 ± 0 . 1 7
2

40

69
67
74
78
79
73
70
75
68
68
77
75
68
60
81
70
81
61
73
76
65
63
70
69
70
64
70
68
79
53
66
71
61
66
71
82
70
80
73
66
74

Table (3): The body content for K and K for female occupational workers
Nuclear Research]i Center
Name
EH
AE
SA
NH
EA
NF
SA
FM
SS
HH
MT
AN
EE
MF
AE
AA
HA

AM
HM
AS
FM
SA

Mean

M

W/H/C
65/64/90
71/50/95
65/155/97
74/157/102
73/156/100
95/156/123
79/171/120
68/158/95
69/160/95
82/170/92
76/156/88
69/160/80
48/164/86
62/152/85
62/152/99
73/160/97
59/150/80
88/158/91
61/158/95
79/151/106
94/153/125
51/153/90

0.15
0.16
0.18
0.11
0.15
+ 0.16
+ 0.17
+ 0.19
+ 0.144
+ 0.12
+ 0.25
± 0.15
± 0.17
+ 0.17
± 0.11
+ 0.13
± 0.15
± 0.16
± 0.1
+ 0.19

A(Bq)
1581 + 40
3007 + 55
3162 + 56
4154 ± 65
5486 + 74
3286 ± 57
4557 + 68
3720 + 61
4379 ± 66
5984 + 73
3720 + 61
2246 ± 47
4586 + 68
2666 + 52
3720 ± 61
4650 + 68
3565 + 60
3689 ± 61
2480 + 50
4991 + 71
3224 + 57
3193 + 57

+ 0.15

3818 + 61

0.56 + 0.08
1.37 ± 0.14

1.6
1.8
*1.4
1.1
1.7
.76
2
2.4
1.6
1.04

3
.38
.94
>.05
.94

.5
.3
2.03

1.1
2

1.7

±
±
±
±
±

From table (2) and (3) the potassium body burdens show variations with
biometric parameters (weight, hight, chest circumference) , diatery habits,
age, sex (Gaffar at al 1994) .
The average content of potassium for males and females were 2.1 ± 0.1
and 1.7 + 0.15 respectively becauase of males have body mass more than
females .
The effective half life for 1-131 for the three accidentally exposed subjects
were calculated from figure (3), which differs from one subject to another
and equals 6, 4.5, 4.3, and the average for the three subjects was 5 days
which is lesser than the theoritical value of 7.6 days as published (Palmer et
al. 1991).
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10050( i ) Subject l
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( 2 ) Subject 2

\

( 3 ) Subject 3
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(3) Clearance of 1 — 131 for three subjects.
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CONCLUSION

The elimination rate constant is a good factor to determine the activity for
previous exposure if the date of exposure is known from a metabolic model
for this subject.
The average annual limit effective dose of 131 l for whole occupational
workers depends on the environmental condition of working area and does
not exceed the Committed Eeffective Dose as published. The effective half
life for the three accidentally exposed subjects are less than the theoretical
effective half life as published in ICRP , (30) . This is due to different
elimination behaviour for each subject which depends on the health of each .
The body burden for potassium is a function of sex, biometeric parameter ,
age , and diatery habits . (Gaffar et al, 1994) .
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A LOCALLY DESIGNED MOBILE LABORATORY
FOR RADIATION ANALYSIS AND MONITORING IN
QATAR

H. ABOU-LEBLA, H. EI^SAMMAN1 AND H. MAHMOUD
Physics Department, University of Qatar, Doha, Qatar

ABSTRACT

Characteristics and performance of a solar mobile laboratory for
radiation monitoring and analysis is described. It was designed , constructed
and

equipped locally in the physics department of Qatar University by using

the currently available equipment
local

personal

in the department. Gaining experience for

was the main objective of constructing the lab. locally . The

enormous gain of expenses was also an objective. Some mission carried out by
the laboratory are given.

INTRODUCTION
Qatar whose capital is Doha is a peninsula of area about 11500 km2. It
is situated on the west coast of the Arabian Gulf. Before 1991 there was no
safety control or inspection on industrial activities using radio-active sources.
Therefore, establishing a data base for the natural radioactivity in Qatar as well
as radiation monitoring and control is a national interest.

1 Present address, Physics department menoufia University Shibin
El ROOM - EGYPT
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Data base from natural radioactivity can be collected either by static or
by mobile equipment. Data on gamma background in some locations at Doha
were previously studied

1}

spectrometer. These data

using

a non- mobile high resolution gamma

were used to study

2)

the effect of the Chernobyl

accident on the environment in Doha city in 1986. Some other data have been
also obtained for radon concentration in Qatar.3l4)

Recently, inspection of

safety control and waste disposal regulations followed by Qatar companies
using

radioactive sources showed a considerable miss use. Accordingly, a

mobile laboratory for radiation monitoring and surveying as well as sample
collection was highly needed

In the present work , we present the characteristics and performance of
a mobile laboratory for radiation monitoring and analysis. It was designed,
constructed and equipped locally in the physics department of Qatar University
by using the currently

available equipment

in the department. Gaining

experience for local personal was the main objective of constructing the lab.
locally . The enormous gain of expenses was also an objective.

LABORATORY DESCRIPTION
The laboratory consists of an air conditioned Chevrolet van borrowed
from the ministry of interior. It was equipped with the following :

1-Front scintillation detectors
Three scintillation detectors were fixed on the front bumper of the van at
about 70 cm. height from the ground. They are tilted towards the ground by an
angle of about 30 ° . One of the detectors is mounted in the middle of the
bumper while the two others are mounted on the two ends of the bumper as
shown in figure 1. The axis of these two detectors form an angle of about 120 °
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Fig. I.

Three scintillation detectors were fixed on the front bumper of the van
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in the horizontal plane . In this way, the detectors can detect gamma radiation
along the path of the van through an angle greater than 120 °.

Each detector consists of a

2" x 2" Nal(TI) crystal mounted on a

Teledyne photomultiplier tube coupled to an ORTEC 266 photomultiplier base.
The detector was protected from thermal and mechanical damage by
surrounding the crystal- photomultiplier assembly by 4 cm flexible foam before
housing the unit in an aluminum cylinder of about 0.1 cm thickness.

Fig 2 shows a block diagram of electronic modules installed in the van.
All these modules are NIM modules from ORTEC except the multichannel
analyzer. They

are housed in one NIM Bin and power supply model 4001A /

4002A.. Each detector was biased by a high voltage power supply (H.V.) model
456. Output pulses from each detector were fed through a preamplifier (P.A.)
model 113 to an amplifier (Amp) model 571 and then to a single channel
analyzer (S.C.A) model 551. The windows of the S.C.A.'s could be adjusted to
select any energy range needed . For simple total gamma radiation monitoring,
the S.C.A.'s were operated in the integral mod after cutting the amplifier noise .
Positive outputs from the three S.C.A's were fed to three inputs of a universal
coincidence model

418A, adjusted for one coincidence requirement, by this

way, the coincidence acts as an Or

gate

3)

and will develop logic pulses

whose number is equal to the sum of pulses generated from the three detectors
and selected by the three S.C.A's

2-Data acquisition system
Data acquisition from the

three detectors was performed using a

personal computer based multichannel analyzer (PCA). It consists of a PCA II
card from NUCLEUS, mounted on a PC/AT computer without a hard disk to
avoid its probable damage while driving the van . The PCA can be operated
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l-l

Fig. 2, Top view of the mobile laboratory, shows the block
diagram of the electronic modules installed in the van.

either

in the conventional pulse height analyzer mode (PHA) or the

multichannel scaling mode (MCS).

If the laboratory is used to monitor the gamma background from the road
through its way of travel, the MCS mode was used. In this mode, the total
counts from the Or gate representing the sum of

counts from the three

detectors are counted during a selected dwell time and monitored on the
screen . The dwell time can be selected from 10 micro second to 60 seconds.
For normal monitoring of roads in the city, a dwell time of 800 ms. was used.

If an increase in the monitored background, is noticed, the PCA can be
switched to the PHA mode to analyze the gamma spectra detected by each
detector. By this way, the nature of radio-nuclei causing the increase in the
background could be identified.

As an example of missions performed by the lab. using these three
scintillation detectors,

fig. 3 shows the total counts from the Or gate while the

mobile lab. was monitoring radiation background emitted from the asphalt of
some roads in Doha

city. In parts of some roads , an increase in the

background was clearly noticed. Analysis of gamma spectra in situ using the
scintillation detectors showed a complex spectrum which can be attributed to
226R3

an(j

jts daughters . In this case, samples from the contaminated asphalt

were taken to the

university laboratory where its gamma spectrum was

analyzed in a Marinelli beaker using a 10 % efficiency hyper pure Ge detector.
The spectra showed clearly that the asphalt was mainly contaminated with
2 2 6 R 3 ancj

its daughters . No traces of ^ ^ C s or ^ C o were detected . The

total radium content in the contaminated samples was ranging from about 10
to 17 times greater than rock samples taken from the lower layers or the roads.
Owing to the close and continuous cooperation

with the civil defense

department at the Ministry of Interior, the source of the contaminated asphalt
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Fig. 3, Total counts from the OR gate as a function of time, during
the path of the lab. on some roads in Doha city.
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was located and new radiation free asphalt is now used under continuous
control.

3-Radiation monitoring in air.
Radiation monitoring in air was performed by mounting an EBERLINE
environmental gamma radiation monitor model ERM2 on the roof of the van.
The monitor consists of an energy compensated GM detector coupled to a
data acquisition microcomputer. The power supply of the detector and the
acquisition system is computer controlled

and operated directly from the

mains. Normally the monitor is equipped with a back-up battery of 6 volts and 1
amp. hour capacity to operate the monitor for about

40

hours without AC

mains. The original back-up battery was locally replaced by a 6 volt - 4
amp.hour to insure operation of the monitor in the van for about 150 hours
without AC supply .

Data from the detector was continuously , retrieved and monitored on a
personal lab. top. computer in the van. By this way the gamma background was
logged and monitored during the path of the van.
As an example of missions in which the radiation monitoring in air was
useful, fig.3 shows the increase of dose while inspecting the stores of a steal
factory in Doha. The increase in dose was due to the storage of a great number
of nozzles used to pour the melted reinforcing steal. These nozzles were found
to include a considerable amount of uranium and radium. The existence of
these elements in the nozzles is probably to increase its hardness and heat
resistance.

4-Power for equipment,.
Since all equipment

in the van are common laboratory equipment

normally powered from ordinary mains, it was necessary to design an
independent, stable 220 volt AC power source in the. In the present work the

192

O
X

400 A

DOSE AT SOME NOZEL
IN CASCO

DOSE

AT STREET

O

O\

££200
o
en
o
0

I i I I ( ; I : I ; I ki JTTTlT | I ITT

11

13

15
17
19
TIME IN HOURS

21

23

Fig. 4, Dose rate as recorded using the Eberline environmental
gamma radiation monitor, during the path of the lab! in the
steal factory in 0ms saiid city

conventional simple solution of using a petrol AC generator was not
considered. An alternative source of energy using solar radiation was used.
This alternative solution was used for two different objectives. The first was to
introduce the concept of using the solar energy in sunny country where oil is
relatively very cheep. The second objective is to use a relatively light weight
system to supply continuos electric energy

in remote areas. This has been

done by using ribbon amorphous silicon solar photovoltaic 5 ) cells to charge 12
volts batteries and then converting this DC power to stabilized 220 volts AC.

Two groups
two groups of

of solar panels of total area 2.16 m 2 were used to charge

lead acid batteries (commonly used in cars). Each group of

panels consists of 4 separate panels connected in parallel, while each group
of batteries consists of two 60 amp.hour batteries connected in parallel. . Each
panel has 90 cm of length and 30 cm width. Its nominal open circuit voltage is
22 volts , short circuit current is 1.1 ampere , maximum power is 12 watt at
insulation equals 1.00 kw/m 2 and temperature equals 20 °c This corresponds
to a photovoltaic / electric power efficiency of the order of 4.5 %. The panels
are

fixed horizontally on the roof of the van with a small tilt to the back to

prevent rain water accumulation.

The electric power generated from each group of panels was used to
charge one group of batteries . Fig.2 shows a block diagram of the system used
to convert DC power from batteries to stabilized 220 volts AC. Each group of
batteries

were connected to a 500 watts 12 volts DC / 220 volt AC converter.

The converters were selected to have their output wave shape as close as
possible to the shape of a sine wave to operate the computers . They are
commercially available in the local market to be used for operation of
television sets from car batteries during camping.
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The output from each converter was adjusted to be 220 volts by a variable
transformer and then stabilized by an AC stabilizer. By this arrangement, the
stability of the produced AC power was better than 1 %.

4-1 Solar Radiation to 12 Volts DC Power Conversion Efficiency

The solar radiation to 12 V dc power conversion efficiency was obtained
by drawing the I-V characteristic curve at different loads for one group of
panels at a hot sunny day of summer in Doha . The insulation was 1.15 kw/m 2
and temperature was 41 °c. At these conditions, the maximum power from the
panels

was found to be of the order of 32.5

watt , corresponding to a

solar-photovoltaic efficiency of about 2.6 %. It should be noted that the loss of
efficiency from the nominal value stated before could be attributed to the high
ambient temperature at which the panels were exposed.

5-Auxiliary equipment
In addition to the above mentioned, the van was equipped with a
hyperpure germanium detector, various type of oc, p, y and neutrons survey as
well as dose rate meters. A water proof 3"x3" scintillation detector with 100 feet
isolated cable was also added

6- Future additional equipment

1- Global positioning

system with accuracy better than 30 meters and radio

modem for wireless data transmission.
2-

External gamma monitor mounted on the laboratory roof top detect gamma

radiation from 1 jiR/hr to 10 000 R/hr. complete with its data acquisition system,
personal computer, non volatile data retention and transceiver modem.
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3- Portable Ge gamma spectrometer with an electrically cooled system and
software

for

quantitative

characterization

of

radio nuclides in open

contaminated areas for assessment of nuclides deposited during emergencies.
Contamination or environmental activity will be given / unit area or / unit volume
4- Portable 200 MHz pulse oscilloscope
5- Vacuum cleaners for radioactive waste, Top pan electronic balance 2 kg
/0.01g, Rubber boots, Water proof coats with hoods, Portable TV camera,
Portable chargeable lamps, disposable gloves,
extinguishers, Portable air

Different

types of fire

analyzer for surrounding area and

toxic gas

analyzer
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GENERAL FIRE PROTECTION GUIDELINS
FOR EGYPTIAN NUCLEAR INSTALLATIONS
S.M.RASHAD, A.Z. HUSSEIN, F.H. HAMMAD
NATIONAL CENTER FOR NUCLEAR SAFETY AND RADIATION
CONTROL
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ABSTRACT

This
guide
is
confined
to
the
fire
protection
arrangements
necessary
for ensuring
that
the
safety
functions of a nuclear facility are not endangered in
the event of a fire. The nuclear facilities should be
designed with a view to the possibility of severe fires.
The objective shall be to design such nuclear facilities
that the probabilities and effects of fires are minimized
and that the safety of the facilities will not be degraded
during and after a fire. General fire protection guidelines
which have to be enforced are described in this guide
after reviewing the conditions at Egypt's First Research
Reactor ET-RR-1, the Hot Laboratories Center at Inshas,
and the Industrial
Irradiator Facility
(Egypt's Mega
Gamma-I) at Nasr City and after going through the available
guides and standards.
The
at

requirements

the

existing

protection

given

in

Egyptian

modifications

this

nuclear
that

are considered case by case.
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SPECIAL PROBLEMS IN FIRE PROTECTION
AT NUCLEAR INSTALLATIONS
The outbreak of fire must not endanger the safe shutdown
and cooling of the installation, since this could cause
serious damage to the fuel and possibly release radioactive
fission products.
The special problems encountered in nuclear installations
are due to the presence of different radioactive substances
(solid, liquid or gaseous) with varying activity and
decay rates. These radioactive substances are the cause
for the division of the installation premises into what
are sometimes called controlled and uncontrolled areas
in order to limit the exposure of the employees when
working in different parts of the installation.
The
division
of
the premises
into controlled and
supervised areas also affects the arrangement of the
fire protection systems and the design of ventillation
systems.
The
presence
of
gaseous
or
airborne
radioactive
substances requires pressure differentials to maintain
the flow of air from the less towards the more contaminated
rooms
and
regions.
Smoke
extraction
methods
must
accommodate this principle.
Manual fire fighting in a nuclear installation may
prove to be difficult and time consuming operation, since
the fire fighters must be given sufficient protection
against radiation exposure, be it by limiting the exposure
time or by wearing special protective equipment.
The radiation dose limits to which fire fighters and
other emergency personnel may expose themselves is a
subject on which no simple statement can be made. Onekind
of exposure comes from external exposure to ionizing
radiation.
Another comes from radioactive substances
which may be inhaled or ingested. The exact limits should
be defined by the emergency program established for the
particular installation.
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DESIGN REQUIREMENTS
Protection from fire and fire related explosions assumes
importance in the overall design of a nuclear facility
in so far as it forms a crucial part of the safety
considerations, namely the protection of safety systems
and other aspets important to safety.
Therefore, planning for fire protection shall be an
integral part of the design stage and not an afterthought.
Fire protection shall continue to be a well planned and
implemented program throughout the life of the facility.
STRUCTURAL FIRE PROTECTION
Structural

fire

protection

measures

shall

be

capable

of, as far as possible, ensuring alone the safety of
a nuclear facility in the event of fire. Therefore, the
functional design and lay-out considerations of a nuclear
facility and its buildings form the prerequistes for
adequate fire prevention and protection. One design aspect
shall be the housing of the proportions of the facility
most important to nuclear safety in separate buildings
apart from the conventional parts of the facility, there
by facilitating protection against fire of the items
important to nuclear safety. The buildings containing
items important to nuclear safety should be fire resistant.
The electrical power supplies between the facility
and the national grid shall be arranged in such a way
that the probability of losing all supplies simultaneously
due to a fire is minimized.
The purpose of partitioning a nuclear facility into
individual fire areas is to maintain the operability
of the safety functions at the facility irrespective
of how well the postulated fire can be brought under
control with fire suppression measures. In addition,
the purpose of fire areas is to prevent the fire from
spreading in a manner that would endanger escape from
a dangerous part of the building.
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The process, electrical and instrumentation
systems
at the facility shall be diversified and partitioned
into different fire areas in such a way that in case
one fire area is destroyed, there are still sufficient
number of systems available to ensure the safety of the
facility.
The boundary between the controlled and uncontrolled
zones shall also be the boundary between fire areas.
The requirements set forth in the safeguards shall
also be taken into account in the design and dimensioning
of the fire areas, access and escape routes and fire
doors.
The

fire

areas

should

have

a minimum

fire

resistance

of one hour. The access and escape routes needed for
the safe shutdown of the facility, the access routes
for fire brigades, at least one emergency exit in each
building, shall be so designed and constructed that these
areas can be used safely at least for two hours under
postulated fire conditions.
The fire resistance of the separating elements of fire
boundaries such as doors and hatches, cable and pipe
penetrations shall be equal to that required of the walls,
the floors, and the ceiling structures.
Ventillation should not degrade fire protection of
the facility; fire areas containing redundant systems
important to nuclear safety should not be provided with
mutual ventilation
systems
that could
increase
fire
hazards.
In the design of the ventilation systems, it
shall be taken into consideration that in the event of
a fire they can quick switched off quickly and reliably.
Cables from the redundant safety systems to the control
room

shall be routed as far as possible

inside separate

fire

areas.

The

control

points

the

control

room

shall

the

control

room

equipment

equipment
be

designed
and
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and
and

housed

in

outside

separated

from

separate

fire

areas so that the safety
in case the control room
a fire).

functions can be accomplished
is totally destroyed (due to

ACTIVE FIRE PROTECTION
The

objective

of

active

fire

protection

measures

is

an early detection and effectively extinguishing a fire.
Acive

fire

alarm

system,

fire

protection
and

suppression

to

structural

the

facility

fire

comprises

shall

fire

extinguishing

arrangements

fire

a

as

protection.
not, in

any

detection

systems

and

complementary

However,

the

parts, be

and
other

measures
safety

of

dependent

on

the active fire protection measures alone.
To facilitate fast suppression of fire and to minimize
damage and hazards, effective fire extinguishing systems
should be designed for the facility. Fixed reliable fire
extinguishing systems shall be designed for the facility.
Fixed
reliable
fire extinguishing
systems
should
be
provided for the following rooms and systems, irrespective
of the lay-out design of the facility:
* Cable

spaces

containing

redundant

cables

which

are

important to safety not housed in separate fire areas.
* Large oil systems for the main circulation pumps.
* Diesel generators (if existed)
* Spaces

and

systems

from

which

considerable

amounts

of radioactive substances can be released into rooms
or into the environment by a fire.
Removal of extinguishing water shall be arranged from
rooms equipped with fixed water extinguishing systems.
ACCESS AND ESCAPE ROUTES, AND EMERGENCY LIGHTING
To facilitate the safe shutdown of the facility, the
effective operation of the fire brigades and safe escape
from the building during a fire or other emergencies;
the building should be provided with adequate access
and escape routes. These routes shall be spacious and
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easy to pass through.
The facility shall be equipped with an emergency lighting
with the purpose of ensuring safety of passage inside
the building when the normal lighting is out of order.
Emergency lighting means both signal lights and standby
lighting. The signal lights which are used for indicating
the escape routes
are continuously
on and
function
independently of the normal lighting. The purpose of
standby lighting is to remain on or to be switched on
automatically or manually when the normal lighting goes
out. Emergency lighting shall also be located near the
signs indicating the escape routes and emergency exists.
CONSTRUCTION PERMIT
Before the construction permit, the preliminary Safety
Analysis Report (PSAR), and the complementary topical
reports must be submitted to the regulatory body. These
documents shall provide a description of how the fire
protection requirements are met in the design of the
facility. The division of items should be as follows:* Description
of regulations,
used in the design.

guides

and

standards

* Description of fire loads.
* Description of fire areas.
* description of ventilation in the event of a fire.
* Preliminary description of the fire detection
alarm system, and fire extinguishing systems.

and

*-Description of the escape routes and emergency exists.
* Description of the fire hazards analyses.
FIRE HAZARD ANALYSIS
The purposes of the fire hazard analysis are:
* To identify items important to safety
* To

analyse

the

anticipated

consequences

of

the

fire

important to safety.
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fire
with

growth
respect

and
to

the
items

* To determine
barriers.

the

required

fire

resistance

of

fire

* To determine the type of fire detection and protection
means to be provided.
* To identify cases where additional fire separation
or fire protection is required, especially for common
mode failures, in order to ensure that items important
to safety will remain functional during and following
a credible fire.
* To verify that the safety systems required to shut
the facility down, remove residual heat (if required),
and contain radioactive material are protected. They
should be protected against the consequences of fires
so that they are still capable of performing their
safety functions.
To secure effective nuclear safety for the installation,
the fire hazard analysis must cover all areas of the
site, including the non-nuclear facilities. Assessment
of all the site areas is necessary to ensure that all
the fire hazards which potentially threaten nuclear safety
have been addressed. Fire protection measures (both passive
and active) should also be considered for any area
containing concentrations of combustibles, even though
the area may not contain or expose nuclear safety systems.
This additional protection may be provided in order to
minimize both property damage and installation down that
could occur as a result of fire.
For identification of fire hazards and safety systems,
the information that must be obtained can be separated
into
seven
categories:
fire
compartment
inventory,
combustibles inventory, ignition sources, passive fire
protection
measures, active
fire protection systems,
items outside the fire compartment, and field verification.
SUPERVISION OF CONSTRUCTION
After

the

issuance

of

the

2Q3

construction

permit,

the

regulatory
body
supervises
the
construction
of
the
facility. In order to get a sufficiently detailed picture
of the implementation of the fire protection arrangements
at the nuclear facility, the applicant shall furnish
the regulatory body with accounts of the following items:
* Wall, floor
boundaries.

and

ceiling

structures

of

the

fire

* Fire doors and hatches and their fire resistance.
* Types and fire resistance of fire stops used in cable
and pipe penetrations.
* Fire detection and alarm system.
* Fire extinguishing systems.
* Fire venting and smoke extraction.
* Removal of extinguishing water.
* Emergency lighting.
The results of the fire hazards analyses shall be
reported comprehensively
to facilitate the assessment
of the fire resistance of the structures.
OPERATING PERMIT
For this stage, the Final Safety Analysis Report has
to be submitted to the Regulatory Body. In addition,
accounts of items relating to the planned fire protection
arrangements shall also be submitted.
All the organizations which might be called to a fire,
should be consulted at the planning stage to avoid the
need for later adoption of protective measures at increased
cost and delay.
A fire prevention and protection organization should
be established as an integrated department of plant
management
and
provided
sufficient
responsibility,
authority and manpower to permit effective performance
on a 24 hourday basis.
The

areas

designing

of

their

consideration

of

preplanning

for
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facility
an

management

emergency

in

program

should include as a minimum the following requirements.
* A self inspection program.
* An emergency and fire fighting organization
an Outline for its training program.
* Personnel
control
situations.

as

it

relates

to

with

emergency

* Health Physics Group responsibilities.
* A coordinated response plan with public emergency
forces (Civil Defence.., Ministry of Health
)
including periodic drills.
* Procedures for loss minimization and decontamination.
* The safeguarding of valuable process data and records.
* Community relations.
The self inspection program
should be formal and
conducted
objectively
by
knowledgeable
employees
who
have a good understanding of the hazards to be safeguarded.
The reports of these inspections should be reviewed by
management at a level which can initiate corrective action.
The self inspection report forms should be specifically
designed for each facility and include all aspects of
basic fire protection as well as those unique to the
facility.
Fire emergency procedures shall be established for
all personnel. Sufficient training shall be conducted
to ensure that every person is familiar with the emergency
procedures and his assigned responsibilities.
Drills shall be held at least quarterly, but should
be held more frequently as operations permit,especially
in the case of buildings involving high fire risk.
The fire protection manager is responsible for the
implementation of the fire protection program. This program
usually encompasses both prevention and protection and
should include the following:
* Interpretation

of

applicable
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codes,

regulations

and

standards.
* Design

review of the initial fire protection system,

alterations and extensions.
* Review of and consultation
of process changes.

on

* Issue of hot work
cutting,.. etc.)

("Hot" meaning

permits

fire

safety

aspects
welding,

* Inspection of equipment for fire hazard.
* Relationships with insurers (where applicable).
* Liaison with official safety organizations.
* Fire protection equipment inspection and maintenance.
* Fire brigade organization and training.
* Emergency fire procedures.
* Fire and damage investigations and reports.
* Supervision
during
impairment
of
notification to insurers if applied).
* Emergency

planning

for

protection

minimization

of

effects

(and
of

damage.
SUPERVISION DURING OPERATION
The regulatory body supervises the inservice inspections
performed by the owner of the facility to the extent
deemed necessary and carries out inspections relating
to fire protection in accordance with its own program.
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MEASUREMENT OF y-RAY DEPTH DOSE DISTRIBUTION IN
TISSUE EQUIVALENT MATERIAL
M.A. FADEL *, M.A. EL-FIKI, H.M. E1SSA, A.I. ABDEL-HAFEZ AND S.H. NAG1JB.

National Institute for Standards, Cairo, Egypt.
* Biophysics Department, Cairo University.
ABSTRACT
Phantom of tissue equivalent material (TEM), with and without implanted
bone, was used for measurement of y-ray depth dose distribution from 252Cf-source
positioned at the center of perspex phantom.
Two geometries were constructed at 3.5 cm from the source and at the
periphary of the phantom. Depth dose measurments were recorded for x-y and x-z
planes at different distances from the source., TLD 700 was used for measuring y-ray
depth dose distribution.
The results indicate that the implantation of the bone in tissue equivalent
medium causes a change in depth dose distribution. This changes varies according to
the variation of bone geometry from the source.
INTRODUCTION
Neutron brachytherapy using 232Cf-sources has generated considerable interest
in recent years as a modality for treating advanced stage cancers. (l>2) Brachythcrapy
sources are applied in three ways: external applicators, interstitial implantation and
intracavitary therapy. A choice of one technique or the other is dependent on the size
and location of the tumor.
Various solid and liquid materials have been used in radiation dosimetry as
tissue equivalent material (TEM) which have acceptable mass density*3"R).
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The present work deals with the study of the depth dose distribution of y-ray
dose rate in TEM with and without implantation of mamalian bone at different
geometries using

252,

Cf-source.
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Figure < 1 ) :- Illustrates the side view for the sample's holder
orientation In the axial distance (x) from the center or the " Cf
source for the two geometries : (a) The rib Is Implanted at 3.5 cm.
b) The rib Is Implanted near the wall of the phantom.
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EXPERIMENTAL
A cubic chest perspex phantom of dimension 30 * 30 * 30 cm filled with 20
liter (TEM) was used. This medium consists of the average values of potassium
chloride, magnesium chloride, sodium chloride, calcium chloride and glucose in
concentration 0.373, 0.19, 8.5, 0.1 and 0.9 gram/liter respectively. A fresh piece of
bone from ribs of a cow of dimension 21 cm long x 2.5 cm thickness was implanted in
TEM at 3.5 cm from the source (Gi geometry) and a larger piece of bone from ribs
(28.5 x 4 cm) was placed at the periphery of the phantom (G2 geometry). Depth dose
measurements was carried out on each bone geometry separately. This is shown in Fig.
(1). A 50 ng 2"Cf-source manufactured by the Radio Chemical Center, Amersham,
England was implanted in the center of the phantom and the irradiation was carried out
in a square room of approximately 6 m side, 4 m height. Several TLD 700 (7LiF)
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crystals mad by the Harshow Chemical Company of dimension 3 x 3 x 1 nun, were
used to estimate the y-ray dose rate in mixed y-neutron fields'9'. A thermoiuniinescence
readout type Harshow 300 A at temperature rate 5°C/ sec was used.

RESULTS AND D1SCUSION
In figures (2) and (3) the variation of the y-ray dose rate as a function of the
vertical and perpcudicular distance Y and Z in the (X-Y) and (X-Z) planes in the TEM
are illustrated respectively. This indicates that y-dose decreases as the distance Y or X
and Z or X increases. However in Fig (3) at distance X=2 a hump at Z=l is observed.
This is postulated to be due to the fact that the energy range of the neutrous at this
point will carry on radiative capture reactions depending ou the elemeutal constituents
of the medium such as Cl, Na, Ca, K, etc.. These probable reactions of neutrons with
these nuclei may lead to the increase of y-compoucnt. Other explanation for the
appearance of the hump are possible.
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In figures (4) and (5) the variation of y-ray dose rales as a function of the
vertical distance Y and perpendicular distance Z in (X-Y) and (X-Z) planes for first
geometry (G|) are illustrated respectively. The results indicate that the y-ray dose rate
decreases with the increase of Y or X and Z or X. The absence of the hump may be
attributed to the attenuation of the y photons by bone.

In figures (6) and (7) the variation of the y-ray dose rate as a function of the
vertical distance Y and perpendicular distance Z in (X-Y) and (X-Z) planes for
second geometry (G2) are illustrated respectively. However, in Fig. (6) a peak is
observed at X=2 and Y = 1. The y-ray dose rate in G2 geometry reads 35 m Gy/hr as
compared to the 25 m Gy/hr for G\ geometry in Fig. (4). This is due to the absorption
of y-photons by the interveuing bone in Gi geometry between source and point of
measurement.
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In figures (8) and (9) the change in the average value of the y-ray dose rate *R2
as a function of radial distance R at G| geometry and Gj geometry are illustrated
respectively. It is clear from the figures that y-ray have maximum build up at 8.5 cm
and 6.5 cm in 1* and 2^ geometry respectively. This finding supports the previous
resonning that attenuation of bone to y-ray is higher at closer distance to the source.
CONCLUSION
It may be concluded that the use of TEM that contains elemental component
similar to those averaged for those humans gives data much related to human than
distilled water. And the presence of bone in TEM and its position with respect to
neutron source affects the depth dose distribution for y-rays. Finally more efforts may
be done at the interface between the bone and the TEM and the different types of
bone, thickness, and distances form the source.
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IN DETERMINATION OF ABSORBED DOSE
F. A. S. SOLI MAN, H. A. ASHRY*, A. Z. El -BEHAY*, AND S. ABDOU*
Nuclear Materials Authority, Maadi P.O.Box 530,
Cairo, Egypt.
*« National Center for Radiation Research and Technology,
Nasr—City, Cairo, Egypt.
ABSTRACT
The polystyrene-water calorimeter was investigated as a
modification of the water
rene has a low specific
defect.

calorimeter,

heat and

This calorimeter

where the polysty-

negligible or known heat

was designed,

constructed,

calibrated for measurement of the radiation
The system
induced

u t i l i z e s a thermistor to

temperature

absorbed dose.

detect the radiation-

rise in the polystyrene

certain point from the radiation source.
b i l i t y of

and

absorber

at

A temperature s t a -

as low as O. OO18 °C/min in a 42.0 °C environment

and a y - radiation s e n s i t i v i t y
were obtained.

of as high

as 1.9720 Q/Gy

Comparisons of the results obtained by using

the polystyrene - water calorimeter

with those obtained by

applying other types of calorimeters i. e. , water and graphi t e calorimeters were also done to aid in the possible real i z a t i o n of

an accurate and

under widely different

efficient

instrument

irradiation conditions.

for use

INTRODUCTION
It has

been pointed out that the effort in the devel-

opment of water calorimeter to overcome

the physical prob-

lems of accurately and e f f i c i e n t l y measuring a
r i s e at a point in water was successful,
of and

need of

iated

temperature

but the existence

corrections for heat defects in the irrad-

water s t i l l

remained

'

.

Calorimeters

constructed of materials having absorption

should be

properties c l o -

se to that of water and a negligible or known heat defect.
The polystyrene i s a material of such promise
Using a water calorimeter for the Co-OO y-ray irradiation measurement, the measured absorbed dose rate in d i s t i l led

water was

shown to be

obtained when a graphite

3.50 V% higher

calorimeter

than the result

was used instead

A nearly the same result, 3.8 >S, was derived in the comparC3D

isons done by Maries

between

the measured

results obt-

ained by an ionization chamber and those obtained by a water calorimeter irradiated to the Co-©0 y-rays.
The thermal defect i n polystyrene i r r a d i a t e d with s e v e (4)
ral y-beam qualities has been found to be insignificant
C5D
The l a r g e s t reported value of t h i s defect s o far
i s only
a borderline evidence of a non-zero thermal defect of CO.©7
± O.94DJ< standard deviation for the 3O kV, X-rays.
Co-60 y-rays,

For the

a thermal defect of C 0.010.80 }>S was repor-

C 6^

ted

, after

p l e used.

a preirradiation of about 2. O kGy t o the sam-

A zero thermal

defect for f a s t

neutrons

and

O.1O >i thermal
defect for 1. 7O M©V, protons have been
C8D
reported
. These r e s u l t s i n d i c a t e minute discrepancies i n
the thermal d e f e c t s i n polystyrene and can be used for making an e f f i c i e n t

calorimeter

t o measure t h e

i n the polystyrene and convert i t t o the
the water.
dent tool

Such an instrument would be a
for comparison with
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absorbed dose

absorbed dose i n
valuable indepen-

other calorimeters and d e t e -

ctors.

This i s accomplished by a simple modification of the

water

calorimeter

, where only the detection

needs to be replaced.
rimeter, 15.0 cm in

assembly

A large homogeneous polystyrene c a l o diameter and 20 cm long, was described

in Ref. C10D.
Calorimetric and ionometric measurements were made as a
result of irradiations with Co-60 gamma-ray or 11-MeV, and
13-MeV

electron beams.

Comparisons of

showed

agreement C within the

determinations of absorbed-dose.
ernal temperature
block of
ities.
problem

drifts i s not

material with low

uncertainties 3 between the
But rapid

control of

possible in

int-

such a large

heat and electrical

In the present work i t
in the

these measurements

conductiv-

was tried to overcome

polystyrene - water calorimeter

this

by making

measurements at a certain operating temperature C21.0 ° O .

METHOD AND MATERIALS
The main physical difference between the polystyrenewater calorimeter and the water calorimeter
'
is in the
the detector used. In this section, the new features of the
present calorimeter as well as its construction features,
the calorimeter setup, thermistor sensitivity measurements,
and corrections for heat defects will be described in details.
1. Polystyrene-Water Calorimeter
A complete pol ystyrene-water calorimeter is schematically shown in Fig. 1, which is a modification of the water
COO
calorimeter
. The difference between these two calorimeters is that an absorber made of pure polystyrene is added
in the polystyrene - water case. Because polystyrene has
essential radiation absorption properties close to those of
water and has a reported heat defect of less than 1.0 ,
a calorimeter for measurement of absorbed dose in polysty-
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rene C corrected
comparison

to water D would

be a valuable

tool

for

with measurement

made directly
in water under
C12}
widely different irradiation conditions
. Also, the polystyrene
has a specific heat capacity of
only about "1/3"

C4D
that of the water
. Thus, irradiation is expected to cause an increase in temperature of the polystyrene rod about
three times faster than that of the surrounding water.

To Measuring System (Resistance & Temperature)
lEJectrfcal Connections

Measurement
Positions
Holder
Calorimeter Vessel
Water
Polystyrene Absorber
Thermistor
and
Thermometer
Air Evacuated
Between Two
Vessels
Expanded
Polystyrene

,.ri i r r i n r.r.T:rrri.YTV.TT-7TiT-iiT-Fir':'

Fig.

1. Schematic Diagram of Polystyrene - Water
Calorimeter Showing the Temperature Measurement
Positions
i Tl, T2, T3, and T4.

To prepare the polystyrene absorber,
diameter

of 2.40 cm and length of

10. O cm was f i l l e d

styrene monomer C GRG; produced by
up t o 5. O cm high.

The tub© was then
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a g l a s s tube with
with

Avondale laboratories D
exposed t o y-ray t o a

dose of 2. O kGy, which r e s u l t e d i n a p o l y s t y r e n e phase

C133

A c a l i b r a t e d thermistor C 47 kfi a t 25 °C D and a m i c r o - t h e rmocouple were together sandwiched i n t o t h e c e n t r a l

a x i s of

t h i s p o l y s t y r e n e rod r e s u l t e d C 24 mm i n diameter and 5O mm
long 3. The polystyrene rod C absorber 5 was then taken out
of t h e g l a s s tube and immersed i n t o t h e calorimeter
The calorimeter v e s s e l

was i n s u l a t e d

vessel.

with 25 mm thick e x t -

ruded p o l y s t y r e n e C or styrofoam 5 for

preventing t h e heat

dissipation.
The fractional

changes in the resistance value of

thermistor per unit
by the

use of a

connected to
calorimeter,
ilized

temperature rise CSD can be determined

probe mounted inside

the thermometer.

sufficiently in

As in the

temperature

process of

case of the water

operation,

within

an hour.

The

positioning the empty calor-

f i l l i n g i t with water

ing i t into

the calorimeter and

the polystyrene-water calorimeter can be stab-

whole measurement
imeter,

the

to an accurate depth,

and making

24 runs with

gett-

each run

having 5. O minutes of irradiation requires about 4. O hours.
2.

Measurements Technique
The present measuring system consists of a thermometer

C K
M 3O12 } with a thermocouple
Sinclair multimeter CDM 235} ,
rene as

a sensitive part

of O. 30

and the absorber of polysty-

in the calorimeter.

exposure cycle to j'-rays, the changes in
tor resistance

mm in diameter, a
During each

both the thermis-

and i t s temperature were recorded simultan-

eously.

To check the results obtained,

lished

calibrated

Fricke dosimeter

another well-estabwas also

used, which

was known to be very stable and have a precision limits wi thin about ± 1.0 V.
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3.

Gamma I r r a d i a t i o n
The i r r a d i a t i o n of y-rays

was carried out by applying

the " Egypt's Mega-Gamma-I " r a d i a t i o n

processing

facility

C J-6500 0 for which the Co - 6O dose r a t e d i s t r i b u t i o n had
been p r e v i o u s l y

measured, c a l c u l a t e d and

reported

C1 ^

In order t o obtain the ^-response curve of the calorimeter,
a dose r a t e of 0.2072 Gy/sec was used
ion process

during the c a l i b r a t -

Cusing the research loop system at

a distance

of 16O cm from the source 3. The period of each i r r a d i a t i o n
run was 5. O minutes.

Up t o 24 s u c c e s s i v e runs were made i n

about 3. O hours which included the time
i o n the c a l o r i m e t e r ,
and get i t

fill

it

required t o p o s i t -

t o an accurate depth of water,

i n t o operation.
RESULTS AND DISCUSSION

The calorimeter absorber C polystyrene} has a low thermal
diffusivity
of a s i n g l e

and a poor e l e c t r i c a l

conductivity.

point source c a l i b r a t i o n

ical

i n such material.

Measurements

half

of the absorber t h i c k n e s s ,

heater i s not p r a c t were carried out

unding the calorimeter absorber i s
Thermistor S e n s i t i v i t y
For c a l i b r a t i o n
couple
bath.

wore

immersed

over

1. SO cm, i . e. , t o the c e n t -

ral a x i s of the rod, t o ensure that the

1.

So, the use

temperature surro-

constant.

Measurements

purpose,
into

a

the absorber and the thermovariable

temperature

The operating temperature of the calorimeter

water

was cho-

sen t o be t e s t e d at a temperature value of around 21.0
So, measurements of the thermistor

r e s i s t a n c e were carried

out i n a temperature range of 13 - 30
0 . 5 0 °C.
meter

The temperature

and the

°C,

and i n s t e p s of

was measured by

using a thermo-

corresponding r e s i s t a n c e

resolution digital

C.

change by

a high

multimeter of the type PM 2441, P h i l i p s .
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The thermistor resistance value CrD at a
CTD can

then be

computed

empirical expression

from the

given temperature

following

well known

:

where r
i s the thermistor resistance at a reference temperature CT } ,
and ft i s the material constant of the thermo
i s t o r to be determined. Then,
the s e n s i t i v i t y of a thermi s t o r CS3, as described by Domen

, i s defined as :

S = Ci/rDCdr/dT)

C23

which gives

S = -ft/T*

C 3D

Equation C1D can be reduced t o a linear form :

Y = ft X + e
where Y = In r, X = 1/T,

C45

and 9 = In r - ft/T C= constant).
o ' o

Measured Y and X values were l e a s t - squares f i t t e d to Equ.
C4D to yield the material constant ft.
Figure 2

shows the obtained

temperature C T in unit

of

relationship

C D of the

between the

thermistor and i t s

resistance C r ; in unit of kfl D from which
constant Qft~) of the thermistor i s derived,
be equal to 19.0,

by determining

the material
from Equ. 1, to

the slope of

the curve.

The thermistor s e n s i t i v i t y C S 5 at the operating temperature C T = 21.O °C D was also calculated

for the thermistor

used by applying Equ. C35, to be equal to -O. O431 fl/°C.
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2. Temperature Stability
The heat absorption or loss by the calorimeter depends
on the temperature situation of the outer medium. For a
well insulated calorimeter, the rate of temperature change
of the absorber in it can be reduced to a very small value.
To check the temperature stability of the system, defined
as the change value of temperature C C } per unit time
CminD, the heat transfer from the environment through the
calorimeter and the temperature of the surrounding environment were measured.
A temperature stability test for this polystyrene-water
calorimeter was accomplished by uniformly heating the
calorimeter at 43.O °C with a controlled oven. Temperature
measurements were carried out at four positions : CID the
polystyrene absorber CT13, C23> the water in the calorimeter
vessel and around the absorber CT23, C3) outside the calorimeter vessel CT3D, and C4D the environment around the calorimeter CT4D.

2950

£. 3.905
~ 3.890
3.875
43.8

44 A

45.0

45.6

46.2

46.8

3

1/TxKT (T inunft of *C)

Fig. 2. Change of Thermistor Resistance
of the Temperature.
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a Function

Figure
each

3CaD shows

of the four

the

detected

measurement

temperature

points.

Fig.

level

at

3Cb3> gives the

scale-enlarged presentation for the measured temperature of
the absorber and i t s surrounding water.
heat

transfer

through the

I t i s seen that the

calorimeter decreases from out-

side to inside of the structure.

From Fig.

3Cb3, a tempera-

ture s t a b i l i t y value of the calorimeter of as low as O.OO18
°C/min in an environment of 42 °C can be obtained.

0

65

130
195
Time, mln

260

325

22.6Or

2080
130
195
Time, min

Fia.

260

325

3 Ca) Detected Temperature Levels at Four Measuring
Points CT1, T2, T3 and T4> Within th® Calorissster
Structure, and (b)
Sam® as Ca) for Tl and T2 but
With the Teisperature Scale Enlarged.
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3.

Gamma-Radiation

Sensitivity

To t e s t the j-'-radiation s e n s i t i v i t y of the proposed c a l orimeter system,
istor

defined as the

absolute change in therm-

r e s i s t a n c e CCD per unit j'-exposure CGyD, the absorber

temperature r i s e and the corresponding change of the thermistor

resistance

were measured

exposure t o f - r a d i a t i o n
Gy/sec.

simultaneously

during

the

at a known dose r a t e level of 0.207

The obtained

response i s

where each data point

represents

illustrated
the mean

successive measuring runs. From which the
i t i v i t y of the proposed calorimeter can be

in Fig. 4,

value

radiation

of two
sens-

calculated.

The

gamma - ray energy deposition p r o f i l e s was r e f l e c t e d by the
the induced temperature r i s e of the calorimeter.
erature r i s e

leads to a t r a n s i e n t decrease

ance of the thermistor.
t h e r e i s no
after

permanent damage in

a ^-exposure up t o 2OO MGy

23.20

21.50

Fig.

I t has been

4

in the r e s i s t -

proved previously t h a t

the thermistor
C19)

Exposure rate : 0.2072 Gy/sec

24

This temp-

48
72
96
Irradiation Tfme, min

resistance

55-00

51.00

Change in th© Induced Temperature i n Polystyrene
Absorber
and the Corresponding
Changes in the
Thermistor Resistance due to Gairana-Exposure.
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The gamma-radiation sensitivity of the present calorimeter thermistor resistance was calculated
from the slope
of the " resistance-irradiation time " dependence, shown in
Fig. 4. to yield a value of "-1.972 fl/Gy".
4. Absorbed Dose Rate to Polystyrene, Dp
The absorbed dose rate at a point in polvstyrene <Dp) is
. (2.4.11) :
given by • •
Dp = <Ar/r)

<S)~ <c) x thermal defect

in

polystyrene...(5)

where :
Ar/r

: fractional
unit

changes in the thermistor

time < sec

) due to the increase in temperature

caused by the irradiation
from the

(= 7.18 x 10~ .

determined

slope of the resistance - irradiation time

relationship,
S

resistance per

shown in Fig.

: mean fractional
tor per unit

4.

per unit

time).

change in resistance of the thermis-

temperature

rise

( = -

0.0431

Ci/°C.

obtained applying Equ. 3 ) . and
c

: specific

The specific
ulated,

at an

yield a

heat capacity of the polystyrene.

heat capacity

for the polystyrene was c a l c -

operating temperature of about 21.O

value of

t h i s specific

J/g.°C.

1.2030

J/(

g.°C ) .

°C.

It was reported
3

heat capacity increases by " 4xlO~

to
that

J/(o.°C)"

at room temperature

The average

temperature of the polystyrene absorber

the polystyrene-water
tance as a

calorimeter

functions of

120 min are shown in Fig.

the y - ray irradiation

resistance decreases

rate of 0.2072

r e s u l t s obtained,

time up to

from 21.6 °C up to 23 °C. while

52.10 kfi for an irradiation of
osure

resis-

4. The polystyrene absorber temp-

erature i s seen to increase
the thermistor

and the thermistor

in

Gy/sec

from 54.940 kQ down to

120 min under the known exp( to the water

and the thermal

coefficient

).

From these

of the therm-

istor resistance ( S ) at the operating temperature range
as well as the assumption that the thermal defect of poly(4)
styrene is a negligible value
, the absorbed dose rate
(Dp) at a point "P"in the polystyrene absorber can be obtained (0.1997 Gy/sec). Finally, the characteristics of the
calibration curve of y-radiation transient changes on the
resistance value of the thermistor used is shown to follow
the following equation i

r(Gy) » (54.75r kf))-(0.025) . (Irradiation Time)

(6)

where r(Gy) is the thermistor resistance value during irradiation, and the value " 0.025 " represents the slope of
least-square fitted "resistance-irradiation time" relationship, where a correlation coefficient value of 0.999G is
obtained.
5. Absorbed Dose Rate to Water
The absorbed dose rate to the water ( Dv ) can be determined from the measured absorbed dose at a point in the
polystyrene absorber (Dp) of the polystyrene-water calorimeter, by using the following well known relationship r
:

where (.u /p) and (.u /p) denote the mass-enerov absoro*en
v
en
p
tion coefficients for water and polystyrene. respectively.
P
is the replacement factor to correct for the effect
r«pl

of change in photon energy fluence ( at the position of
measurement ) when the polystyrene rod replaces an identical volume of water. For gamma-ray from Co—60 values of
(u /p) /(ti /p) and P
, are 1.033 and 1.001, respectM
r
en
w
en
p
r*pl
ively, and therefore.
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D

= 1.034 D
w

= 0.2065

Gv/sec

(8)

p

where the obtained D value of 0.1997 Gy/sec has been used.
The obtained dose rate to water is seen to be in close
agreement with that measured by using the well—known calibrated Fricke dosimeter ( i.e., 0.2072 Gy/sec ) under the
same irradiation conditions.
ABSORBED DOSE INTERCOMPARISON
In the field of dose determination, the absorbed dose to
water has been determined at a certain point in water at a
distance of "180" cm from a
Co f-ray source by using the
(13)

well known calibrated Fricke dosimeter
and also by applying different calorimetric techniques. The graphite, water, and polystyrene—water calorimeters were irradiated under identical conditions to that for the Fricke dosimeter.
Results of a comparison study for the temperature stabilities and radiation sensitivities of these three types of
calorimeters are aiven in Table 1.
The absorbed dose to a given medium is found to be proportional to the product of its specific heat and the radiation-induced temperature rise in the medium. The specific
heat of water is 1.0 J/g.°C which depends little on the
temperature in the range of interest (i.e.. around 21.0 C ) .
The absorbed dose rate to the water calorimeter was measured to be 0.220 Gy/sec ( before correction for the heat
defect in water of = 4.0 X. which indicates an exothermic
effect in the irradiated water ) . On the other hand.
the
dose rate measured by applying the graphite calorimeter is
0.183 Gy/sec. The normalized absorbed dose to water
from
that obtained by the graphite calorimeter at the same irradiation position was then calculated to be 0.205 Gy/sec.
The result obtained by the polystyrene-water calorimeter
(i.e.. 0.2065 Gy/sec) is close to that determined by apply-
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ing the graphite calorimeter.
Table 1 compares the dose rate determined by the calibrated Fricke C as a reference dosimeter

) with those deter-

mined by using the graphite, water, and polystyrene - water
calorimeters. These

results were

close agreement with the results

found to be

nearly in a
(4)
obtained previously
. A

similar comparison was also made previously for the

system

aDDlvina the ionization chamber

Table 1 Comparison
Radiation
Percentage
Water, and

of the Obtained Temperature Stability,
Sensitivity,
Measured Dose Rate and
Change With Fricke for the Graphite,
Polystyrene-Water Calorimeters.

Temperature Radi at ion measured
Stabilitv
Sensitivity dose rate
°C/min
O/Gy
Gy/sec
GraDhi te
Water
Polvstv.-Water
Fricke

0.00300
0.00283
0.00180

2.330
1.800
1.972

X shift
from
Fricke
0.010
0.060
0.003
O.000

0.2050
0.2200
0.2065
0.2072

CONCLUSION
A new polystyrene - water calorimeter was
which is proved to be
high accuracy

constructed,

capable for determining g—dose, with

at a very low temperature leakage

reasonably short time

rate.

in

period, i.e. 3-4 hrs < including its

set-up, measurements and analysis ) . The

result

with

the

proposed polystyrene — water calorimeter agrees to 0.003
with a

result obtained

applying the

well known

standard

Fricke dosimeter.
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LIGHTNING PROTECTION
TECHNIQUES AND APPLIED CODES &
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ABSTRACT
Lightning is the only natural disaster that protection against it is highly
effective.Thus for the safety of critical installation, specifically nuclear, an
effective lightning protection system (LPs) is required . The design and
installation of LPS's have been addressed by many national codes and
standards in many countries .
In this paper the various LPS's have been discussed and compared ,
including radioactive air terminals , ionizing air terminals and terminals
equipped with electrical trigging devices . Also the so - called dissipation
array systems are discussed and compared . Moreover, The available codes
and standards related to lightning protection systems are presented. Codes
and standards issued from different authorities such as National Fire
Protection Association (NFPA) 780(1), lightning protection Institute (LPI)(2),
underwriters laboratories (UL)(3) (USA) and also those given by both the
British Standards (BS 6651)(4) and the German Standards (DIN 57, 185
parti / VDE 0185 part 1.2)(5) are reviewed .
Finally , the possibility of developing an Egyptian National Standard is
discussed .
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INTRODUCTION
In the last few years Egypt suffered from the effect of some natural
disasters such as flows, earthquakes and lightning . Since lightning is one
of these disasters where protection systems could be made, therefore
many industrial sectors whose activities are sensitive and need high degree
of safety began to think in establishing lightning protection system (LPS).
Such sectors include petroleum , chemical and military industries. Since
LPS are not familiar in Egyptian industries and there is no Egyptian
standard for lightning protection (LP) . This paper has been prepared in
order to present and discuss the different LPS codes and standards and
methods taking into consideration to facilitate to specialists their duty in
preparing LPS specifications while bearing in mind a final goal, that is, to
develop an Egyptian code .

DATA NEEDED FOR LPS DESIGN
In many Cases , it is obvious that some form of protection is required.
High risk structures as nuclear systems (eg nuclear power stations ,
laboratory, ... etc.) ,oil refineries ,explosives factories , ... etc. will require
lightning protection system . In other cases the need for protection is not
evident.
The codes provide a simple mathematical overall risk factor analysis
for assessing whether a structure needs protection . All the Codes Suggest
that an acceptable lightning strike risk factor is 10"5 per year i.e one in
100,000 per year, therefore, having applied the mathematical analysis to
a practical set of parameters,the scheme designer will achieve a numerical
solution These parameters which should be considered for determining an
overall risk factor can be summarised as follows :
1) The geographical location of the structure which means , the average
lightning flash density or the number of flashes striking an area of one
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square kilometer per year .,
2) The effective Collection area of a structure i.e the plan area projected in
all directions taking account of the structure's height.,
3) The intended use of the structure (i-e factory, hospital , ...etc.).,
4) The type of construction (metallic , concrete , timber.... etc).,
5) What is housed within the structure ? (degree of hazardous).,
6) The Location of the structure , Is it located in a large town or forest or
on an isolated hillside ?
7) The Topography of the Country .

LIGHTNING PREVENTION DEVICES
Franklin Rod
Nearly two and a half centuries ago , Benjamin Franklin speculated that
sharply pointed lightning rods would " draw off the electric fire " from storm
clouds and prevent lightning from striking to earth, It was not long ,
however, that scientists modified his opinion, suggesting that if lightning
rods failed to forestall a lightning strike ,they would at least take the electric
fire into themselves and thus save a targeted building . While history is
vague about Franklin's later conclusions , it seems likely that he eventually
discarded the lightning prevention theory altogether in favor of the lightning
capture and grounding functions that he had presumed and then observed .

Radioactive Lightning Rods

Radioactivity is a natural process by which atoms emit atomic particles
and rays of high energy. These devices continuously produce upward
moving emission currents as the radioactive isotopes decay . the rate of
decay varies according to the type of radioactive material employed. Decay
time periods range from seconds to hundreds of years depending up on the
nature's of the used isotopes
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Lightning Dissipation Arrays

These systems consist of hundreds of sharp metal points ." dissipation
arrays " have recently been proposed as being effective in preventing
lightning frori striking a structure equipped with a multiplicity of sharp
points .

Pulsing Lightning Rods

These devices apply a pulsed high voltage to an air terminals tip which give
positive ground currents going upward meeting descending negative leader
strokes .

SYSTEM DESIGN
It is logic to assume that a lightning strike terminates on the ground (or on
structures) at the point where the upward streamer was originally launched.
These streamers are launched at points of greatest electric field intensity and
can move in any direction towards the approaching downward leader .
The position of the greatest field intensity on the ground and on the
structures will be at those points nearest to the end of the downward leader
prior to the last step .The distance of the last step is termed the striking
distance .This striking distance can be represented by a sphere with a
radious equal to 50 meters, approxmatly (150 feet).
The principle components of a lightning protection system should comprise
the following :

1. Air terminals network
The codes introduce the concept of air termination network on
the roof of buildings to act as receiving point.,
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2. Down conductors
The function of a down conductor is to provide a low impedance
path from the air termination network to the earth termination
network to low the lightning current to be safely conducted to
earth .,
3. Earth termination network.,
4. Bonding to prevent side flashing .

THE NEED FOR CODES
The scops of the codes are mainly to cover the requirements needed for
the components and installation of lightning protection systems . These
requirements are essential to determine the characteristics of components
and materials to avoid the risk of fire , electric shock or injury to person . In
general , the materials of the components of lightning protection system shall
be made of materials that are resistant to corrosion or shall be acceptably
protected against corrosion (eg copper,copper alloy & aluminum ) . All
components must be certified by an approved testing authority as Under
Writers laboratory (UL) , Factory Mlitual (FM) from united state or
BASEEFA from United kingdom ,.... etc.

COMPARISON OF CODES
The purpose of the codes in general is the practical safeguarding of
persons and property from hazards arising from exposure to lightning . All
the components shall be used for lightning protection must be approved by
the authority having jurisdiction . The codes specify the faraday cage (FC)
technique which depends on the ordinary air terminals , down-conductors
and earthing .
Now, Many manufacturers produces other kinds of air terminals such as
air terminals with radioactive materials which is called ESE (Early Streamer
Emission) . Many studies concerning the effectiveness of the ESE System
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have been published .,) Such studies include the NIST study, New Mexico
IMT Institute study and GIGRE study , These studies concluded that ESE
system is not more effective than the normal FC . But the paper which is
recommended and approved by the IEEE and published in May 27, 1988
and titled " An Experimental study of Ionizing Air Terminal Performance ")
conclude that the area protected by the ionizing air terminal is appreciably
larger than that of the non- ionizing terminals and more effective protection
especially that terminals using Radium sources rather than other sources
because of higher specific activity .
There are other kinds of preventors which are manufactured and used in
many places, were not specified in the above mentioned codes The codes
give the instillation requirements for LP systems, the maintenance and
testing procedures
There are only minor differences between the codes such as applying the
theory of cone- protection only or with the other theory of protection wliich
is called the rolling sphere protection .

Development Of The An Egyptian Code
As the lightning phenomena in Egypt became detrimental due to industrial
activities gross and its spreading all over the Egyptian territories, there is an
urgent need nowadays for an Egyptian code to regulate the supply , erection
and testing of such a systems . In the authors opinion the Egyptian code
articles may be based on already approved national codes of other countries
taking into CDiisideration the developed technologies appearing all around
the world.
Also a certifying well equipped governamental authority such as the
Egyptian Atomic Energy Authority may be given the role . of refree for
materials supply , testing , and certification .

CONCLUSION
Due to many kinds of preventors used now for lightning protection therefore
we must have regulation to determine our needs . from the above disscusion
it is obvious that no big difference between the American, British & Gentian
standards . We can in Egypt develop our standards taking into consideration
the new technology of lightning protection systems.
The main points for the requirments needed in standards or regulations to
be considered in a lightning protection system must be :
1 - Material specification is of vital importance to design and install a
reliable lightning protection system . The choice of materials and the
installation method should ensure a satisfactory life span of at least 30
years.
2 - All the components of lightning protection system must be adopted to
specified code or standards and approved by authorised establishment.
3 - The lightning protection system should provide a low electrical
resistance path to earth and have the ability to carry high currents
repeatdly over the life time of the installation .
4 - Secure and robust fixings are essential .
5 - The requirements for inspecting the lightning protection
system, the testing required and detailed records that should be
maintained during the service life of the system must be regarded as
obligatory .
6- All metal work on or around a stucrure must be bonded to the
lightning protection system to avoid side flashes .
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ABSTRACT

Three doses of gamma radiation (40 , 60 , 80 Gy) were applied to pupae
of Culex pipiens L. A control group was treated similarly except for
irradiation. Newly emerged non-fed adults were assayed for carbohydrate,
lipid and protein contents in the whole body after three periods (24 , 48
and 72 hours) post emergence.

The carbohydrate content of both sexes was decreased significantly at
lower doses of radiation. However, at 80 Gy the males showed significant
increase, while females showed significant decrease. Carbohydrates in
both sexes were decreased with increasing the time elapsed after
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emergence. However, in females, carbohydrates were increased after 72
hours, at all doses tested, compared to control.

The lipid content was reduced significantly with increasing the gamma
dose in both sexes. This content was also decreased significantly with time
at all doses tested and in the controls.

Irradiation decreased significantly protein content in the male whole
body after 48 hours especially at higher doses.

The reduction in female protein content at 80 Gy was very highly
significant compared to control after 48 hours post-emergence. Gamma
irradiation with high doses reduced protein content in testes and ovaries.

INTRODUCTION

Culex pipiens L. is one of the dangerous mosquito species transmitting
filariasis and Rift Valley

fever(1-2). Extensive use of insecticides for

mosquito control developed resistance in mosquito for these insecticides.
Sterile insect technique (SIT) proved to be a unique and an indensipensible
tool in controlling insects because it is a non-polluting method of insect
control and eradication(3). The adverse effects of gamma irradiation have
been reported in C. pipiens^'5\ In the present work the adverse effect of
gamma irradiation was studied biochemically in C. pipiens in a trial to
explain

some

biological observations when mosquito pupae were

irradiated with 40 , 60 and 80 Gy of gamma-radiation.
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MATERIAL AND METHODS

Rearing Technique :
Mosquito larvae were collected from Abou Hashesh, Kalioubia
Governorate and were kept in lab. conditions (25°C ± 2°C) and relative
humidity (70-80%) during all developmental stages. The rearing technique
was followed mainly according to Abdel-Malek and Ahmed(6).

Irradiation Technique :
1-day old pupae were irradiated at the doses 40 , 60 , and 80 Gy with the
use of gamma cell having a dose rate of 11.53 rad/sec. The effect of
gamma irradiation on the ability of adults to utilize the food reserves
(carbohydrate , lipids and protein) accumulated during larval feeding was
studied in the whole body tissue of adult mosquito. Total protein content of
gonads in sugar-fed males and females in addition to blood-fed females
was also detected.

Estimation of total carbohydrates and lipids :
C. pipierts were irradiated as 1-day old pupae with three different doses
of gamma irradiation in addition to a control group that did not receive any
irradiation. At different periods of time (14 , 48 and 72 h.) post adult
emergence, carbohydrates and lipids were estimated in the whole body
tissue of the mosquito according to the method of Van Handel(7l8).
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Estimation of Protein :
Total protein content was estimated in irradiated adults. The mosquito
adults

were divided into 3 groups, The 1st group was fed 1% sugar

solution and total protein content in individual mosquito whole body tissue
was estimated. The 2nd group was also fed 1% sugar solution and adults at
24 and 48 h. post emergence were anaesthetized with ether and dissected
with the aid of stereoscopic microscope in Ringer's invertebrate solution
and their gonads were isolated. A pool of five pairs of testes or ovaries was
used to estimate total protein in them. The 3rd group comprised the
inseminated blood fed females which were used to investigate the effect of
gamma irradiation on their utilization of a blood meal and production of
egg yolk protein. At 24 , 48 and 72 h. post blood meal, females were
dissected and their gonads were isolated. Each one pair of the ovaries was
homogenized to estimate total protein content according to the method of
Lawry et_. a/(9\,

RESULTS AND DISCUSSION

Fig.(l) shows that at 24 h. gamma irradiation at doses 40 and 60 Gy
insignificantly decreased carbohydrate content in non-fed male C. pipiens
when compared with control. However, at 48 h. gamma irradiation
significantly

decreased (p < 0.001) this content. On the other hand, 80 Gy

led to a very highly significant increase (p < 0.001) carbohydrates at 48
and 72 h. It is worthy to mention that the obtained data revealed that there
was an increase in percentage of carbohydrate utilization at 24-48 h.
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followed by a decrease in utilization during the next period (48-72 h.),
after the application of 40 and 60 Gy.

Fig.(2)

demonstrates

carbohydrate

the

content of

effect of gamma irradiation

on the

non-fed female C. pipiens when the three

different doses of gamma irradiation were applied.

A significant reduction (p < 0.001) in carbohydrate content after 24 and
48 h. was observed for all doses used. However, after 72 h. the effect of
gamma irradiation was noticed when an increase of total carbohydrate
content took place for all doses used. Eighty Gy led to a reduction in
carbohydrate percent utilization of non-fed female C. pipiens reaching a
value of 14.1% compared to 89.9% in case of control group.

Fig. 3 depicts the lipid content of male non-fed mosquito after gamma
irradiation. Applying 60 and 80 Gy significantly reduced (p < 0.001) lipid
content after different periods of time post adult emergence.

The elapsed time post emergence had a clear impact on lipid content
when it decreased from 98.7 |ig/ o to 51.3 (ig/ o at 72 h. Similarly, a very
high significant reduction (p < 0.001) in lipid content and its utilization by
insect was also observed due to the increase of the gamma dose in non-fed
female mosquito when all treated groups were compared with the control.
The data indicated that percent utilization in the control non-fed female
mosquito was 58.54% for the female after 72 h. compared to 18.37% when
80 Gy was applied (Fig. 4).
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A decrease in carbohydrate content was observed by Shivaji'10' who
irradiated both sex of adult Periplaneta americana with X-ray. The present
results also came in accordance with the results obtained bySouka""
where she recorded a decrease in total carbohydrate content by increase of
doses applied to Spodoptra littoralis. However, she recorded an increase in
the lipid content. This discrepancy between the results obtained in this
investigation
differences

and those revealed by Souka(!l) may be attributed to the
in insect species or orders. For example, Diptera and

Hymenoptra oxidize carbohydrate as the major source of energy whereas
orders of lepidoptera and Orthoptera utilize lipids"2'. Interesting enough to
find that the lowering down of the nutrients level under stress conditions
was also reported by Mandel and Cahundhuri(!?) in their work with rice
moth Corcxra cephalanica St. were they found low levels of carbohydrate
and lipids after exposing moth to pyrethrum. The results of the present
study indicate a clear evidence of the effect of gamma irradiation on the
total content of carbohydrate and lipids. Similar results were recorded by
Bursell (l4l5) and Sacktor"6171 who stated that these nutrients are the major
source of energy and a respiratory fuels to supply energy for flight.

The effect of irradiation on total protein content in the individual whole
body tissue extract of sugar-fed male and female mosquito was detected
after 24 and 48 h. poemergence and are illustrated in Figures 5 and 6.

The protein content of irradiated male after 24 h. was not clearly
affected by difference doses of gamma irradiation

and after 48 h. an

insignificant decrease wasobserved. Eighty Gy led to the seize of protein

40

60

80

Gamma doses (GY)
24 h. &J48h.
»n?«| ? r
, f r r ? d i a l i o n a t l h r e e d « e S on total protein
content In the wlrole body tissue ol sugar led male
Lpipiens irradiated as one-day old pupae.
200
O

180

-160
| 140
o
^ 120
£ 100
80
60
40
20
0
40

60

Gamma doses (GY)

24 h.
Fig. 6 :Effect of gamma irradiation at three doses on total protein
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accumulation (Fig.5) Moreover, the protein content in sugar-fed female
mosquito was very highly significantly reduced (p < 0.001) compared with
control after 48 h. post emergence

(Fig.6) and the rate of protein

accumulation in the treated groups decreased sharply than those of the
control when the 3 doses of gamma irradiation were applied.

Fig. (7) shows that in the male gonads the amount of protein remained
more or less constant. Using 40 Gy a stimulant dose , led to the stimulation
of protein synthesis and increased its amount in the gonads. However,
doses of 60 and 80 Gy caused a reduction in the protein. It seems likely
that, the protein does not tend to accumulate in the male testis at different
period of time between 24 and 48 h. It was also noticed that the protein of
male gonads was affected by irradiation like that of Heliothis virescens
when it was exposed to fluctuating temperature"81. The reduction in the
whole protein content of male C. pipiens in this study was associated with
a decrease in the protein of testis especially when the higher doses were
applied. Moreover , sterility showed to be affected by irradiation when it
increased with the decrease of protein content of gonads"9'.

Fig. (8) illustrates the protein content of the ovaries of sugar-fed female
mosquito. A very highly significant reduction (p < 0.001) in the protein
content of the ovaries was observed due to gamma irradiation. This
reduction was time independent where the control and the treated group
showed the same amount of protein at different periods of time. Moreover,
ovaries of female C. pipiens fed on a blood meal showed a very highly
significant reduction (p < 0.001) in their protein content after the
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application of the higher doses of gamma irradiation (80 Gy), where, this
dose quenched protein accumulation and even stopped it (Fig. 9). From
this investigation it seems likely that gamma irradiation leads to a decrease
in total protein content of the insect associated with a decrease in protein
content of the testis and ovaries'l9).

Lang(20) reported a decrease in protein content of both male and female
C. pipiens exposed to different temperatures. Despite the physiological and
biochemical

differences among different insects a decrease in protein

content was recorded in several insect species irradiated at different life
stages. Rao el gf2l) recorded a decrease in protein content of midgut of
adult male Schistocerca gregaha. Abdel-Salam(22) found that the total
soluble protein of Ephestia kuhnilla was reduced when irradiated at larval
stage. The obtained results came concomitant with the results obtained by
Fadel'21' who worked on Cerotitis capitata (Wied) irradiated at the larval
stage. Contrary to the results obtained in this study Haiba(24) reported that
irradiation of pupae induced an increase in female Phthorimaea operculla
(Zeller).

It could be concluded that, as total carbohydrate content in C. pipiens
increased at 80 Gy of gamma irradiation it seems that males could not
transfer their accumulated carbohydrate into energy reflected as failure in
competition with normal male for mating with normal females.Moreover,
the male protein content decreased by the increase of gamma doses which
was shown biologically as a decrease in fertility. Therefore, the reduction
in the male protein content may explain the reduced male mating
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frequency and insemination. The fecundity and ovaries development
decreased with increase of gamma irradiation doses which was hand in
hand with the decrease in protein content of the female follicles irradiated
at high dosesM9).
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ABSTRACT

Pupae of the mosquito , Culex pipiens L. were gamma-irradiated with 3
doses (40 , 60 . 80 Gy) and compared with a non-irradiated group for
nucleic acids in the newly emerged adults; 24 , 48 and 72 hours postemergence. Nucleic acids were estimated in starved adults or blood-fed
females.

The results showed that RNA content in the normal or irradiated unfed
males or females decreased with time after emergence. Irradiation with
different doses decreased RNA content in males after

252

48 and 72

hours. However, in females, irradiation with low doses had no effect after
24 hours but the effect was clear after 48 and 72 hours.

Gamma irradiation led to a decreased RNA content of females after 72
hours post feeding on blood meal. This decrease was insignificant at 40 Gy
but highly significant at 60 and 80 Gy.

Normal males had a constant DNA content at all periods. However,
irradiation reduced this content at 40 and 60 Gy , especially after 72 hours.
At 80 Gy DNA showed an increase at first then was reduced reaching the
control value after 72 hours. Irradiation and time slightly reduced the DNA
content , especially at 72 hours. Irradiation with 60 and 80 Gy showed a
pronounced increase in DNA content in the blood-fed females 72 hours
post feeding.

The RNA / DNA ratio was decreased by irradiation of non-fed males
and females , while in the control blood -fed females, this ratio was higher
after 72 hours post

feeding than that in unfed ones. The ratio was

decreased in irradiated females with increasing the gamma dose after 72
hours post feeding.

253

INTRODUCTION

The RNA content can be considered as an index for the capacity of the
organism for protein synthesis and the DNA content as an estimate of cell
number

(l)

. The RNA / DNA ratio could be uses as an index of the protein

synthesis capacity per cell <2) .

Effect of gamma irradiation on nucleic acids (N.A.) of different insects
were

reported by several authors; Passonneau

(3)

on Melanophlus

differentials , Lassota (4 ' 5) on Bomby , mori, Styer et al{6)., on Indian meal
moth, and El-Shall(7) on Spodotera littoralis.

In the present study , the adverse effects of gamma irradiation on nucleic
acids were investigated in a trial to determine the relationship between the
(N.A.) level on the whole body of irradiated Culex pipiens and the amount
of the accumulated protein . This may explain the low fertility of females
irradiated with high doses of gamma radiation

MATERIAL AND METHOD

The rearing technique of mosquitoes and irradiation procedure used
described by Shoman'8'

Adults irradiated at pupal stage. The newly emerged adults were divided
into two groups. Adults of 1st group were starved and taken at 24 , 48 , 72
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hours post-emergence to estimate the nucleic acid content in the whole
body of both males and females.

The 2nd group of adults were fed blood meal and left for 3 days after
feeding , then they were taken to determine the nucleic acid content in the
whole body extracts of females.
Nucleic acids (RNA & DNA) were extracted according to Schneider'9'.
The Dishe's modified

method described by Burton(l0) was used : to

determine the DNA.

Ribonucleic acid (RNA) was estimated by the orcinol reagent method
according to Mejbaurn(ll)

RESULTS AND DISCUSSION

The data presented in Figs. 1 and 2 indicate a decrease in RNA content
in the normal or irradiated non-fed males or females with time post
emergence. The magnitude of effect of irradiation varied according to the
applied doses and sex. The effect of irradiation was more pronounced as
the dose increased and

the amount of RNA decreased . The highest

reduction of RNA content was observed at 60 and 80 Gy doses.
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The data also revealed that, sex had a clear role in the radiosensitivity of
RNA where males of C. pipiens proved to be more sensitive to irradiation
than females under the present experimental conditions.

RNA content can be used as a measure for the potential rate of protein
synthesis'" . Moreover, Chaubey and Bhatt"2'reported that, a significant
and continuous increase in RNA content in the eggs of Corcyra
cephalonico indicated that during this period (6 to 36 hours), active protein
synthesis

as well as transcription of genetic material occurs, such an

increase in these processes seems to be necessary for synthesizing a
number of tissues and organ-specific new proteins to fulfill the demand of
the developing embryo.

In the present investigation , DNA of control male C. pipiens showed
almost the same amount during different periods (Fig. 3). The effect of
gamma irradiation

was obvious and the effect of time lapse post

emergence under the different tested doses was trivial. The DNA content
of non-fed female C. pipiens was slightly reduced by time and gamma
irradiation when compared with the control (Fig. 4).

Variations among the nucleic acids of different insects were reported by
several authors. For example , Passonneau'3' reported that, X-ray caused
an inhibition of nucleic acids synthesis in egg of Melanoplus differentialis.
Lossota'4' stated that irradiation of diapusing eggs of Bombyx man with 20
Krad of gamma rays inhibited RNA synthesis by 20% than normally
gastrulating eggs. The same author'5' found that low doses of gamma rays
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delayed and damaged the synthesis of DNA and induced the breakdown of
RNA in the diapause eggs of Bomby.x mori. Styer e/o/ ( 6 ) ., stated that
ultraviolet irradiation decreased the amount of thymidine incorporated
after exposure of cells derived from imaginal wing discs of Indian meal
moths.

In the present investigation, non-fed males showed to be more
radiosensitive than non-fed females where nucleic acids (RNA and DNA)
of male were more suppressed by irradiation. Generally, the decrease in the
amount of

both nucleic acids was observed by different authors, n'

l3)

.

Moreover, sex, doses and species played an important role in the
sensitivity of nucleic acids to gamma irradiation. Abdel-Salam(l3) deduced
that RNA of female Ephestia kuehniella was more radiosensitive while
gamma irr
Shall(7) mentioned that, RNA and DNA of female Spodoptera Uttoralis
were more radiosensitive than that of the males. These results do not agree
with ours in connection with the (N.A.) radiosensitivity in both sexes.

The DNA content of female fed on a blood meal (after 72 hours post
blood meal), showed a gradual increase in their contents with the increase
of the applied dose. On the other hand, the levels of RNA content declined
gradually with the increase of the applied gamma doses (Fig. 5).
According to Van Handel"4'most mosquitoe species egg production is
started

by a blood meal (anautogenous development). This blood

dependent synthesis (egg protein production) was controlled by a hormone
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from the brain and another from the ovaries (Hagedorn"'5'). Vitellogenesis,
the process of yolk protein synthesis and deposition is an attractive system
to explain the role of the hormonal regulation of gene expression, as it
involves the production of large amount of specific m-RNA and
polypeptides in response to a hormonal signal (Gemmill et a/(l6).,) .
Interesting

enough, is that, there was a good correlation between the

decrease in RNA content and increase in the DNA of the whole body of
irradiated C. pipiens mosquito female after 72 hours post blood meal, on
one hand, and the reduction of protein content in the ovaries on the other
hand. This point of view is supported by Engelmann"7' and Clements and
Boocock(l8>, they reported on the accumulation of protein in vitellogenesis
and developing follicles and hence the control of egg production.

In the present investigation, female C. pipiens fed on the blood meal
showed a different pattern of radiosensitivity where a steady decline in
RNA was observed accompanied by a sharp increase in the DNA. One
possible explanation is that the increase in DNA level may be due to its
rapid replication in order to cope with the rising number of cells for
developing

(l2)

.

The increase of DNA could possibly be a way for insect to recover from
the deleterious effect of irradiation which leads to the damage of somatic
cells beside the gonads cells.
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RNA/DNA ratio can be regarded as an index of protein

synthesis

capacity in cell"2'. Therefore in order to study the protein synthesis
capacity for cell, the RNA / DNA ratio should be calculated.

The obtained data from this study revealed that, gamma irradiation led
to a decrease in the RNA / DNA ratio for non-fed males and females (Figs.
6, 7 and 8). On the other hand, the normal female mosquito fed a blood
meal showed a higher RNA / DNA ratio after 72 hours post feeding than
non-fed mosquitoes, indicating a higher concentration

of protein'0.

However, in the present work , gamma irradiation led to a decline in the
RNA / DNA ratio in blood fed females.

From the above mentioned results it can be seen that, RNA / DNA ratio
decreased with increasing both time post emergence and gamma irradiation
dose . This may explain the decline in protein contents in irradiated
mosquitoes especially at higher doses'81.
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ABSTRACT

The mosquito , Culex pipiens L. was irradiated in the pupal stage with
three gamma doses (40, 60 and 80 Gy). The effect of irradiation on the
biology and ovarian development of the adult stage were assayed in
comparison with non-irradiated group (control).

The results showed that gamma doses used decreased significantly adult
emergence and increased malformations , while sex ratio was not affected.

Fecundity of irradiated females was severely affected by 40 and 60 Gy ,
while 80 Gy produced infecund females. Egg hatchability was severely
affected when males were irradiated at all doses.
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Gamma doses used decreased the number of ovarioles that reached the
5th stage of Christophers cycle. These ovarioles failed to produce mature
eggs normally. The size of irradiated female ovary was decreased both in
length and in width at all doses used especially at 80 Gy where the ovarian
development was completely stopped on the first day of feeding.

INTRODUCTION

Culex pipiens L. is one of the most dangerous mosquito species
transmitting filariasis

(l)

The control of this insect was mainly by using

chemical insecticides. However , due to the fact that mosquitoes had
developed a high degree of resistance to most of the insecticides used , the
sterile insect technique (SIT) was one of the suggested control methods'2'
In the present work , the adverse biological effects of gamma radiation
on the insect were investigated in terms of adult emergence, female
fecundity and male sterility beside the effects on the ovaries and ovarioles.

MATERIAL AND METHODS
A) Maintenance of Culture
The first culture was collected from the field as larvae which was then
maintained

in

the

Entomology

laboratories

of the Radiobiology

Department , NRC , Atomic Energy Authority , and the Middle Eastern

>66

Regional Radioisotope Centre for the Arab countries , Dokki , Giza. The
methods described by Abdel-Malek and Ahmed

0)

for larval and adult

rearing were followed.
B) Irradiation
Irradiation was achieved using the gamma cell installed in the Middle
Eastern Regional Radioisotope Centre , with a dose rate of 0.12 Gy/sec.
Three doses of gamma radiation (40 , 60 and 80 Gy) were applied to the
full-grown pupae.

C) Experimental Methods
1. Adult emergence , sex ratio and adult malformation
Four lots of one-day old pupae were collected . Three lots were
irradiated with 40 , 60 and 80 Gy and the fourth was used as control .
Numbers of emerging adults , sex ratio and dead or malformed adults were
recorded.

2. Fecundity and fertility
In these experiments adults used were previously irradiated with 40,
60 and 80 Gray. Equal numbers of previously isolated males and virgin
females of newly emerged adults were caged together and three mating
combinations were made :
i. Normal males x Normal females
ii. Irradiated males x Normal females
iii. Normal males x Irradiated females
For each combination , the newly emerged adults were caged in a rearing
cage and offered 10% sugar solution. The 2nd day after
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emergence

they

were offered blood meal. Blood fed females were isolated individually in
plastic vials (3 cm in diameter and 8 cm in depth.) half-filled with
dechlorinated tap water and covered with muslin. Each plastic vial was
provided with a cotton piece soaked with 10% sugar solution. Blood-fed
females were left for ten days for laying-eggs. Each vial was examined
daily to record the date of eggs laid. Each egg raft was examined after 48
hours to record the number of eggs laid and the percentage hatchability. At
the end of the ten days, blood fed females which laid eggs and those which
did not lay eggs were dissected in saline solution with the aid of a
stereoscopic microscope to expose their spermathecae which were pressed
by the cover-slide to investigate the presence or absence of sperms in
them. The fed and not inseminated females were excluded from data. To
examine the egg rafts, a drop of xylene was added to the egg raft to make it
loose and easily examined. The eggs in each egg raft and the number of
hatched eggs were recorded.

3. Ovarian development:
This experiment was carried out to investigate the effects of
irradiation on the degree of ovarian development. The same mating
combinations and procedure of the fecundity and fertility experiments
were followed. The ovaries were isolated according to Clements and
Boocock(4) by tearing the soft cuticle between the fifth sixth abdominal
sternites , pulling off and placing the terminal segments in a drop of saline
solution, and removing other internal organs. The ovarioles were freed by
slitting carefully the ovarian sheath with fine pins. The ovarioles were
examined under a cover slip without compression.
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To determine the stages of ovarian development in tested Culex prpiens
individuals , the key devised by Christopher {S) was followed.

4. Biometrical measurements of gonads :
The adults used were previously irradiated at the pupal stage with 40 .
60 and 80 Gray. Inseminated females were offered blood meal , isolated
and dissected in Ringer's Invertebrate solution , at 24 , 48 or 72 hours after
blood meal for measuring the size of the ovary as a monitor for the yolk
that was deposited in oocytes. The maximum

width and length of each

ovary was measured by using a microscopic micrometer.

D) Statistical analysis :
Results obtained were subjected to statistical analysis by using analysis
of variance (F and t tests) to determine significant differences between
and/or within variables according to Robert (6). When "F" value was
significant , least significant difference (L.S.D.) was calculated to separate
between means.

RESULTS AND DISCUSSION
The effect of gamma irradiation on the percent of pupal mortality in the
present work

was highly significant (p < 0.01). there was a gradual

increase in the percent of dead pupae with the increase of dose.
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The percent of malformed pupae also increased with increasing gamma
irradiation doses. Apparently as the percent of emergence decreased , the
percentages of dead pupae increased , that was associated with an increase
in the percent of malformed pupae (Fig. 1 and 2).

These results are in agreement with those of Abdel-Malek and
Ahmed(7l8) and Hafez <9) working on the same species.

The data also show that , gamma irradiation decreased drastically the
percent

of inseminated females laying eggs when irradiated as pupae

(Fig. 3).

Moreover , the egg production of irradiated femles was reduced by the
increase of the dose until it was seized by applying 80 Gy. (Fig. 4). On the
other hand , data referring to the eggs produced from normal females that
was mated with irradiated males was almost unaltered. The difference in
egg production between the two mating combinations was significant,
indicating the influence of female irradiation as pupae on egg production.
The results of fecundity(egg production from the present investigation
came in accordance with earlier studies by Abdel-Malek and Ahmed
and Abdel-Malek et al-><9),

on

Anopheles pharoensis; Abdel-Malek and

Abdel-Rahman(l0), on Aedes caspius and Ali and Rozeboom(ll) , on
Anopheles albimanus. All of the above mentioned authors reported that,
egg production of treated females was greatly reduced after using multiple
doses of gamma irradiation.
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The sterility of male C. pipiens was determined from the percent
hatchability of eggs produced from the two different combinations (N (3*x I

Egg hatchability was severely affected when the mosquito was irradiated
as pupae at all doses (Fig. 5). The reduction in percent of hatched eggs was
very highly significant (p < 0.001) due to the effect of irradiation. The
decrease in hatchability was independent on the mating combination
during the set up regimen. Most of workers investigating the effect of
irradiation on insect sterility(5,12,13,14) came to the conclusion that,
irradiation resulted in reduction of hatched eggs. This finding agreed with
that obtained from the present work. Screening of the available literature
indicated that only little, if any, is known about the effect of irradiation on
the ovarian development of C. pipiens. thus the V stage of Christophers
was taken as a tool to identify the degree of ovarian development in blood
fed and inseminated females. The present study , showed that gamma
irradiation of females as pupae decreased the number of ovarioles reaching
the V stage of Christophers cycle. Also the development of ovarioles
depended mainly on the irradiation of females and not on the irradiation of
males, in the present study, the number of ovarioles reaching the V stage
and could produce mature eggs was decreased drastically at all examined
doses (Fig. 6). On the other hand , when male pupae of C. pipiens were
irradiated with different doses and caged with normal females no apparent
reduction in the number of ovarioles reaching V stage and laid mature eggs
was observed. When the percent of hatchability from mature laid eggs was
compared at (I (/* x

N p) and (N (£x I £ ) , it was found that irradiation
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reduced the percent of hatchability irrelevant to whether the (?or the Q was
irradiated (by 40 or 60 Gy) at the current combination. Moreover, 80 Gy
led to seizing of the ovarian development when normal male was mated
with irradiated female, and to reduction of egg hatchability (4.68%) when
irradiated male mated with normal female.

The size of irradiated female ovary was decreased in length and in width
at all the doses used , especially , at 80 Gy where ovarian development was
completely stopped after the first day of feeding (Fig. 7 and 8).
Generally , the insect ovaries grow in size with time. However, the rate of
this growth (in length and width) in treated C. pipiens was less than that
for control.

After 72 hours , the most deleterious effect of the irradiation was
observed , when 80 Gy was applied. The reduction in the length and width
of the ovaries was maximum , compared to control (Fig. 7 and 8).

During the set up regimen (24 , 48 and 72 hours) post feeding on blood
meal , the gamma irradiation (80 Gy) prevented the development of the
oogenesis and thus causing degeneration and atrophy of female gonads.
However , a steady and continuous recovery in size of gonads was
observed during the same periods of time when the lower two doses were
applied (Fig. 7 and 8).

The development of ovaries is mainly accompanied by the accumulation
of yolk in the follicles , the size of ovaries is enlarged leading to rise in the
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egg production (fecundity). A deviation

from this pattern could be

assumed as a sign of vitellogenesis inhibition"5'.

Results obtained from the present investigation are in agreement with
that obtained by Shehata"6

l7)

and Shoukry et. al (18) .
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ABSTRACT
This investigation was carried out during two seasons at the
experimental farm, Nuclear Research Center Atomic Energy Authority at
Inchas, for evaluation of some irradiated populations in M4 and M5
generations. Seeds of the M3 selected plants for each dose (40, 80, 120,
and 160 Gy) were divided into three parts and sowing in three dates of
planting to produce the M4 generation. The same trend of sowing dates
was also applied in the second season to produce the M5 generation.
The obtained results could be summarized as follows :
1. Low doses (40 and 80 Gy) of gamma rays caused significant
increases in plant height, stem diameter,head diameter, head weight, and
seed weight/plant. In contrast, the two doses had no any significant
differences for number of rows/head and sterility zone/head as compared
with the respective controls in M4 and M5 generations for all dates of
sowing. High dose (160 Gy) of gamma ray caused a significant decrease
in plant height in M4 and M5 generations at the all dates of sowing
2. The obtained data illustrated that the yield characteristics were
increased at the date of sowing on 11/4 compared to the other sowing
dates. Meanwhile, the late of sowing date in summer season was better
than the sowing date in winter season.
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INTRODUCTION
Sunflower (Helianthus

annus L.) is one of the most important oil

crops in the world today. Its cultivated area in the world is estimated by
15.3 millions hectare.
In Egypt, the shortage in local production of vegetable oils is an
acute problem, where the locol production represents about 20% of the
total consumption, However the area devoted to sunflower cultivation is
still very limited due to the strong competition with some other essential
major summer crop such as cotton, maize, rice.
It is well known that, sunflower seems to have a wide range of
adaptability to adverse climatic, soil and other growing conditions^ ' .
Also empirical studies showed that sunflower is very suitable crop in the
newly reclamated soils and has a potential for increasing oil production.
Therefore the purpose of this investigation was to evaluate of some
irradiated populations of sunflower in M4 and M5 generations under
different sowing dates.

MATERIALS AND METHODS
The materials used in this investigation of sunflower seeds (Giza 1
veriety) were irradiated by gamma ray doses, i.e. 0, 40, 80, 120, and 160
Gy and were sown during 1991 season to produce the Mj generation. The
bulcked seeds of each dose were sown during 1992 to release the M2
generation. During 1993 season the seeds of the M2 selected plants based
on high yield were blucked for each dose seperatly and sown to release
the M3 generation.
In this contributing paper, two filed experiments were carried out at
the experimental farm belonging to plant. Research Department,Nuclear
Research center, Atomic Energy Authourity during 1994 and 1995
seasons. The soil of this farm is sandy soil .
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In the first season (1994), the seeds of the M3 selected plants for
each irradiation dose were grown at three sowing dates on January 16,
April 11 and August 28 to release the M 4 generation.
In the second experimant (1995 season), the seeds of the M4
generation for each irradiation dose were grown at three sowing dates
also, on January 16, April 11 and July 5 to release the M 5 generation.
In the two seasons, randomized complete block design with four
replicates was used included 5 treatments (5 gamma ray doses) for each
sowing date. Each experimental plot included 6 rows, 3 meters length
and 60 cm width, the seeds were sown in hills 30 cm apart and the plants
were thinned to one plants per hill after 21 days of sowing. The plants
were fertilized with nitrogen fertilizer at rate of 60 kg N/Fad. (as
ammonium sulphate 20.5% N) and phosphorus fertilizer at a rate of 30
kg ?2 O^/fad. (as calcium superphosphate 15.5% P-? O5). The plants were
irrigated every a week.
At harvest, ten plants were taken at random to determine the
following characters:

plant height (cm), stem diameter (cm), head

diameter (cm), head weight (gm), seed yiled/plant (gm), shelling
percentage (seeds/head weight ratio), sterility zone/head (cm) number of
rows/head and seed index (100 seed weight).
All data were statistically analysed according t o ^ ' .

New L.S.D. at

5% level by(3) vvas used to compare between the treatment means of M 4
or M e generations.
RESULTS AND D1SCUSION
The mean values of growth characters (plant height, stem diameter
and head diameter) as well as seed yield and its components (number of
rows/head, seed index, head weight, sterility zane/head and shelling
percentages) are shown in Table (1) for M4 sunflower generation and in
Table (2) for M5 sunflower generation at different sowing dates.
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Table (1) : Mean values of growth and yield characters of M4 irradiated populations of sunflower at three sowing
dates during 1994 season.
Plant
hieght
(cm)
200.76
250.83
198.46
194.58
161.00

Stem
diameter
(cm)
1.60
1.90
1.61
1.62
1.62

Head
diameter
(cm)
13.20
20.75
20.60
17.00
13.80

No. of
rows /
head

Sterility
zone
(cm)

14.30
15.40
14.90
15.80
16.30

2.10
2.30
2.20
2.30
2.20

Head
weight
(g)
113 .33
135 .53
123 .84
90 .83
86. 42

201. 12

1.68

17. 07

15. 34

2. 22

22. 75

0. 30

3. 40

N. S.

220. 10
245. 20
240. 50
237. 10
190. 20

1.80
2.30
2.10
2.10
2.20

17.93
20.48
20.10
19.71
18.57

Means

226.6

2. 10

New L.S. D. 5 %

25.90

0.0
40
80
120
160

Sowing
dates

Gammaray doses
(Gy)

16 / 1

0.0
40
80
120
160

Means
ro
00

New L.S. D. 5 %
0.0
•40

11/4

28/8

80
120
160

Means
New L.S.D. 5%

Seed
yield /
head (g)

Shelling

67.80
71.11
70.38
52.91
52.40

59.82
52.47
56.83
58.25
60.633

Seed
index
(g)
6.02
9.30
8.50
8.10
8.00

109. 99

62. 93

57. 60

7. 98

N S.

15 .40

10. 10

N. S.

2. 10

20.46
22.40
21.25
21.00
21.00

2.00
2.20
1.96
1.70
1.25

129 .77
148 .32
147 .65
146 .16
136 .96

96. 67
116.42
114.36
114. 24
110. 21

74.49
87.49
77.45
78.16
80.47

7.47
8.98
8.77
8.37
7.98

19.36

21.22

1.82

141 .77

110. 38

79.61

8. 31

0. 50

2.50

N.S.

N.S.

18 .13

13. 80

N.S.

N S.

215.80
235.50
236.40
222.30
189.20

1.91
2.46
2.11
1.66
1.70

18.00
19.21
18.30
18.00
18.40

16.36
16.93
17.68
16.93
16.18

4.28
4.60
4.60
4.26
4.49

105.35
143.49
114.44
104.90
103.76

72.08
102.66
94.10
81.10
77.60

68.42
71.54
82.22
77.31
74.79

7.01
8.90
8.90
8.70
7.55

219.84

1.98

18.55

16.82

4.45

114.39

85.51

74.86

8.13

25.1

0.51

N.S.

N.S.

N.S.

26.40

10.30

6.80

N.S.

Table (2) : Mean values of growth and yield characters of M5 irradiated populations of sunflower at three sowing
dates during 1995 season.
Plant
hieght
(cm)
190.24
240.22
182.10
182.41
168.2
192. 63

Stem
diameter
(cm)
1.85
2.35
2.22
1.95
2.00

Head
diameter
(cm)
18.40
18.90
18.80
18.70
18.70

No. of
rows /
head
16.40
16.90
16.70
16.60
16.40

Sterility
zone
(cm)

2.07

18. 70

25 .4

0.50

230.20
270.30
260.40
240.20
200.10

Means

Sowing
dates

Gammaray doses
(Gy)

16 / 1

0.0
40
80
120
160

Seed
yield/
head (g)
77.80
90.20
88.70
70.20
70.40

Shelling

1.90
2.10
2.05
2.00
1.80

Head
weight
(g)
125.40
145.20
135.70
109.20
102.30

62.04
62.12
65.36
64.28
68.81

Seed
index
(g)
7.21
8.60
8.40
8.00
8.40

16.6

1. 97

123 .56

79.46

64.54

8. 12

N .S.

N.S.

N.S.

12 .40

7.40

N.S.

N.S.

1.75
2.30
2.14
2.13
2.10

18.83
20.90
20.03
20.10
19.66

20.10
20.40
20.40
20.20
20.20

2.00
2.20
2.20
2.11
2.10

133.50
158.77
167.47
159.38
153.77

87.20
124.60
114.18
111.48
110.72

65.31
78.48
68.18
69.95
72.00

7.50
9.00
8.90
8.50
8.00

240.24

2.08

19.90

20.26

2.12

154.58

109. 64

70 .78

8. 58

New L.S. D. 5 %

20.80

0.62

2.07

N.S.

N.S.

13.55

15. 10

N .S.

1.50

0.0
40
80
120
160

220.4
240.3
235.2
218.6
190.4

1.92
2.33
2.14
1.70
1.70

18.4
20.2
22.3
20.2
20.4

16.39
16.86
17.40
17.30
17.90

4.30
4.40
4.50
4.90
4.80

115.9
150.4
125.8
110.9
112.1

80.40
110.70
100.20
98.60
95.90

69.37
73.60
80.03
88.9
85.5

7.8
9.8
9.9
9.4
8.8

220.98

1.96

20.3

17. 17

4.58

123. 02

97.16

79.48

9.14

22.4

0.40

3.5

N. S.

N.S.

22 .4

12.4

9.8

N.S.

Means
New L.S .D. 5%
IV)
(V)

11/4

5/7

0.0
40
80
120
160

Means
New L.S .D. 5%

I. Growth characters :
The data show that plant heigh, stem diameter and head diamter
were significantly affected by irradiation doses either for M4 or M5
generations under most of the different sowing dates, with exception of
head diameter when M4 generation was grown on August 28 and when
M5 generation was grown on January 16. Moreover, it is obvious that the
mean values of the three traits increased when the gamma ray dose of 40
Gy was used in the both generations as compared to those obtained by
the other irradiated and non-irradiatied populations under different
sowing dates. In this respect,W) showed that the irradiation treatements
at doses of 100 or 200 Gy increased the Miak plant height, while the
irradiation treatments at doses of 200 or 300 Gy decreased significantly
plant height of synthetic population. Similar results were ohtained also
b y ( 5 , 6, 7, 8, 9 and 10)
It is clear from the obtined data that the three traits, i.e plant
height, stem diameter and head diameter had the highest values when M4
and M5 generations were grown on April 11 in both seasons. On the other
hand, the values of those traits decreased when the sowing was done
either early or later than that date (April 11). The deprission in the
growth traits by sowing in early or late dates may be due to the
unsuitable environmental conditions, i.e. temperature and light in those
dates.
II. Yield and yield components
The obtained data indicate that head weight and seed yield/head of
M 4 (Table 1) and M5 (Table 2) increased significantly by increasing
irradiation dose from zero to 40 Gy, and then they declined gradually
with any increase in the doses up to 160 Gy which produced the
minimized values. These results are fairly true in the three sowing dates
in the first season and in the second one. In this concern,' 1 0 ) found that
sunflower cultivars irradiated with 40 Gy producted seed yiled/head

283

higher than that obtained by cultivars irradiated with 80, 160 or 320 Gy.
The same trend was seemed b y ^ With regard to the values of number of
rows/head, sterility zone/head, shelling percentage and seed index,, the
data generally show that these traits unaffected by irradiation treatments
in most tested sowing dates. Nevertheless, the irradiation dose of 40 Gy
exhibited an increase in these traits in the two generations in all sowing
dates compared to the other irradiation doses as well as the control
treatment.
Over all tested irradiation doses, the mean values of the sowing
dates indicate that seed yield/head and its contributed traits, i.e head
weight, number of rows/head, sterility zone, shelling percentage and
seed index were increased with delay sowing date up to 11 April in the
two generations of M4 and M5 and then they were decreased with delay
sowing date up to 28 August in M4 generation, and up to 5 July in M5
generation.

This means that middle April was the suitable time for

either M4 and M5 generations of sunflower to obtain the highest seed
yield per head. Moreover, it can be said

that further subsequent

generations may lead to an increase in seed yield/head especially when
the seeds were subjected to gamma ray dose of 40 Gy.
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ABSTRACT

Adult males, less than 24 hours, of the cotton leaf worm,
S. littoralis (Boisd.) were gamma irradiated with 100, 150
and 200 Gy and mated with normal females. The resulting males
of each generation were mated with normal females throughout
three successive generations. Dissection of adult male
parents immediately after irradiation, showed no histological
effects on parental testes. Testis volume of F1( F2 and F3
generations significantly affected by the radiation doses
applied to parental males. The effects on internal anatomy
and histology of the male reproductive system showed that 100
Gy had the minimal effect on the volume and the structure of
the testes among the three successive generations. Most of
the sperm bundles appeared normal and the individual sperm
was fully formed indicating normal metamorphosis. However, a
dose of 150 Gy showed morphological abnormalities and
retardation in sperm maturation. At 200 Gy the volume and
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structure of the testis were severely affected. The greatest
damage in the testes was observed in F1( and was minimized in
the following two generations.

INTRODUCTION
The cotton leafworm, Spodoptera littoralis (Boisd.) is
the most destructive pest of field crops in Egypt. Some
efforts have been achieved to introduce the sterile male
technique in its control11'2'31 . However, mating competitiveness
of irradiated males was adversely affected by the sterilizing
dose (500 G y ) .
Knipling(4), demonstrated the potential advantage of
inherited sterility over the sterile insect technique through
the use of population models. First filial generation of the
cotton
leafworm
resulting
from
adults
treated
with
substerilizing doses of gamma radiation exhibited various
degrees of sterility including reduction in fecundity and
fertility(5>s'7'8) . The cotton leafworm males irradiated by low
doses of 100 or 150 Gy were fully competitive, and the same
trend was true among F: males'".
The present work was conducted to investigate the
histological effects of substerilizing gamma doses on the
tests of irradiated parental males and their F1( F2 and F3
progeny.

MATERIALS AND METHODS
The cotton le ^fworm specimens used in this study were
obtained from a mass culture maintained in the Entomology
laboratory of Radiobiology Department, NRC, Atomic Energy
Authority at Inshas, ARE. Larvae were fed on fresh castor oil
plant leaves. Mature pupae were sexed and each sex was
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transferred to separate container until adult emergence. The
adult males, less than 24 hours old, were irradiated using a
gamma cell (60Co source) that had a dose rate approximately
4 Gy/min. The irradiation dosages used were 100, 150 and 200
Gy. Immediately after irradiation, treated male adults (PJ
were paired with untreated virgin females. Each pair was
placed into 500 cc. card-board cage lined internally with
white paper to serve as an oviposition site and covered with
thin cloth fixed in place with a rubber band. Cages were
supplied with vials containing 10% sugar solution and the
vials were renewed every two days. A group of untreated pairs
were used as control. Eggs were collected daily from each
treatment to determine rate of egg hatching and to continue
the next successive generations. The resulting Fx males were
mated with normal females in order to obtain F2 generation of
which only the males were polled out to continue the male
line for the third generation. Eighteen replicates of single
pairs were used per each treatment. The holding conditions
for all the life stages in this study were 25 - 32 °C and
60-70% RH.

To study the effect of gamma irradiation on the internal
anatomy of the testis, fifty newly emerged male adults of
each treatment at each generation were dissected in Belar's
saline. Morphometric measurements of the testis dimensions
were determined. Tests were fixed in hot Boin's fixative for
24 hours. The specimens were dehydrated through an ethanol
alcohol series (50, 70, 80 ethanol for 12 hours, 95% ethanol
for five hours and absolute ethanol for 3 hours), and then
washed twice in absolute ethanol and xylene for 30 mins. and
cleared in xylene for 30 mins. The specimens were placed in
equal parts of xylene and paraffin wax in an oven at 60 °C
for 24 hours and then double embedded in pure molten paraffin
at the same temperature for 2 hours to remove clearing
agents. The specimens were then embedded in paraffin blocks.
Serial

cross,

longitudinal
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and

sagittal

8/i

thick

sections were cut from each block with a microtome. Ribbons
containing sections were mounted on clean slides by using
Mayer's egg albumen adhesive. The slides were dried, dewaxed,
dehydrated and stained with Ehrlich's hematoxylin and
counter-stained with eosin. The stained sections were
dehydrated through the ethanol ascending series for 10
minutes period, cleared in xylene and mounted in Canada
balsam. The slides were kept in an oven at 40 °C for a week
before being examined with common research microscope and
photographed with the aid of its attached camera.
The obtained data were statistically analyzed by using
Student's F-test and New Duncans Multiple Range test of Steel
and Torrie110' .

RESULTS
The present research paper was designed to study the
effects of gamma-irradiation on testes of the first, second
and third generations of newly emerged adult S. littolaris
resulted from irradiated Px males at different gamma doses.
Dissection

of

adult

male

parents

immediately

after

irradiation showed no histological effects on the testis with
100, 150 and 200 Gy.
Results in Table (1) indicate that the volumes of testes
of the first, second and third generations of males resulted
from irradiated Px adult males were significantly affected by
gamma radiation doses of 100, 150 and 200 Gy. There are a
positive relationship between the dose applied to Px males
and the reduction in the testis volume of the three
successive generations.
Examination of a transverse section through the testis
showed that the testis consisted of a mass of gonial cells in
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all developmental stages. Spermatogonia occurred near the
outer periphery farther inside cystes of primary spermatocyts
and secondary spermatocyts were evident. Areas of spermatids
occurred still nearer the center. Most of the central area
was filled with sperm bundles (Fig. 1 ) .
Two types of sperms were produced normally
in
Lepidopteran males, nucleated eupyrene sperm and anucleated
apyrene sperm. Cells in which meiosis occurs before pupation
produce eupyrene sperm. Apyrene sperm are produced after
pupation111' .
In the present study the two types of sperm bundles are
easily differentiated in thin sections because the fully
developed eupyrene bundles are characterized by large densely
staining sperm tails elements, apyrene bundles are relatively
small and faintly staining. Also, the eupyrene sperm bundles
were long, sinuous and has distinct nuclei at the anterior
end. Apyrene sperm bundles were shorter and occurred nearer
the opening to the seminal vesicle than the eupyrene sperm
bundles. The shorter apyrene sperms had less distinct nuclei
located mid way along their length (Fig. 1) .
Examination of transverse sections through the testis of
treated and untreated male adults showed that most of the
morphological changes occurred during sperm maturation
process and at sperm bundle formation. These findings agree
with those of Ashrafi and Roppel'121, who recorded that
radiation induced partial sterility related to structurally
abnormal sperms of Plodia interpunctella.
Examination of transverse sections through the testis of
Fx generation resulted from irradiated Pt males with 100 Gy
shows a minute effect on the structure of testis contents.
Most of sperm bundles appeared normal and individual sperm
was fully formed indicating normal metamorphosis (Fig. 2 ) .
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Fig. (1) : A cross section in the testis of 1-day-old
Spodoptera littoraljs unirradiated male. (25.2X).

Fig. (2): A cross section in the testis of 1-day-old F1 male
descending from Px male irradiated with 100 Gy showing that
most of sperm bundles appeared normal. (25.2X, 40X).
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A dose of 150 Gy showed morphological abnormalities and
retardation in sperm maturation in comparison to the
maturation in the untreated male. Both types of sperm bundles
showed different degrees of shortage (Fig. 3 ) . Although some
germinal area appeared normal in some sections, it was
affected in others.
Spermatogonia, spermatocytes and spermatides in the
transverse section through testis of F1 males resulted from
Pj males were severely affected by 200 Gy exposure (Fig. 4 ) .
The most obvious effects were the decrease in spermatocyte
numbers, the breakage of the sperm bundles and the loose of
the sperms. Shrinkage of follicular tissues and vacuoles in
spermatogonial region also were observed.
In the testis of F2 males resulted from parents
irradiated with 100 Gy, thickness and shrinkage of follicular
tissues was observed. Besides, the vacuoles became more
obvious in the spermatogonial region (Fig. 5) . Also, many
spermatocytes appeared normal while their numbers were
decreased.
The F2 progeny of Px male moths given 150 and 200 Gy
showed a wide range of morphological abnormalities (Fig. 6 &
7) . Germinal tissues were completely damaged. Primary and
secondary spermatocyte were absent (Fig. 7) . The spermatid
bundles were no longer distinguishable and spermatids showed
signs of liquification and large vacuolated areas appeared.
In many bundles the sperms were degenerated (Figs. 6 & 7 ) .
Also, Fig. (7) showed cavities and vacuoles beneath the
follicular tissues and large gaps appeared in it. Generally
the effects were more pronounced with the increase in dose.
These results agree with those obtained by Riemann and
Flint113', who studied the irradiation histological effects on
testes of the adult boll weevil, Anthonomus grandis.
Sections of the tests of F3 progeny descended from males
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Fig. (3): A cross section in the testis of 1-day-old Fx male
descending from Pt male irradiated with 150 Gy showing
abnormalities in sperm bundles. (12.8 X., 25.2 X.) .

Fig. (4): A cross section in the testis of 1-day-old F: male
descending from P1 male irradiated with 200 Gy showing
breakage of sperm bundles, shrinkage of follicular tissue and
vacuoles. (25.2 X., 25.2 X.) .
29

Fig. (5): A cross section in the testis of 1-day-old F2 male
descending from Px male irradiated with 100 Gy showing
abnormalities in follicular tissue and reduction in number of
spermatocytes. (25.2 X., 40 X . ) .

ft

xir

r

Fig. (6): A cross section in the testis of 1-day-old F2 male
descending from P1 male irradiated with 150 Gy showing
absence of germinal tissue, occurrence of large vacuoles and
degenerated sperm bundles. (12.8 X., 25.2 X.}.
29 l

Fig. (7): A cross section in the testis of 1-day-old F2 male
descending from Px male irradiated with 200 Gy showing
cavities and vacuoles beneath the follicular tissue and large
gapes appeared in it. (25.2 X., 25.2 X . ) .

Fig. (8): A cross section in the testis of 1-day-old F3 male
descending from P1 male irradiated with 100 Gy showing
abnormalities in the region of development and maturation.
(25.2 X., 40 X . ) .
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irradiated with 100 Gy showed significant damage. Although
spermatogonia were fewer in number than normal, vacuoles in
the spermatogonial region were present. Also, spermatocyte
and younger spermatid groups were abnormal in their
appearance (Fig. 8 ) .
At the dose 150 Gy, the effects on the tests of F3 males
were more pronounced, the spermatocyte cysts contained
nondifferentiated spermatocyts at the periphery of the testis
but at its center the spermatocyte cysts were ruptured, cells
were scattered and nuclei were darkly stained (Fig. 9 ) .
At the dose 200 Gy, the sections showed that the
spermatid
bundles
were
no
longer
distinguishable,
spermatocytes were degenerating and the cytoplasm was often
lacking leaving almost empty cysts. Many cysts were small and
deeply stained. Sometimes, the cysts were completely lost and
large vacuoles appeared instead of them (Fig. 10).

DISCUSSION AND CONCLUSION
In order to retain vigour in Lepidoptera, researchers
suggested the use of substerilizing doses of radiation to
produce sexually competitive moths. Furthermore, by this
method the Fx offspring of irradiated Lepidoptera are often
partially or completely sterile.
The obtained results on the effects of substerilizing
doses of gamma irradiation on the testes confirmed the fact
that 100 Gy had the minimal effect on the volume and
structure of
the testes among the three
successive
generations. Moreover, most of sperm bundles appeared normal
and the individual sperm was fully formed indicating normal
metamorphosis. However, a dose of 150 Gy showed morphological
abnormalities and retardation in sperm maturation. At 200 Gy
the volume and structure of testes were severally affected.
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Fig. (9) : A cross section in the testis of .L-day-old F3 male
descending from Px male irradiated with 150 Gy showing
undifferentiated spermatocytes and scattered & ruptured
spermatocytes. (12.8 X., 25.2 X . ) .

Fig. (10): A cross section in the testis of 1-day-old F3 male
descending from P1 male irradiated with 200 Gy showing
distinguishable spermatid bundles, degenerated spermatocytes
and large vacuoles. (25.2 X., 40 X . ) .
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It is worthy to note from the present study that
histological
results
gave
some
explanations
to
some
(7)
biological observations reported by Sallam
and Sallam and
9 14)
Ibrahim' '
on S. littoralis.
They found that Fx males,
descendant of parental males irradiated with low doses up to
200 Gy, were more sterile than Pt males. Moreover, survival
among F1# Fa larvae to the adult stage was low and dose
dependant. Larval and pupai mortality increased as the dose
applied to
Px males was increased. Laboratory mating
competitiveness indicated that males irradiated with 100 or
150 Gy and Fx male progeny were fully competitive with
untreated males in mating with untreated females.
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Table (1): Effect of gamma irradiation on the volume of Fx
F2 and F3 of Spodopbera libboralis male testes
irradiated as Px adult males.

Average testes volume (mm)3

Dose (Gy)

0
100
150
200

5 .91
4 .43
2.54
2.45

F3

F2

Fi

5.76
3 .78
2 .40
2 .11

a
b
c
C

a
b
c
c

5.28
4.18
3 .67
3.43

a
b
c
C

Test volume was calculated assuming the spherical shape of
the testes by the formula:
V = 4/3 n r3
20 adult males one-day-old were used per each treatment.
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ABSTRACT
The LD50/24 h of glutathione and mexamine solutions were
obtained by applying concentrations of 2.25% and 0.26%,respectively
to newly formed pupae of C. pipiens. Also the optimum exposure
time (OET) was 20 min. for glutathione & 10 min. for mexamine.
A depressing effect on the percent of Adult emergence was
recorded after treatment with either glutathione or mexamine solutions
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before gamma irradiation. Pretreatment with either glutathione or
mexamine had no significant effect on sex ratio.
Slight recovery in the adult lifespan, was observed as a result of
pretreatment with either radioprotectors before gamma irradiation.
This recovery was more evident in males than in females.
In case of combining treated females with normal males, the egg
production was completely inhibited, and pretreatment with either
glutathione or mexamine solutions did not affect radiation-induced
sterility.
Fecundity of normal females was not affected when inseminated
by males pretreated with either glutathione or mexamine solutions
and irradiated after 1 and 2 h latent period (LP), however the
hatchability percentage were 1.83% and 3.9% .respectively.

INTRODUCTION
Mosquito control has been a challenge since man has been on
earth, the rather recent knowledge that mosquitoes are vectors of
many diseases has enhanced the need for its control by using several
methods, one of which is the sterilization technique.
The effect of gamma irradiation on fitness components of C.
pipiens was investigated by Patterson el al ( ' ) and El-Gazzar et al .(3)
The main objective of this work is to investigate the role played
by two tremendous radioprotectors ( glutathione & mexamine) applied
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separately at early pupal stage and before these pupae are subjected to
the sterilizing dose (80 Gy) of gamma rays (4)
The radioprotectors used in the present work were selected
because they belong to two different main classes of radioprotector
compounds. One belongs to the indolylalkylamine group ( mexamine),
the other to the mercaptoalkylamine or thiol group ( glutathione).
Each of the two groups has a different mechanism of protective
action.
The biological parameters used in the present work are adult
emergence, sex ratio, longevity and reproductive potential.

MATERIALS AND METHODS
A culture of C.pipiens was reared under laboratory conditions of
26±2°C and 65 ± 5% RH (4). The early pupae were exposed to gamma
radiation from Cobalt-60 gamma cell 220-1 located in the National
Center for Radiation Research & Technology (NCRRT) Cairo. The
dose rate of the radiation source at the time of exposure was 12
Gy/min. The experimentalwork was carried out in the laboratory of
Entomology (NCRRT).
To determine the total rate of pupal mortality after 24 h ( 24h LDx) two aqueous solution sets of different concentrations were
prepared as follows: (0.50%, 0.75%, 1.00%, 1.25%,, 1.50%, 1.75% ,
2.00%, 2.25%, 2.50%, 2.75%, ) and (0.10%, 0.12%, 0.14%, 0.16%,
0.18%, 0.20%, 0.22%, 0.24%, 0.26%,0.28% , 0.30%). w/v for
glutathione & mexamine solutions , respectively.

302

Five groups were carried out for each concentration, each
consisting of 60 pupae,which were immersed in the solution. The
optimal concentration was determined by obtaining 50% mortality
after 24 h. The percent of corrected mortality after 24-h was
calculated by applying Abbot's formula (5)
To determine the optimal exposure time (OET), 5 lots of newly
formed pupae each of 300 were subjected to LD^Q /24h concentration
level of each radioprotector for five different time periods (5,10,20, 40
& 80 min.) The OET was determined according to the least mortality
percent obtained after 48h (48 h-LDx ) .
To determine the adult emergence and sex ratio four sets of
newly formed pupae, each of 150 were immersed in 30 ml solutions
of L D ^ Q / 2 4 h of glutathione and mexamine for the OET (20 min. for
glutathione & 10 min. for mexamine). These groups of treated pupae
were then subjected to gamma sterilizing dose after 4 varying LP
( 30, 60, 120 & 180 min.) . Each treatment was repeated 3 times.
To determine the effect of radioprotectors on fecundity, fertility
and adult longavity the following mating combinations were made:
a. Irradiated males X Normal females.
b. Normal males X Irradiated females.
c. Normal males X Normal females ( Control).
Both irradiated males and females were preheated with LD^Q
/24 h of either glutathione or mexamine solution for the OET and then
subjected to sterilizing dose after four LP. In each mating
combination 30 males were crossed with 30 virgin females. Each
crossing combination was repeated three times. Deposited eggs were
daily collected and counted. Hatched larvae were also counted, adult
mortality was daily recorded.
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For further studies, the optimum LP was selected by evaluating
the results obtained from the four LP. Statistical analysis using t-test(A)
between irradiated and unirradiated insect groups was made.

RESULTS AND DISCUSSION
(Fig.l) shows clearly that L D ^ Q /24h of glutathione and
mexamine solutions was obtained by using concentrations of 2.25%
and 0.26%, respectively.
These results are in agreement with those obtained by
Abdel-Rahman et al (7) , working on Aedes caspius who found that the
rate of mortality of pupae increased by increasing the concentrations
of either imidazole or Cysteamine as radioprotectors.
(Fig.2) shows that the OET for glutathione and mexamine were
20 & 10 min. respectively. At these times, the least rate of mortality of
pupae were recorded after 48 h. According to Aboul-Nasr et_ aJJ-8)' the
least mortality ( 14.00%) of newly formed pupae of Aedes caspius
was obtained after 60 min. exposure time to 0.05% imidazole solution.
This means that the tolerance was reduced by increasing the
exposure time.
The results obtained (Table 1) shows that there was a depressing
effect on the rate of adult emergence after treatment with either
gamma irradiation alone or after pretreatment with radioprotector
solutions.However, certain protective effect could be detected in
groups GDo MD . and MDi since the rates of adult emergence
recorded were 87.33%, 83.33% and 84.66%, respectively as compared
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with 82.00 and 90% for groups D & control respectively with
insignificant difference.
Aboul Nasr et_ aL (8) mentioned that gamma sterilizing dose had a
depressing effect on adult emergence, if this dose was applied after
treating pupae of A. caspius with 0.05% imidazole solution.
Table 2 shows that males treated with either gamma sterilizing
dose alone or combined with 2.25% after the four latent periods lived
shorter than their corresponding crossed normal females. Also
longevity of males of group GD± was shorter than that of the control
with highly significant difference (p <0.01).
Males of group GDj lived longer than males in group D with
highly significant difference (P<0.01) whereas males of group GD2
have almost the same longevity of the control males.
In addition Table 2 shows that females treated with gamma
sterilizing dose or those pretreated with 2.25% glutathione and
irradiated after four latent periods lived shorter than their
corresponding normal males
Table 2 illustrates that normal females crossed with males of
group GD ,, GDj and GD3 deposited a mean number of eggs per day
less than those crossed with males of either control or group D with
insignificant difference.
On the other hand, normal females inseminated by males of
group GD2 deposited eggs almost equal in number to those crossed
with normal males and less than those crossed with males of group
D.
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Moreover Table 2 illustrates that when males of groups D, GD,
, GDj and GD3 were combined with normal females, non of the
deposited eggs hatched. In addition highly significant decrease in the
hatchability rate being 1.83% of the deposited eggs was observed
when males of group GD2 were combined with normal females.
The results obtained (Table 3)shows that the longevity of males
of group MD, was slightly shorter than that of the control males and
longer than that of males of group D . In addition , males of group
MDj and MD2 lived longer than either the control males or those of
group D with highly significant difference (P <0.01) . However the
longevity of males in group MD3 was shorter than the control males
and longer than that of group D with significant difference (P<0.05).
Table 3 also shows that females belonging to MD, , MDj and
MD2 groups lived shorter than those of the control group and
moderately longer than those belonging to group D .
Data presented in Table 3 illustrate that when normal females
were crossed with males of the groups MD|,MD2 and MD^ few
eggs were deposited, as compared with those crossed with males of
either the control or group D but with insignificant difference.
However, in case of crossing males of group MD, MD2& MD3 with
normal females the hatchability was compeletly inhibited in spite of
stimulating egg deposition.
The percent hatchability recorded was 3.89% when males of
group MDj crossed normal females. On the other hand complete
inhibition of oviposition of females of D, MD,, MDj, MD2 & MD3
groups occurred when crossed by normal males.
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As a common factor, it has been found that recovery occurred in
the adult life span was due to pretreatment with radioprotectors. This
was more evident in males than in females. In addition ,this recovery
was enhanced when the latent period applied was 2 h in case of
gentathione and 1 h in case of mexamine . In this respect, mexamine
as a radioprotector, was more effective than glutathione.
The present results agree with the findings of many authors on
different insect species (9I0) . Potapenko elaj ( l l ) • investiged the effect of
5-bromo-2-deoxyuridine (BUDR) either alone or together with
ionizing radiation on the life span and major survival curve of D.
melanogaster . They found that (BUDR) did not influence the life
span when it was applied alone whereas it enhanced the effect of
radiation.
In the present study, it was found that the egg production and
hatchability were greatly affected by exposing the pupae to gamma
radiation and neither
glutathione nor mexamine used as
radioprotectors affected radiation induced sterility. El-Gazzar and
Smittle (l2) working on C.quinquefasciatus mentioned that non of the
0.25%, 0.5% and 1% cystaine, 1% merceptoethylamine 2-aminoethyl
isothiuronium bromide, 1% and 2% edetic acid and tryptophane
affected radiation induced sterility.
Accordingly we may conclude that the effect of irradiation on the
insect results in reduction of egg hatchability and that the
radioprotective role played by the tested chemical compounds seemed
to be effective in this respect.
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TABLE 1
Effect of pupal treatment with radioprotector solutions (2.25% glutathione,
& 0.26% mexamine) and radiosterlization on % adult emergnce and sex
ratio of C.pipiens
No. of emerged

Sex ratio %

Treatment

adult

% emergence

Male

Female

Control

135

90.00

60.0(1

40 00

D

123

82.00

5.3.15

46 65

G

128

85.33

57.03

42 97

GD,/,

120

80.00

46.66

53.34

GD,

116

77 33

4 1 .IX

58.62

GD 2

131

87.33

59.45

40.55

GD 3

112

74.66

46.43

53.57

M

131

87.33

67.IS

32.X2

MD,/,

125

83 3.3

44.00

56.00

MD,

127

84 66

47.24

52.76

MD2

117

78.00

45.3(1

54.70

MD3

95

63.33

17.37

52.63
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TABLE 2
Effect of puoal treatment with 2.251 glutathione solution and radiosteri1ization after different latent periods on the 2gg
production, hatchability and adult longenity of C. i>ipiens

Treatment

Crossing
cotiibi nation

Mean No. of
Egg
day

Control

¥^ S.

S of
hatch

Longevity of adults in days

E.

Males
jf + S.O.

ID

Females
X + S.E.

Ud^Uo.

5.80 + 1.09

87.32

20.40 + 0.28

0.00

23.40 + 0.355

0.00

1 d*X U 5

6.34 + 1.30

0.00

17.90 +0.38

-12.25

24.03 +0.70

+2.69

uoc i 5

0.00

21.60 +0.54

+5.88

19.50 + 0.74

-16.66

D

i tfx u 5

5.57 + 1.24

84.02

16.66 + 0.26

-18.33

22.53 + 0.74

-3.71

u d*x i 5

6.42 +0.82

77.06

21.20 +0.55

+ 3.92

18.63 +0.78

-20.38

I d*X U 9

5.24 +0.47

84.02

17.20 + 0.38

-15.68

24.83 + 0.75

+6.11

20.53 +0.44

+ 0.63

20.36 +0.60

-12.99

19.76 + 0.45

-3.13

24.56 + 0.53

+ 4.95

21.46 +0.45

+5.19

19.83 +0.59

-15.25

20.86 +0.37

+2.25

26.88+0.98

+11.11

20.66 + 0.36

+ 1.27

21.60 + 0 . 3 9

-7.69

16.86 + 0.47

-17.50

22.50 +0.73

-3.84

-0.34

17.60 + 0.75

-24.7%

G

"I

«1

-2
GO,

U o*X I o.

0.00

i cfx u 9

5.03 + 1.04

u cf x I 5

0.00

I (f X U ^

5.96 +1.09

u <fx 1 j

5.16 + 0.30

T cT x u 5

5.16 + 0.30

U d*X I 5

I = Ga.i/iia irradiated
U = Unirradiated
0 = Deviation fraa control

0.00

84.02

1.83

5.16 + 0.30

20.33 + 0.66

I = Pretreated with radioprotector and irradiation.
T = Treated with radioprotector
X = Mean

TABLE 3
Effect of pupal treatment with 0.26% mexamine solution a n d radiosteri1ization
p e r i o d s o n t h e e g g p r o d u c t i o n , h a t c h a b i l i t y a n d a d u l t l o n g e n i t y o f C.i>ti>iens
Crossing
Treatment

Control

Combination

Uo*XUo.

I o*X U o.

Mean No.
of Egg /o/
day + S.E.

rv>
HOj

MD[

MD

3

differnt

Longevity of a d u l t s in days
Males
X + S.E.

t0

Females
X + S.E.

SO

5.80 + 1.09

87.32

20.40 + 0.28

0.00

23.40 + 0.55

0.00

6.34 + 1.30

0.00

17.90 + 0.38

-12.25

24.03 + 0.70

+2.69

21.60 + 0.54

+5.88

19.50 + 0.71

-16.66

0

M

J of
hatch

after

u (?x I 5

0.00

l <?x u 5

5.07 + 1.69

71.49

19.93 + 0.39

-2.30

24.53 + 0.66

+4.82

u o*x i 5

5.03 + 1.60

62.83

20.56 + 0.58

+0.78

18.60 + 0.87

-20.51

I cTx u ^

4.93 + 0.48

0.00

20.70 +0.26

+1.47

23.06 +0.42

-1.45

u o*x i ^

0.00

20.16 + 0.52

-1.17

20.30 +0.42

-13.24

22.80 +0.40

-11.76

23.00 + 0.65

-1.70

21.43 + 0.29

+ 5.15

22.96 + 0.83

-1.88

22.20 + 0.60

+ 8.82

21.50 + 0.81

-8.11

19.96 + 0.54

-2.15

20.46 +0.69

-12.56

19.30 + 0.62

-5.39

21.83 +0.76

-6.71

19.06 + 0.51

-6.56

19.30 + 0.71

-17.52

F d*x u ^

5.59 + 0.77

U d*X I 5

0.00

icfxuo.

1.70 + O.X

U d*X I 5

0.00

1 d*X U q
U S X I g

5.10 +0.59
0.00

3.89

0.00

0.00

latent

List of abbreviations:
F)

: Insects irradiated with gamma sterilizing dose 80 Gy

C

: Insects exposed to 2.25% glutathione solution for 20 min.

GDi/2

: Insects exposed to 2 25% glutathione solution for 20 min and irradiated
after 1/2 h.

CI)j

: Insects exposed to 2 25% glutathione solution for 20 min and irradiated
after I h.

GI>2

Insects exposed to 2 25% glutathione solution for 20 min and irradiated
after 2 h

GD3

: Insects exposed to 2.25% glutathione solution for 20 min. and irradiated
after 3 h.

INI

: Insects exposed to 0 26% mexamine solution for 10 min

MUi/2

: Insects exposed to 0.26% mexamine solution for 10 min. and irradiated
after 1/2 h

MI)I

: Insects exposed to 0 26% mexamine solution for 10 min. and irradiated
after 1 h

MD2

: Insects exposed to 0.26% mexamine solution for 10 min and irradiated
after 2 h.

MD3

: Insects exposed to 0.26% mexamine solution for 10 min. and irradiated
after 3 h.
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ABSTRACT
The effect of gamma rays on the longevity of different larval instars of the midge
Chironomus riparius was investigated by using five doses, 1, 9, 30, 200 and 1000 Gy.
The.LT50 (time in days required for killing 50% of the population) was estimated using
SPSSX programme.
The data showed that irradiation decreased LT50 in the second, third and fourth
instars in comparison to their control while in the first instar irradiation increased LT50
at all doses used. The data also showed that shortening or increasing life span was
independent of the dose applied.
Results were discussed in terms of the possibility of inhibiting enzymes by gamma
radiation.

3lU

INTRODUCTION
Extensive literature exists on the effects of ionizing radiation on life span of
insects '

" ' ' Generally, it is well known that exposure to ionizing radiation in sublethal

doses usually causes life shortening and in most cases this was proportional to the dose
applied " " . The possibility of extending the normal life span by radiation was reported
by some authors '"

The effect of radiation on aquatic insects has received little

attention(8- 9).
The aim of the present work is to study the effect of certain doses of gamma
irradiation on the life span of Chironomus riparius larvae, which are known for their
ability to tolerate and survive under some environmental stressors and are considered a
good indicator of freshwater pollution*

.

MATERIAL AND METHODS
1. Experimental animals
Different larval instars were collected from a culture unit kept at 20 °C in a
constant temperature room with continious aeration Differentiation between instars was
determined by using mandible length
Large instars were picked up from the culture by a fine forceps while a pipette
was used to pick up small larvae (first and second instars). The damaged larvae were
discarded. Approximately 15 larvae were used in each radiation dose The larvae were
transferred to 5 cm diameter pill pots containing artificial pond water to be irradiated
The artificial pond water (A.P.W.) have the following chemical contents: 11.76 gm of
CaCl2 2H 2 O, 4.93 gm of MgSO4, 2 59 gm of NaHCO^ and 0.23 gm of KCL During
experimentation, the A.P.W. was changed daily to eliminate metabolites but no food was
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added The numbers of dead larvae were recorded every 24 hours Death was ensured
when the animals ceased to respond to mechanical stimulation. After death of the larva,
the mandible length was measured to check the larval transformation
2. Irradiation technique
The source of gamma radiation "60CO" was used to irradiate chironomid larvae
at a dose rate of (1000r/3.48 min.). The larvae were exposed as a whole body. The doses
used were 1, 9, 30, 200 and 1000 Gy. After irradiation four larvae of the third and fourth
instars were put in pill pots while tissue culture boxes were used for the first and second
instars Five replicates were used for each radiation dose.
3. Statistical analysis
The data obtained in this study were analysed by using SPSSX programme, to
determine LT50 (time in days required to kill 50% of the population). Comparison of
survival between different groups was calculated by using Lee-Desu test

.

RESULTS
Mortality of chironomid larvae was calculated after exposure to different doses of
gamma irradiation Table (I) shows the LT50 and percentage (%) change for the first,
second, third and fourth larval instars with various doses of gamma irradiation Fig (I)
illustrates the effect of different doses on LT50 of the four larval instars
It was noted that radiation caused shortening in life span for all instars except for
the first instar in which radiation caused life prolongation Regression analysis showed
that higher doses were not always the most effective. There was a little correlation
between LT50 and doses used

316

0

1

9

30

1000

DOSE (Gy)

FIG. 1: EFFECT OF DIFFERENT DOSES OF GAMMA IRRADIATION
ON LONGEVITY (LT50) OF CHIRONOMUS RIPARIUS LARVAE
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Analysis of variance for accumulation death showed that the first instar control
larvae differed significantly from treated larvae at different doses of irradiation (P<0 05)
except at 1000 Gy. In the second instar untreated larvae differed significantly from those
treated with 1000 Gy (P<0.05) while other doses of radiation decreased the life span of
larvae in comparison to control but not significantly. For the third instar untreated larvae
and larvae treated with 1 and 30 Gy showed significant difference in their survival
(P<0.05). Other doses did not show such difference. For the fourth instar the untreated
larvae differed significantly from all treated larvae (P<0 001).
It has been observed that during this study some larvae were able to transfer to
the next instar and one of the fourth instar larvae pupated.

TABLE (I) LT50 AND PERCENTAGE CHANGE (% R. FOR REDUCTION; % I
FOR INCREASE) FOR DIFFERENT LARVAL INSTARS
OF
CH1RONOMUS R1PARWS

Dose

First instar

Second instar

Fourth instar

(Gy)

LT50

0

10

1

15.5

55

7.5

65 2

15

28.6

6.25

67 1

9

19.5

95

1075

50

11

47.6

5

73 7

30

18

80

14

349

6 83

67 5

4.5

76 3

200

17

73 1

11 87

44.8

17

19 |

7.4

61 1

1000

13.25

32.5

10.75

50

17.5

167

8.33

562

%I

LT50

Third instar

%R

21.5

LT50

%R

%R

19

21

318

LT50

DISCUSSION
In insects shortening in life span by irradiation, has received attention, but only
for adults Different reasons of shortening life have been suggested, by some authors'
8

14)

They attributed life shortening by irradiation to mutogenic effects. Other authors
showed that the effect
mitochondria

of irradiation may be due to ultrastructural alteration in

or in midgut epithelium'

1-

\

In this study the shortening of life in the second, third and fourth instars may be
attributed to change in some enzymes activity caused by irradiation A recent study
showed inhibition in activity of acetylcholinesterase (AchJE) and aliphatic esterase (AliE)
in second, third and fourth instars An increase in activity of these enzymes was observed
in the first instar (El-Halfawy et al, unpublished data). Inhibition in AchE level was found
in cotton leaf worm larvae which were produced from different crossing between
irradiated parents

. AchE is responsible for hydrolyzing acetylcholine into choline and

(18)

acetic acid

This hydrolysis is an important biochemical process in transmission of

nerve impulses. Although the doses used in the present study did not cause paralysis to
the larvae, it is suggest that accumulation of Ach resulted in a sort of toxicity that
induced life shortening
On the other hand, the increase in longevity by irradiation should not be
completely unexpected However, several explanations may be proposed. Atlan et al.
1969

concluded that

in Drosophila irradiation might act by eliminating early

accidental deaths including, but not limited to. those involving bacterial infection Cork.
I957(6>, suggested that an increase in longevity by radiation may be induced by slowing
certain physiological processes Grosch, 1956(

, also suggested the stimulation of

repair mechanism within the animal as the reason of increasing life span Koval et al,
l9yg(2l)

assumecj

{}iat inSect cells in culture may be resistant to the lethal effects of

ionizing

radiation due to a very efficient DNA-repair process Moreover, Ducoff
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1967( \ suggested that moderate doses of radiation exert two conflicting effects, a
detrimental effect in the proliferative tissues and a beneficial effect in the postmitotic
tissues. Yang and Ducoff, 1969

, found that, young TrihoHum castanum larvae were

less radiosensitive than old larvae. This is the case with the first instar larvae in the
present study where the irradiated larvae lived longer than the control animals and LT50
was higher than the other instars in different doses. Perhaps the increase in life span of
the first instar by irradiation is due to the fact that those larvae were chosen for
irradiation immediately after hatching and one can suppose that mitotic activity is
prohibited and the cells became undifferentiated This suggestion agrees well with that of
Bergonie - Tribondeau, 1906

, which proposed the principle that the radiosensitivity

of cells is proportional to the their degree of differentiation. Bourgin et al, 1956
found that in X-irradiated Drosophila larvae, the organs that most affected were those
which were most rapidly dividing and differentiating at the time of irradiation On the
other hand, O'Brien and Wolfe, 1964

, indicated that there was a brief period of

intense mitotic activity when molting occured and in this period the cells become more
sensitive to irradiation.
We like to point out that some irradiated larvae succeeded in transforming to the
next instar and this is in accordance with Ashrafc/ al, 1971 ' , who worked with the
Indian meal moth larvae.
The present results showed that the effect of gamma irradiation on the life span
of Chir. larvae is independent of the dose Similar results were obtained for Tribolium .
confusun/2f>\

Also Ducoff, 1972( \ stated that radiation induced death occurs during

a limited time period, both the beginning and duration of which are relatively independent
of the dose over a wide range.
The difference in LT50 curves for different instars may be because each
population might be of mixed ages with consequent heterogeneous response The

320

resistance of chironomid larvae to irradiation is peculiar and this shed light on how these
larvae could be resistant to their environment stresses.
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ABSTRACT

This study was carried out in the experimental farms , Nuclear Research Center, Atomic
Energy Authority, Inshas, from 1992 to 1994. It aims to study genetic behaviour of plant height, dry
weightyplant, earliness, grain yield/plant and 100-grain weight at harvest time of three wheat cultivars
(Maxipak, Giza

)55

and Sakha^) and four hybrids in Mi and M2 generations after treated dry seeds

with 7.5,10 and 12.5 Krad gamma ray doses. Each of these doses caused an increase or decrease
in yield and yield attributes for these wheat cultivars.
In G155 X Maxipak hybrid wheat, the 10 Krad which increased 100-grain weight, grain
yield/plant and dry weight/plant in F* - M2 generation only. But in Maxipak X G ^ hybrid wheat the
7.5 Krad increased plant height,

100 - grain weight, grain yield/plant and dry weight/plant in both

generations F3 - Mi and F4 - M 2 .
The matrilineal effect was observed in SKeg x Maxipak hybrid wheat with 7.5 Krad which
caused eariienses by about 13 days and high grain yield in F4 - M2 generation only. However, in
Maxipak x SK^ hybrid wheat, 10 Krad caused eariienses about 7 days but with low grain yield in the
same generation.
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INTRODUCTION

Hybridizalion is the famous method used in plant breeding . Gamma irradiation doses
of 5-15 Krad are suitable for inducing greater genetic diversity in wheat and creating mutant
forms with positive properties ( Khokhlova, et al, (1) ; .paladi, (2) ; sigida, (3) ; Yanev, (4) ; . Salam,
(G)

and. Savov, (7) ).

Genetic variability of the plant height and ear length in different hybrid populations, was
recognized by, Abramova, Karlinskii, (8) ; Short stem forms, and the other new formations, were
appeared ( Savov, <7) ).

MATERIA L AND METHODS

A- plant materials
The materials have been obtained from Dr. Falthy M. Abd El-Tawab professor of
Genetics , Fac.of Agric.Ain Shams University. These materials are Maxipak, Giza15s, and
Sakha69 wheat cultivars; and Maxipak X G155> G, 55 X Maxipak , Maxipak X Sakha69; and
Sakha69 X Maxipak F2 hybrid wheat.
Mexican

wheat's

are known as high yielding varieties. These cultivars are

charactarised by their photosensitivity, resistance to diseases, their stability for late irrigation
and would resistance to lodging under high levels of nitrogen fertilizers (Bains el al) <9) .
Gizai 55 wheat cultivar characters are about 110 cm of plant height, 11.9% protein
content, late

heading dale , 45 gm of 1000-KerneI weight, 9.4 Ardeb/Feddan of grains, highly

straw diy weight, stem rust resistance and mid-tolerant to salinity. But sakha69 wheat cullivar is
known to be have 100cm of plant height, 9.9% protein content, earlier, 42 gm of 1000-grain
weight, 13.5

Ardeb /Feddan.of grains, highly straw dry weight, stem rust resistance and

resistance to lodging (Agric. Res. Center, Dep. of Wheat, Cairo) (10) .

B-Methods :

This investigation was carried out at the Nuclear Research Center experimental farm of
the Atomic Energy Authority, Inshas.Dry seeds of three wheat cultivars and its F2 hybrids were
treated with three gamma ray doses (7.5 , 10 and 12.5 Krad ). Irradiated seeds were planted in
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(1992/1993) to produce M, and F3-M, plants. Bulked seeds of each M1 treatment were planted
in (1993/1994) to produce M2 and F4-M2 plants. A randomized complete block design is used in
these experiments .
Yield and its components i.e., plant height , dry weight/plant, earliness, grain yield
/plant and 100-grain weight at harvest time were used to study evaluation of irradiated wheat
populations.

RESULTS AND DISCUSSION

Several traits were chosen to evaluat rediosensilivity of three different wheat cultivars
and their hybrids families.

1-Plant height
The highest stem height was found in Mi for G 1 5 5 , M2 for Sksg with 7.5,10 and 12-5
Krad irradiated treatment. Similar results was found in F3-h/\y ( Table-2) and F4-M2 (Table-3) for
(Maxipak X G i55) and its reciprocal crosses with 7.5 Krad; and in F4-M2 (Table-3) for (Maxipak
X SkGo) with 10 and 12.5 Krad. and its reciprocal crosses with 10 Krad gamma ray treatment .
This agreed with those obtained by , Chadwick and Leenhouts,<11) .who reported that, some
irradiation doses caused stimulation of mitotic cell division and increased the stem height. The
increase in mutant rate with dose was attributed to the inherent capability of wheat to tolerate
chromosome breaks leading to recovery of numerous ear mutations , (Khamankar)'12' .
Maxipak showed shorter plant height than G 155 and Sk 69 (Table -1).The short
stemmed plants are desirable for resistance lodging . The reduction in plant height induced by
gamma rays could be attributed to physiological changes.However the range of variation in
economic caracters of
Kavanzhi et al

(13)

wheat varieties was also increased following gamma irradiation.

, reported that, it is possible to select useful recombinants with a favorable

combination of plant height.

2- Dry weight/plant (Y?):-

G155 wheat cultivar showed the highest dry weight/plant in Mi mutagenic generation
with all doses of gamma ray . In M2 generation, Maxipak showed the highest means with 7.5
and 10 Krad but with 12.5 Krad irradiated treatment Skeg showed the highest means of dry
weight/plant when compared to other irradiated cultivars (Table-1). Similar results was found in
F 3 -M, (Table-2) and in F4-M2 (Table-3) for (Maxipak X Skeg) with 12.5 Krad . While , some
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doses caused a decreament of dry weight/plant in M 2 for Gi 55 and Maxipak with 12.5 Krad, and
In Mi and M2 for Skeg with all doses when compared to other cuitivars (Table-1) . These results
agreed with those obtained by , Salam (8) ; Salah and El-Shoney {U) ; and Mohammad <15) ; who
fount an increase in total dry weight/plant with low gamma ray doses and decrease values with
high doses.

3- Earliness (Y,):-

The earliness was recorded as the period from date of planting to date of appearance
of first ear for wheat cuitivars and its hybrid families.Late heading date was noted in Mi and M3
irradiated generations for G| 55 wheat cuitivars with different doses (Table-1). Similar result was
fount in hybrid family's ( Maxipak X G155) and its reciprocal cross in Fa-Mi generation (Table-2)
and in F«-M2 (Table-3) for (Maxipak X s y
agreement with the data obtained by Salam

hybrid families with 12.5 Krad . These were in
(6)

, Who found that the 7.5, 10 and 12.5 Krad

caused late heading date in M 3 for Sk«, and G )5? wheat cuitivars.
While, earliness was found in M| and M2 for Maxipak with 12.5 Krad (Table-1); and in
F4-M2 (Table-3) for (Sk^ X Maxipak) with 7.5 Krad .The same results were found in Fs-M,
(Table-2) for (Maxipak X G155) with 10 Krad and for Its reciprocal cross with 7.5 and 10 Krad.
These findings agreed with those obtained by Sigida(3>; Salam(6) ; Lu.et al m ; Tedoradze
Volodin, el al

(18)

; Xu, et al

(19)

; Ling and Li ^

; and Al-Janabi, et al

(2t)

(17)

;

who found early

heading date and /or early maturity mutants induced by irradiation in different generations.

4- Grain yield/plant ( Y , ) :

Maxipak showed the highest grain yield /plant in Mi and M 2 with all doses treatment
when compared with Sko and G155 wheat cuitivars (Table-1). Similar results were found in F3M, for (Maxipak X G I K ) and Its reciprocal crosses with 10 Krad (Table-2); and in F<-M2 for
(Maxipak X G155) and (Maxipak X Skeg) with 7.5 Krad (Table-3) compared with respective
unirradiated controls. Also an increase in grain yield /plant was found in F3-M1 (Table-2) and F4M3 (Table-3) for (Sk^ X Maxipak) with all gamma ray doses. The 10 Krad treatment caused an
increase in grain yield /plant for (G15S X Maxipak) in F< - Mj (Table-3).These results agreed with
those obtained by Sigida (3), Salam <6\ Mohammad (15). Xu. et.al, (19) , Ling; and Li (20) , Al-Janabi
et al

<21)

, Logvinenko, et al

R2)

; and Tayel.et al p 3 ) ; who reported an increase of yield after

irradiated dry grains with gamma ray doses . However .the lowest yield was found with 7.5 Krad
and 12.5 Krad for G, 55 in M,. Also Lowest yield was found with 7.5 Krad in M2 and with 10 Krad
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in M, and M2 for Sk69 (Table-1). Similar result was found in F3-M, (Table-2) for ( Maxipak X
Skc9) with 7.5 and 10 Krad compared to respective control values and another hybrid families.
These findings agree with those obtained by Mohammad, et al, (24) , who reported decreased
grain yield/plant in M4 generation .

5- 100-Grain weight fY5):-

Maxipak had highest 100-grain weight at all doses treatment in Mi and M2 compared to
G155 and Sk69 ( Table-1 ). Similar results was found in F4-M2 (Table-3) for (Maxipak X G15s) and
its reciprocal crosses with 10 Krad and for (Maxipak X Sk^) and its reciprocal crosses with 7.5
Krad . This increase is probably due to less compact ear and high assimilate grain during grain
filling which was proposed by Pommer; and oppitz, (25). However, the lowest 100-grain weight
was found with 7.5 Krad in Mi and M2 ; and 12.5 Krad in M, for G155 (Table-1) . Also these
results were found with 10 and 12.5 Krad in M2 for Skgg.wheat cultivar.Similar results was found
in F3-M, (Table-2) for (Maxipak X G, 55 ) with 7.5 Krad and its reciprocal crosses (with 10 Krad)
.The 10 Krad treatment showed significant decrease in F4-M2 (Table-3) for (Maxipak X Ske9)
hybrid families . These were in agreement with data obtained by Mohammad, et al , (24) with 25
and 30 Krad gamma ray doses in M4 generation.

In general, these results show that irradiated hybrid wheat populations using gamma
rays would result in different genotypes which can be used in breeding programs for improving
yield and yield components in wheat.
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Table . (1) Means of plant hight (CM), dry weight / plant (gm). eartiness (days). grain yield/plant (gm)
and 100-grain weight (gm) - at harvest time for two (M1&M2) successive generations of Maxipak.
Giza 155 and Sakah 69 Wheat cultivars irradiated with different gamma ray doses^

ro
oo

Generation Wheat Cutivar Gamma ray
(doses)
control
MI
7.5 Kr
A- Maxipak
10Kr
12.5 Kr
L.S.D
p<0.05
control
7.5 Kr
B- Gizc 155
10Kr
12.5 Kr
L.S.D
D<0.05
control
7.5 Kr
10 Kr
C- Sakha 69
12.5 Kr
D<0.05
L.S.D
M2
control
7.5 Kr
A- Maxipak
10 Kr
12.5 Kr
L.S.D
P< 0.05
control
7.5 Kr
10Kr
B- Gizc 155
12.5 Kr
L.S.D
o<0.05
control
7.5 Kr
C- Sakha 69
10 Kr
12.5 Kr
L.S.D
D<0.05

Plant Height Dry weight/plant
(cm)
72.80±1.50
74.00±1.41
74.80±2.01
79.87±1.05
3.01
72.00±1.22
89.31±0.94
92.67±0.37
92.00±0.96
5.60
85.27±1.03
82.53±1.23
81.77±0.94
82.67±1.41
1.20
78.11±1.24
79.02±2.11
81.40±3.20
77.71 ±2.20
1.95
86.40±0.04
85.50±0.30
84.90±0.17
82.02±1.02
1.44
86.10i0.15
88.00±0.43
87.07±1.02
85.01±0.56
2.38

(gm)
42.40±0.14
42.77±0.31
43.02±0.22
45.0010.15
0.99
41.00±0.12
47.48*0.17
48.24*0.14
47.00iO.20
2.40
40.10i0.17
33.50i0.12
34.6010.14
39.1010.09
1.87
41.0410.14
47.06i0.03
43.0110.12
35.0010.56
1.01
43.65iO.O4
43.84i0.06
41.8010.08
33.7910.05
3.00
38.1510.18
36.14i0.20
32.17tO.31
37.9910.18
3.22

Eariiness
(days)
91.00±1.62
89.20l2.03
88.80l3.00
87.9311.90
1.20
93.1311.91
102.94lO.80
99.30i0.72
100.1311.96
4.34
86.7312.82
92.9411.20
87.7611.74
90.06±2.04
2.57
88.7111.04
91.0513.00
93.00i2.10
87.90iO.78
1.80
90.14t1.11
92.41i2.12
93.1510.92
99.1210.79
1.11
88.36i3.00
92.17i1.30
89.40i1.84
90.50±2.11
2.10

Grain yield/plan 100-grain weight
(gm)
37.2010.30
36.7010.10
36.9110.10
36.78lO.31
0.17
27.7110.50
23.09i0.30
25.2110.10
21.1810.11
1.02
28.6610.21
27.1310.33
21.8810.44
24.6010.10
2.33
32.37i0.05
33.5010.03
39.0010.08
30.1410.06
1.01
33.2310.04
32.3210.07
35.1010.05
30.0010.09
1.05
30.1110.22
28.1310.31
24.71i0.11
25.6210.62
1.47

(gm)
4.7310.03
4.71i0.06
4.6810.04
4.6610.28
0.22
3.8110.03
3.2710.02
3.5610.04
3.0010.05
0.14
4.1010.04
3.8710.03
3.1310.05
3.4710.01
0.67
4.2610.08
4.4510.09
3.9910.05
4.3010.04
0.07
3.5510.05
3.6710.01
3.8110.04
3.5810.06
0.09
4.0010.12
3.7810.02
3.1410.04
3.3510.05
1.01

I
|
I
|
\
I

Table. (2) Means of plant hight ( cm), dry weight / plant (gm), eariiness (days), grain yield/plant (gm)
and 100-grain weight (gm) - at harvest time for (F3- MM) successive generations of irradiated
hybrid wheat population.
Gamma ray
doses

Plant Height
(cm)

IV- Sakha 69 X Maxipak

control
7.5 Kr
10 Kr
12.5 Kr
P<0.05
control
7.5 Kr
10Kr
12.5 Kr
P<0.05
control
7.5 Kr
10Kr
12.5 Kr
D<0.05
control
7.5 Kr
10Kr

78.53±0.61
82.83±0.72
80.58±0.73
81.53±1.20
1.99
91.52±1.87
87.07±1.77
80.58±0.73
81.53±1.20
2.31
77.20±0.56
79.47±1.33
78.53±1.73
80.13±0.69
1.08
76.13±1.46
75.93±0.50
83.00±1.20

LS.D

12.5 Kr
P< 0.05

73.73±0.73
1.99

Hybrid Wheat

I- Maxipak X Giza 155

LS.D

II- Giza 155 X Maxipak
LS.D

ffl- Maxipak X Saka69
L S. D

Dry
weight/plant
(gm)

Eariiness (days)

33.94±0.76
101.00±1.62
39.64x0.81
99.70±0.71
34.85±0.52
92.82±1.18
35.00dfc0.60
100.13±1.95
4.02
2.02
88.60±1.49
38.13±0.48
36.77±0.67
91.56±2.28
35.00±0.70
92.82±1.18
37.00±0.54
100.13±1.95
2.42
1.70
96.33±1.14
30.00±0.88
93.60±1.36
29.00±0.31
96.00±0.90
25.64±0.68
94.89±0.34
37.14±0.48
1.94
3.00
24.70±0.84
89.20±2.03
31.89±0.65
90.53±3.00
31.40±0.58
94.53±1.80
35.00±0.28
92.27=2.00
3.42
I
2.42

Grain
yield/plant
(gm)

100-grain
weight (gm)

21.38±0.05
24.47±0.10
.26.48±0.13
24.13±0.09
2.11
24.40x0.80
23.94±0.50
28.48±0.13
24.13±0.09
3.10
26.43±0.50
21.16±0.30
21.28±0.11
23.70±0.12
1.02
20.62±0.40
25.32±0.20
24.69±0.10
25.06±0.15
2.86

3.00±0.03
2.70±0.02
3.61±0.05
3.38±0.04
0.67
3.47±0.02
3.37dtO.O6
3.61±0.05
3.38±0.04
0.94
2.89±0.04
2.98±0.03
3.01=0.05
3.34=0.02
0.73
3.92=0.01
3.58=0.03
3.49=0.02
3.54 ±0.04
0.57

Table. (3) Means of Plant height (cm), dry weight / plant (gm), eariiness (days), grain yield/piant (gm)
and 100-grain weight (gm) - at harvest time for (F4 -M2) successive generations of irradiated
hvbrid wheat population.
Hybrid Wheat

I- Maxipak X Giza 155

L.S.D

n- Giza 155 X Maxipak

L. S. D

m- Maxipak X Sakha 69

LS.D

IV- Sakha 69 X Maxipak

L. S. D

Gamma ray
doses

Plant Height
(cm)

dry
weight/plant
(gm)

earliness (days)

grain
yield/plant
(gm)

100-grain
weight (gm)

control

78.30±1.26

31.40±0.14

90.00±1.10

23.90±0.34

3.57±0.03

7.5 Kr

90.20±2.10

38.00±0.81

87.30±0.78

31.00±0.21

3.05±0.03

10 Kr

85.00±1.81

30.50±0.15

92.80±2.00

28.00±0.05

3.88±0.02

12.5 Kr

89.60±2.05

26.00±0.22

91.03±1.04

26.65±0.18

3.78±0.03

P<0.05

1.62

1.99

1.44

2.32

0.51

control

105.00±2.14

35.70±0.17

84.90±1.05

27.90±0.17

3.65±0.05

7.5 Kr

92.00±1.98

3€.50±0.15

85.50±0.95

28.10±0.12

3.23±0.02

10 Kr

88.50±1.18

37.00±0.16

83.40±0.88

30.40±0.24

3.97±0.02

12.5 Kr

90.40±2.00

25.00±0.12

8S.00±0.68

25.10±0.28

3.65±0.03

P<0.05

5.26

2.00

1.73

3.22

0.47

control

85.1U1.51

35.50±1.62

96.1U1.61

30.00±0.25

3.51±0.13

7.5 Kr

106.11±3.11

39.50±2.55

97.67±1.70

32.88±0.98

3.80±0.08

10Kr

102.22±2.25

31.50±1.51

89.86±1.89

28.44±0.15

2.97±0.08

12.5 Kr

111.10±3.10

49.50±2.51

104.40±3.44

28.74±0.35

2.69±0.03

D<0.05

4.85

3.33

2.66

1.32

0.33

control

84.88±1.87

32.50±0.45

91.50±1.50

24.10±0.28

3.03±0.02

7.5 Kr

84.70±1.47

31.50±0.25

78.66±0.E5

27.29±0.26

3.80±0.08

10 Kr

111.50±3.40

34.00±2.40

104.70±2.74

28.95±0.94

' 3.32±0.02

12.5 Kr

82.40±2.24

29.00*1.40

9S.33±2.20

29.12±0.29

3.29±0.02

'

°< 0.C5

7 41

0.19

:

4 42

3.39

1.11

\

j
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EG9601854
INFLUENCE OF STRESS CONDITION ON IRRADIATED
WHEAT ( TRITICUM AESTIVUM L.)

T.Z. SAUNM

Plant Res. Department, Nuclear Res. Centre, Atomic Energy Authority Inshas, Egypt.

ABSTRACT

This study was carried out from 1992 to 1994 in the Plant Research Department,
Nuclear Research Center, Atomic Energy Authority , Inshas and In the Department, of
Genetics, Faculty of Agric, Ain Shams Univ. It aimes to study genetic improvement in some
growth characters i.e., shoot length .shoot dry weight, and flag leaf area at 4, 8 and 12 weeks
age from planting under salt conditions for three mutagenic generations ( M , , ! ^ and M3) after
treatment of dry grains of SKeg wheat cullivar with 7.5,10 and 12.5Krad gamma ray doses.

Results of these experiments showed that the most suitable mutagenic dose was 7.5
Krad gamma rays which caused improvement in stress tolerance for SK69 wheat cuitivar by
increasing Ihe growth of plants under salinity treatment .The highest mean of flag leaf area,
shoot length and shoot dry weight were shown with 7.5 Krad gamma ray treatment in M3
mutagenic generation at 8 and 12 weeks age .
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INTRODUCTION

The Nile Delta is known with its salt-affected soils, Elgabaly, et al, ( 1 ) . The effect of
salinity on plants are enormous. However, field crops differ in tolerance to salinity ( Khadr, et al
(2)

; Weimber Ralph

(3)

.-Ibrahim (4) ; Mohammad (5) ; and Salam ( 6 ) ; ) on some wheat varieties.

Screening wheat genotypes could be done on one generation for identifying salt resistant
genotypes, Kingsbury, and Epstein <7). Some important characters which relate to salt
conditions were studied after treatment of dry grain of Sakha^ wheat cultivar with 7.5, 10 and
12.5 Krad gamma ray doses; the studied characters were:-flag leaf area, shoot length and
shoot dry weight at 4, 8 and 12 weeks age under salt condition.

MATERIAL AND METHODS

This experiment was performed in winter 1993/1994 in sandy culture at the Agricultural
Experimental Farm of Genetics, Fac. of Agric. Ain Shams Univ., in Shoubra El-kheima.

Three mutagenic generations (Mi, M2 and M3) of the bread wheat cultivar Sakha6g
(Skc9) were grown from 1991 to 1993 in the Agricullural Experimental Farm at the Nuclear
Research Center of the Atomic Energy Authority, Inches. The irradiation treatments were 7.5 ,
10 and 12.5Kr.

The irradiated grains as well as unirradiated in Mi, M2 and M3 generations were put to
germinate in pelri dishes in water. Three days old seedlings were irrigated with half-strength
nutrient solution (1 Hoagland : 1 water)according to Johnson, et al, <8) . One week later, seedlings
were transplanted to plastic pots ( 5 0 1 . each) filled up to 5 cm from the top with washed sand,
20 plant/pot and placed in the green-house in a split-pot design. Salinity treatments were
started one week after transplantation by adding 5 g/L NaCI to the nutrient Solution. Therefore,
salinity treatments used in this experiment were 0 (non-saline Hoagland control treatment) and
5 g/L NaCI in Hoagland solution. All pots (saline as well as the control) were washed with water
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after every five irrigation's. Therefore, the measure of electrical conductivity (EC) values (ElSherbieny. et al

(9)

)was not needed in this experiment.

Random samples (four plants from each) were chosen in the three vegetative stages 4,
8

and 12 weeks from planting. Flag leaf area, shoot length and shoot dry weight were

measured in the three stages.

Statistical analysis were measured according to SAS computer program, general linear
Models procedure, SAS (10)

RESULTS AND DISCUSSION

Data were taken al 4 , 8 and 12 week stage. Mean ± standard errors (x ± SE) in the
three mulagenic generations for Sakha 69 wheat cullivar (SK69) under Saline and non saline
control conditions was determined.
Gamma ray doses (D) and salinity (I) had insignificant effects on shoot length and
shoot dry weight; but they showed significant effect on flag leaf area. While generations
showed significant effects on flag leaf area and shoot dry weight. Dose X irrigalion, Dose X
generation and irrigalion X generation interactions were insignificant for all studied characters.

1-Flaq leaf area (vil:

Flag leaf aiea (y,) In table (1) showed the highest mean In M1f M 2 and M 3 generations
with 7.5 Krad at 12 week age under saline condition. While 10 Krad showed lowest flag leaf
area in all generations and in all stages. These findings agreed with Petrovic, et al, (11) who
found shortening of first three leaves afler treatment of dry seeds with gamma ray doses
ranging from 1 to 20 Krad.
The mean values of flag leaf area showed significant decrease under saline condition
when compared with non saline condition with most of the radiation doses and mutagenic
generations. These findings were in agreement with (he results obtained by , Salam (6) ; Bernal,
et a l ( 1 2 ) ; and Hassan <13). On the other hand, a significant increase was found in Mi, M 2 and M 3
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with 7.5 Krad at most of ages. This might indicate the induction of salt tolerance genotype with
this dose of radiation treatment.
2-Shoot length (v>l:-

Shool length averages, (Table-2) showed significant variance under both saline and
non saline (control) conditions with most of the radiation doses and mutagenic generations for
Sk 69 wheat cultivator at 4, 8 and 12 week age. These findings agreed with Sharabash et al, l U ) ;
and Sharabash

(15)

; in barley and Salam (6) ; who found significant increase in shoot length for

SKe wheat cultivarwilh 7.5 Krad and forG

157

wheat cultivarwith 12.5 Krad gamma ray doses,

at 8 weeks stage.

The mean values of shoot length showed significant decrease under saline condition
when compared with non saline condition in the most of radiation doses and mutagenic
generations for SK 6g at three stages of growth. Growth rate showed a decrease with increasing
gamma ray doses in M,, M2 and M 3 at 4, 8 and 12 week age forSKeg wheat cultivar. These
finding were in agreement with those obtained by Salam (6) ; Kishk.et al, ( 1 6 ) ; Hefni, et al ,<17);
and Francois, et

al

<18)

. Growth reduction may attributed to drastic changes in the ion

relationships of wheat Greenway

(19

\ On the other hand significant increase was noticed in all

mutagenic generations with 7.5 Krad at most stages (Table 2).This increase would probably
indicate to an increase in salt tolerance with 7.5 Krad treatment for SK69 wheat cultivar.

3-Shoot dry weight (y 3 ):
In table (3), Most stages showed an increase in shoot dry weight under saline condition
with 7.5 Krad gamma ray dose for Mi, M 2 and M 3 mutagenic generations But the other doses
caused an increase and/or decrease in shoot dry weight under the same condition. These
results are in harmony with those obtained by Salam,
Sharabash,

(15)

(6)

; Sharabash, et al

(14)

; and

; in wheat. They found that gamma ray doses (7.5, 10 and 12.5 Krad) decreased

shoot dry weight in M ( and M 3 for SK 8 and in M,, M2 and M 3 for G, 5 7 . While, all mutagenic
doses for SKe increased it under saline condition in M2 generation.

Shoot dry weight showed significant decrease under saline condition when compared
with non slain condition al the most of the radiation doses and mutagenic generations. These
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Table . (1) Means of flag leaf area (cm2) (y1) at 4,8 and 12 weeks age - for three successive generations of Sakha 69
wheat cultivar after irradiated the grains with different gamma ray doses and developed under salt treatment .
8 Weeks

4 Weeks

generations

age

salt cone
g/L
0
Ml

5

0
M2

5

0

M3

I

5

Okrad

7.5kr

10kr

12.5kr

3.738
±0.50
DBB
6.891
±0.41
BAA
5.326±
0.44
AAA
5.913±
0.35
AAB
5.329 ±
0.64
BAA
2.987 ±
0.56
ABC

10
±1.50
AAA
3.143±
0.23
CBB
2.321 ±
0.13
DBC
4.351 ±
0.93
BAA
5.158±
0.51
BAB
2.409 ±
0.14
BBC

4.14
±1.28
CAA
1.697±
0.69
DBB
4.818±
0.65
BAA
2.197±
0.20
DBA
2.172±
0.18
DAC
2.121 ±
0.21
CAA

5.14
±0.45
BBB
7.008 ±
2.15
AAA
3.27O±
0.25
CAC
4.380 ±
0.52
BAB
6.862±
1.08
AAA
2.540 ±
0.16
BBC

1 - differances among doses .
2- " between irrigations .
3- " " among generations .

Okrad

7.5kr

4.09
8.760 ±
2.19
±0.50
AAA
CBC
7.665 ± 6.315±
1.35
2.48
BAB
AAA
5.840 ± 5.340 ±
0.53
0.78
CBB
CBB
7.008 ± 6.132±
1.55
1.35
BAB
AAA
4.745± 6.023 ±
1.17
1.04
CCA
DAC
5.548 ± 8.234±
2.^4
0.74
BAA
CAB

12 Weeks

10kr

12.5 kr

6.10
±1.07
BAC
3.592 ±
0.95
DBC
9.454 ±
1.65
AAB
7.884±
1.95
ABA
11.8
1.65
AAA
2.606 ±
0.63
DBC

3.2
±1.09
DAC
4.928 ±
1
CAC
3.614*
1.1
DAC
4.745 ±
1
CAC
9.034 ±
1.9
BAA
9.767 ±
1.6
AAA

Okrad

7.5 kr

10 kr

11.2
7.125± 3.796±
±2.74
1.38
0.67
AAB
DAC
BBC
9.928 ± 9.454 ± 3.738 ±
1.92
1.75
0.78
ABB
AAB
DAC
12.410± 12.556 ± 18.907 ±
5.84
2.42
2.55
AAA
CAA
CAA
7.410± 6.410± 4.380 ±
1.98
2.04
0.54
ABC
BBC
DBC
13.140± 6.899 ± 3.942 ±
2.54
1.66
0.92
AAA
CBC
DBC
10.848 = 17.104± 8.176±
6.13
1.88
3.44
CBA
AAA
DAA

12.5 kr

|

11.388 ± |
2.74

AAB
8.760 ±
2.03
BBB
16.352±
4.65
BAA
5.519±
0.64
CBC
6.351 ±
1.55
CBC
10.22±
2.00
CAA

jj

|

Table . (2) Means of shoot length (cm) iy2) at 4,8 and 12 weeks age - for three successive generations of Sakha 69
wheat cultivar after irradiated the grains with different gamma ray doses and developed under salt treatment .
8 Weeks

4 Weeks

12 Weeks

generations

age

salt cone

0
Ml
5
CD

0
M2
5

0
M3
5

0 krad

7.5 kr

10 kr

12.5 kr

0 krad

7.5 kr

10 kr

12.5kr

0 krad

7.5 kr

10 kr

12.5 kr

23.20 ±
2.42
DBA
32.00
3.10
AAA
22.50
2.25
BBA
30.00 ±
2.94
AAB
23.20 ±
2.12
ABA
28.80±
2.89
AAC

34.00 ±
3.41
AAA
23.50±
2.23
DBA
18.801
1.18
CBC
22.70 ±
1.98
CAA
22.00 ±
2.24
AAB
16.70±
1.76
DBC

23.6 ±
2.00
OAA
23.20 ±
1.98
DAA
23.00 £
2.40
BAA
21.00±
1.28
CBB
16.40±
1.76
CBC
19.20±
1.29
CAB

25.80±
1.98
CBB
33.00 ±
4.00
AAA
27.50 ±
2.57
AAA
20.80 ±
2.10
CBC
24.10±
2.51
AAB
24.40 ±
2.65
BAB

35.00 ±
6.27
ABA
43.00 *
4.38
AAA
34.00 ±
5.69
AAA
32.00±
3.67
AAC
32.00 ±
4.14
ABB
40.10 ±
6.02
AAB

32.00 ±
3.94
BAA
31.00±
2.52
CAA
25.00 ±
3.24
CBC
33.000 ±
6.5
AAA
29.40 ±
1.92
BBB
32.15±
3.35
CAA

34.50±
7.08
AAA
27.00±
3.79
D8B
30.00 ±
5.04
BBB
35.00 ±
3.52
AAA
22.5O±
2.61
DBC
25.30±
2.68
DAB

29.00 ±
3.7
CBB
35.00 ±
3.2
BAB
31.00±
4.8
BAA
15.30±
1.2
DBC
32.00 ±
4
ABA
38.80 ±
7.1
AAA

45.00±
6.54
BBA
48.00 ±
5.75
AAB
46.50 x
5.17
CAA
38.10±
8.10
ABC
44.14±
6.16
ABA
51.50±
7.17
AAA

43.00 ±
4.92
BBA
46.50 ±
4.76
AAA
43.20*
7.08
DAA
36.00 ±
3.94
ABC
45.10±
5.30
ABA
47.00 ±
6.13
BAA

34.50 ±
7.08
CAC
34.50 ±
3.56
DAA
54.50 ±
8.41
AAA
31.00±
3.71
CBB
31.90±
5.10
CBC
35.19±
4.17
DAA

49.00 ±
5.94
AAA
40.50 ±
5.40
BBB
41.50±
4.67
DAB
29.00 ±
2.82
CBC
31.31 ±
2.91
CBC
49.50 ±
5.13
AAA

1 - differances among doses .
2"
between irrigations
3"
among generations .

Table . (3) Means of shoot dry weight (gm) (y3) at 4,8 and 12 weeks age - for three successive generations of Sakha 69
wheat cultivar after irradiated the grains with different gamma ray doses and developed under salt treatment .

generations

salt cone
g/L
0

Ml

5

0
M2

5

0
M3

5

8 Weeks

4 Weeks

age

12 Weeks

0 krad

7.5 kr

10 kr

12.5 kr

Okrad

7.5 kr

10 kr

12.5 kr

Okrad

7.5 kr

10 kr

12.5 kr

0.667 ±
0.02
BAA
0.583±
0.04
ABA
0.671 ±
0.02
AAA
0.581 ±
0.1
ABA
0.677 ±
0.06
AAA
0.549 ±
0.11
ABB

0.683 ±
0.06
AAA
0.585 ±
0.05
ABA
0.649 ±
0.01
BAB
0.543 ±
0.05
DBB
0.657 ±
0.07
CAB
0.537 ±
0.06
BBB

0.668 ±
0.07
BAA
0.572±
0.02
BBA
0.648 t
0.03
BAB
0.545 ±
0.03
DBB
0.555 ±
0.04
CAC
0.546 ±
0.06
AAB

0.551 ±
0.04
CAC
0.585±
0.06
AAA
0.569 ±
0.12
CAB
0.549 ±
0.01
CAB
0.681 ±
0.07
AAA
0.549 ±
0.05
ABB

1.134±
0.10
CBC
1.157 ±
0.09
CAB
1.146 ±
0.03
AAB
1.109±
0.05
CBC
1.157 ±
0.03
CBA
1.172±
0.21
AAA

1.125±
0.05
CAA
1.134±
0.03
CAA
1.088±
0.02
DAC
1.094±
0.03
DAC
±
0.02
DBA
1.144 ±
0.10
BAA

1.189 ±
0.03
AAA
1.109 ±
0.05
DBB
1.139±
0.06
AAC
1.146 ±
0.14
AAA
±
0.01
CAB
1.079±
0.05
DBC

1.107 ±
0.1
DBC
1.210±
0.1
AAA
1.124 ±
0
BAB
1.098i
0.10
DBB

1.738±
0.06
BAA
1.745±
0.07
AAB
1.707 ±
0.09
BAC
1.643 ±
0.10
BBC
1.717±
0.11
ABB
1.814±
0.06
BAA

1.684±
0.04
BAB
1.749±
0.10
AAB
1.704 ±
0.11
BAA
1.669±
0.12
ABC
1.7O6±
0.14
BBA
1.869±
0.13
AAA

1.620±
0.02
CAB
1.631 ±
0.02
BAA
1.792±
0.15
AAA
1.587±
0.01
CBB
1.627±
0.02
DAB
1.565±
0.12
DBC

1.761 ±
0.03
AAA
1.644 ±
0.09
BBB
1.618±
0.12
CBC
1.678±
0.02
AAA
1.679±
0.04
CAB
1.638±
0.11
CBB

1 - differances among doses .
2"
between irrigations
3"
among generations .

0
AAA
1.067 ±
0.2
DBC

findings were in agreement with those obtained by Ibrahim ( 4 ) ; Salam, ( 6 ) ; and ; El- Fouly and
Jung

(20)

. The differences in shoot dry weight among mutagenic generations were insignificant

for SK69 cultivar under saline condition with all doses.
In general, presowing exposure of grains to gamma irradiation caused induced stress
tolerance in wheat plants by improved the growth behavior.
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STERILITY AND MATING C0MPE1. TIVENESS OF MALE
CERATITIS CAPITATA AS AFFECTED BY GAMMA RADIATION
AND DIMETHOATE INSECTICIDE
A.M. WAKID, N.M. HELMY , A. M. FADEL AND E.A. EL-AKHDAR

Biological Applications Department, NRC, Atomic Energy Authority,
Cairo, Egypt
Entomology Dept., Faculty of Science, Zagazig Univ., Benha ) , Egypt

ABSTRACT

In the present work, the effect of pupal gamma irradiation (50, 70,
90 Gy) or adult treatment with dimethoate insecticide (0.93 ppm) on
the male sterility and mating competitiveness of the medfly, Ceratitis
capitata (Wied.) was studied.
Results indicated that treatment of the adult medfly with dimethoate
had no clear effect on the male fertility whether males were mated with
treated or normal females. However gamma irradiation decreased drastically the hatchability of eggs laid by normal or treated ( Dimethoate ) females, when mated with irradiated males at all gamma doses.
This reduction in egg hatchability increased with increasing the
gamma dose.

Irradiated females did not lay eggs at any of the gamma

doses tested. At all combinations, the male mating competitiveness decreased especially when irradiated males were allowed together with treated males to mate with normal or treated females. The highest male mating

competitiveness values were recorded when irradiated or irradiated
treated males were allowed together with normal males to mate with
treated females (0.89 and 0.90, respectively). However, the lowest values
were recorded when irradiated or irradiated treated males were allowed
together with treated males to mate with normal females (0.20 and 0.49,
respectively).

INTRODUCTION

Research on developing sterile insect technique ( SIT) should involve
investigations to reduce as possible natural populations before contemplating the use of this method. A high level of suppression by chemical
means may be possible in a well coordinated program. In Egypt, Dimethoate has been used for the medfly chemical control.
A series of laboratory experiments were performed on the medfly
to determine the effects of applying SIT programme after population suppression with Dimethoate.

MATERIALS AND METHODS

Medflies were reared in the laboratory at 25± 2 °C on the usual local
synthetic medium. Pupal irradiation was carried out using a Co - 60
gamma cell unit with a dose rate of about 2.4 Gray / minute during the
experimental period. Dimethoate ( 40 % ) was used as an adulticide at a
concentration of 0.93 ppm applied as a dry film sprayed on the inner surface of the jars. Newly (1-24 h) emerged adults were introduced to the jars
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and kept for 24 hours at 25± 2°C. The still living adults were then used for
the present experiments . Combined effect on the male mating competitiveness was achieved by irradiating full grown pupae with 90 Gy then the
emerged adults were exposed to dimethoate for 24 hours . Mating competitiveness values as well as the expected egg hatch were calculated according to Fried (^ for the ratio 3:1:1 ( irradiated, I or irradiated treated, IT
males : normal, N or treated, T males: normal or treated females.

RESULTS AND DISCUSSION

Fig. (1) shows the effect of treating males with Dimethoate
(0.93 ppm) on the egg hatchability when mated with females treated
(Dimethoate) as adults or irradiated in the pupal stage with 50, 70 or
90 Gy . It is clear from the figure that hatchability of eggs laid by normal
females mated with treated males was not affected . Moreover , there was
no signifecant difference in the percentage of egg hatchability when treated
males were mated with treated females . The data show also that when
irradiated or irradiated treated females were inseminated with normal or
treated males no egg laying was observed .
Fig . (2) illustrates egg hatchability of normal , treated and irradiated
treated females when mated with irradiated males . When irradiated males
mated with normal females the hatchability of the laid eggs significantly
decreased at all gamma doses used . Similar significant decrease in egg
hatchability was recorded when treated females were inseminated with
irradiated males. Again irradiated and irradiated treated females did not
lay eggs when they were inseminated with irradiated males.
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FIG. (1) :

Effect of treating adult males of Ceratitis capitata with Dimethoate
(0.93 ppm) on egg hatchability when mated with normal, treated
(Dimethoate), gamma irradiated (as pupae) or irradiated treated famales.
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FIG. (2) :

Effect of irradiating males (as pupae) of Ceratitls capitata with
gamma radiation (50, 70, 90 Gray) on egg hatchability when mated
with normal, treated (Dimethoate), irradiated (gamma) or irradiated
treated famales.

The present results on the effects of radiation on male fertility agree
with those obtained on the medfly by authors working on the same subject
(e. g. Mellado et al. (2) , Hooper (3) , Schroeder et a! . (4) , Wakid(5),
....etc.). However, the pressent results on the effect of dimethoate on egg
hatchability disagree with those obtained by other workers using different
insecticides (e. g. Albrecht and Sherman ^\ on the medfly using avermectin, Selim et_ al_. ^\ on Spodoptera littoralis Boisd., using fenvalerate). Also, the present results on the combined effects of radiation
and insecticides are different from those obtained by Hafez et al- ^\ on
Culex pipiens L. using malathion in the larval stage, and Selim et al ^\ on
Spodoptera littoralis using LD - 10 of fenvalerate. These results indicated a reduction in egg hatchability caused by the combined effect of radiation and the insecticide.
Figs. (3 and 4) show the separate and combined effects of gamma
radiation (90 Gy) and dimethoate (0.93 ppm) on the mating competitiveness of the irradiated (1) or irradiated treated (IT) males , as percentages
observed and expected egg hatch , when allowed to mate with irradiated (I)
or normal (N) males to compete with normal or treated females at the population ratio of 3 : 1 : 1 (I or IT a: N or T a : N or T Q ) . From the results
presented in Fig. (3) it appears that when irradiated and treated males compete with each other to inseminate normal females the observed egg hatch
was higher than that when irradiated males compete with normal males.
The competitiveness value was assessed as 0.20 for the former and 0.62 for
the latter case. Moreover, when irradiated treated males compete with
treated males to inseminate normal females, the egg hatchability was
slightly higher than that when they were competing with normal
males. The competitiveness values were, 0.49 and 0.56, respectively.
The data presented in Figure (4) show the same

competing

populations, in presence of treated females instead of normal females. It
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COMPETING MALES TO INSEMINATE NORMAL FEMALES
FIG. (3) :

Separate and combined effect of gamma radiation (90 Gray) and
Dimethoate (0.93 ppm) on male mating competitiveness when confined with normal females.

was found that when irradiated males competed with treated males to
inseminate treated females, the egg hatch was higher than when competition took place between irradiated males and normal males showing competitiveness values of 0.60 and 0.89, respectively. When irradiated treated males were in competition with treated males to inseminate
treated females, the competitiveness value was 0.67, while it was 0.90
when normal males were competing with irradiated treated males for mating with treated females.
Competitiveness of irradiated (sterile) medfly males was investigated
by several authors (e. g. Chambers et al. ^ \ Holbrook and Fujimoto ' \
Hooper (3) , Katiyar < n ) , Wakid ( 1 2 ) , Hashem e t _ a i . ( 1 3 ) . All these
authors agreed that male mating competitiveness was reduced by gamma
radiation especially when high doses were applied. This result was similarly arrived at in the present study. However , a little attention has been
paid for studying the mutual effects of insecticides and gamma radiation on
the competitiveness of sterile males. For example , Wakid gt al., ^ ^ ,
came to the same conclusion arrived at in the present work. They found
that the mating competitiveness of Culex pipiens males decreased significantly especially at high doses of gamma radiation and at high concentrations of Malathion larvicide . However, Ahmed ejt aj. ^^, recorded that sterile males treated with LC - 50 Baygon or Sumithrin and
irradiated with 400 Gy were fully competitive , a result which is quite different from ours .
Generally the data indicate that the egg hatchability of all the competing populations was higher than expected which means that competitiveness of male medfly was affected by both radiation and dimethoate when
applied separately or in combination. Moreover, comparing the mating
competitiveness of males inseminating normal or treated females showed
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COMPETING MALES TO INSEMINATE TREATED FEMALES
FIG. (4) :

Separate and combined effect of gamma radiation (90 Gray)
and Dimethoate (0.93 ppm) on male mating competitiveness
when allowed to mate with treated females.
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significant differences between both cases at all combinations except when
irradiated and treated males were in competition. This result shows that
males treated with 0.93 ppm Dimethoate were more competitive than untreated males against irradiated or irradiated treated males whether for mating with normal or treated females. The result seems unreasonable unless
if we assume that males resisting the effect of low doses of insecticide thus
escaping mortality should be stronger than untreated males. The difference
between the mating competitiveness of irradiated and treated males in inseminating normal or treated females was highly significant.

In other

words the presence of treated females increased the competitiveness values of the irradiated treated males at all combinations than when normal females were present.
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ABSTRACT

Full grown pupae of the cotton leafworm
Spodoptera
littoralis (Boisd). were exposed to substerilizing doses of
100, 200 or 300 Gy of gamma radiation. The changes in nucleic
acids content (RNA & DNA) of irradiated pupae, after 24 hours
from irradiation, and also in 3 days old adults resulting
from irradiated pupae were investigated.
The total nucleic acids content in either pupae or
adults was progressively reduced as the dose was increased.
The reduction of both RNA & DNA in females was greater than
in males. DNA was more radiosensitive than RNA.
The
destructive action of irradiation on nucleic acids was more
pronounced in adult stage. Irradiation increased the RNA/DNA
ratio than control at all treatments except for female pupae
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at 200 Gy.
INTRODUCTION
Lepidopterous speices which have been evaluated for the
effects of irradiation require relatively high doses (300 600
Gy)
of
radiation
to
induce
sterility.
Mating
competitiveness and longevity are adversely affected by
sterilizing doses, but competitive moths will result when
doses are substerilizing North'1'. Moreover, 'individuals'
treated at substerilizing doses produce offsprings which are
nearly or completely sterile12-3'.
Among all lepidopterous species, the cotton leafworm S.
Littora.Ha is the most important pest of cotton in Egypt.
Some efforts have been carried out to introduce the sterile
male technique in the control of the cotton leafworm. First
filial generation of this insect resulting from adult males
treated with substerilizing doses of gamma radiation
exhibited various degrees of sterility. Sallam and Ibrahim'4'
reported that the cotton leafworm males irradiated by low
doses of 100 or 150 Gy were fully competitive and the same
trend was true among Fx. males.
The application of classical cytogenic and modern
molecular biology techniques offers considerable promise in
improving sterile insect technique and for developing methods
of autocidal control. However, these newer techniques are
unlikely to realize their full potential if they are not
developed hand-in hand with the more traditional techniques
of physiology, biochemistry, behaviour and ecology.
The aim of this research is to study the changes in the
nucleic

acids

content

of

the cotton leafworm

induced by

irradiation in the hoping to utilize such data in genetic
approaches to insect control.

MATERIAL AND METHODS
The mass culture of the cotton leafworm used in this
study has been maintained in the laboratory of Radiobiology
Department, NRC, Atomic Energy Authority at Inshas. Larvae
were fed on fresh castor oil plant leaves. Both male and
female mature pupae (48 hours before emergence) were
irradiated using a gamma cell (S0Co - source) that had a dose
rate of approximately 4.18 Gy/min. The irradiation doses used
were 100, 200 or 300 Gy. The experimental conditions
throughout the study were 25-32 °C and 60-70% R.H.
Nucleic acids were determined for either male or female
pupae 24 hour after irradiation and in 3 days old adults.
Nucleic acids (RNA & DNA) were extracted according to the
method described by Ogar and Rosen(5), with an essential
suggested modification to use cold ethanol ether (3 : 1)
instead of boiled mixture at the step of lipids removal to
prevent extraction of carbohydrates which can interfer with
RNA determination and to prevent hydrolysis.
The concentration of RNA and DNA were calculated as
micro mole ribo or desoxynucleic acids per gram fresh weight.
Three replicates were performed for each treatment.

RESULTS AND DISCUSSION
The changes in the RNA and
DNA content of the
irradiated male or female pupae 24 hour after irradiation and
also the changes in 3 days old male or female adults produced
from irradiated full grown pupae were investigated.
Table (1) shows the effect of 100, 200 and 300 Gy on the
nucleic acids content in irradiated samples as compared to
control. The ratio between RNA to DNA was calculated for each
treatment, and the relative variation of RNA/DNA in
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Table (1): Nucleic acids content of the pupae and adults of Spodoptera littoralis
(Boisd) irradiated as full grown pupae with gamma rays.

RNA
Doaea

DNA
Adults

Pupae

Pupae

Adults

(ay)
Mala
U.mole/g
wet body
100

200

300

0

10 .550

Male

Female

Mean

Male

Female

Mean

12.501 11.525

7.738

11.683

9.710

2 .889

2.668

2.778

8.932

17.434

13.182

8.634

15.031

6 .653

10.626

8.639

2 .824

2.605

Female

Mean

Reduction than
control (%)

1.457

13.145

U.mole/g
wet body

9 .662

10.922 10.292

7.301

Reduction than
control (%)

9 .75

24.115 16 .932 21 .702 24.904

U.mole/g
wet body

9 .464

10.086

23.303

6 .497

9 .546

8.021

Reduction than
control (%)
11.601 29.924 20 .762 23.538

32.S37

28.037

14.393 12 . 549 8 . 497 14 .150

11 .323

U.mole/g
Wet body

10.706

9 .775

Male

2.677

2.325

13 .863

24.267

2 .198

2.157

28 .526 31.942

30.234

29 .739

3 . 140

3 .151

3 . 070

2 .260

3 .162

2.137

2.847

2 .762

11.832 12.801 22.929 17.865

2 .714

10 . 689 17.038

Female Mean

2.577

2 .451

30.238 27.252

2 .213

2 .185

40 . 092 34.911

3 .694

3 .382

irradiated sample compared
tabulated in Table (2).

with

unirradiated

one

was

The obtained data indicated that irradiation of pupae
decreased the amount of both RNA and DNA for pupae and
adults. The magnitude of effect varied according to the
applied dose, sex, stage and type of nucleic acids estimated.
In general, the effect was gradually increased with
increasing the gamma dose. The amounts of RNA and DNA were
gradually decreased by increasing the irradiation dose 100 Gy
to 300 Gy.
Data
revealed
that,
sex
has
a
role
in
the
radiosensitivity of nucleic acids, where RNA and DNA in pupal
and adult females proved to be more radiosensitivite than in
males.
Data presented in Table (2) showed that, irradiation in
general increased the RNA/DNA ratio than that of the control
with both investigated insect stages and for the two sexes,
except for female pupae at 200 Gy, which showed a slight
decrease than the control. The rate of RNA/DNA increase of
irradiated treatments than control varied according to the
applied dose, insect stage and sex. The highest rate of
increase was recorded at 300 Gy for both pupal and adult
stage and also, for either males or females. However, male
pupae recorded the highest rate of RNA/DNA.
From the foregoing data, it could be seen that
irradiation damaged the nucleic acid molecules in the pupal
stage which developed to the adult stage.In this connection,
Passonneau(6) deduced that irradiation could be shown to
produced degradation and inhibition of nucleic acids
synthesis in Melanoplus diffmrentialis eggs. The finding of
greater radiosensitivity of DNA than RNA was in agreement
with those of Ord and Stocken(7); and Copper and Alpen(8) who
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Table (2) : The ratio of RNA to DNA in pupae and adults of Spodoptera littoralia (Boisd)
irradiated as full grown pupae with gamma rays.

Pupae
Doae (Oy)

Males

Adult•
F«malaa

Males

famalea

00

Ratio of Rate of ratio Ratio of Rate of ratio Ratio of Rate of ratio Ratio of Rate of ratio
RNA/DNA difforent than RNA/DNA different than RNA/DNA different than RNA/DNA different than
control (%)
control (%)
control (%)
control (%)

O3

100

3 .651

+

7.85

4 . 685

+ 2.22

2 .890

+ 4 .44

4 .103

+

7.12

200

3 .421

+

1.06

4 .192

- 8.S3

2 .861

+ 3 .39

4 .123

+

7.57

300

4 .301

+ 27.06

4 .719

+ 2.96

3 012

+ 8.85

4 .312

+ 12.58

0

3 .385

4 .583

2 .767

3 .830

concluded that DNA synthesis had been suppressed by
irradiation frequently in animal tissues than RNA. The rate
of nucleic acids reduction did not correlate with the rate of
increasing dose. This phenomenon was observed with each of
pupal or adult stages and also for both sexes. The highest
rate of RNA reduction was observed by raising the applied
dose from 100 to 200 Gy, while the highest rate of DNA
reduction was recorded by raising the radiation dose from 200
to 300 Gy.
The previous obtained data revealed that DNA was more
radiosensitive than RNA under the present experimental
conditions. The data also showed that the response of each
nucleic acid may differ according to applied radiation dose.
Taking insect stage in consideration, it cc uld be concluded
from data in Table (1) that both RNA and DNA nucleic acids
were highly reduced in adults than pupal stages. The mean
percentages reduction in RNA was 7.301, 16.932 and 20.762 for
pupal stage and 13.182, 23.303 and 28.037 for adult stage
with 100, 200 and 300 Gy, respectively. While the mean
percentages reduction in DNA were 11.832, 13.863 and 30.234
for pupal stage and 17.865, 27.252 and 34.911 for adult stage
with 100, 200 and 300 Gy, respectively, the previous finding
indicated that the destructive action of radiation on nucleic
acids was irreversable and transferable from treated stage to
the following stage. The insect do not have capacity to
reconstruct the damaged acid which progressively increased in
the following stage.
Altman and Mukherjee(9) found that the damage of DNA in
salivary glands of late third instar larvae of Drosophila
melanogaster was done by 300 Gy 80Co-irradiation.
The difference in the response of each nucleic acid was
due to applied radiation dose was also found by Lassota(10)
who reported that irradiation of Bombyx mori eggs with 50 Gy
delayed

the

synthesis

of DNA, while
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200 Gy

delayed

the

synthesis of DNA and damaged the synthesis of RNA. Meanwhile
2000 Gy stopped the synthesis of DNA and induced the break
down of RNA.
The higher radiosensitivity of females rather than
males did not agree with finding of Abd El-Salam U l > who
mention that the inhibition of RNA was more less in
irradiated males of Ephestia
kuehniella
pupae than in
females, while the reduction of DNA was more pronounced in
males than in females at 200 Gy gamma radiation.
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ABSTRACT

Full grown male pupae of the cotton leafworm, Spodoptera
littoralis (Boisd.) were gamma irradiated with low doses of
25, 50, 75 or 100 Gy. The effects on reproduction,
development and sex ratio were the biological aspects studied
among P1; F17 F2, F3 generations.
Fecundity of normal females mated with Fx or F2 males
was significantly reduced at all tested doses. The Fx males
were more sterile than their irradiated parental males, while
F2 males were more fertile than Fi males. Irradiation of Pj
males did not clearly affect neither the percentage of mated
females nor the average number of spermatophores per mated
females among the individuals of P1( Flt F2, F3 generations.
The percent of larvae surviving to the adult stage was
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gradually decreased by increasing dose to Px male throughout
the first three filial generations. The average larval and
pupal durations were not affected among the progeny of Pj
males for both males and females. The sex ratio among the
progeny of irradiated males was nearly 1:1.

INTRODUCTION
The release of sterile males into the natural population
has not had great success with species of Lepidoptera,
because they are highly resistant to irradiation'1'. In order
to retain vigour in Lepidoptera, researchers suggested the
use of substerilizing doses of radiation to produce sexually
competitive moths. Furthermore, by this method the Fx
offspring of the irradiated Lepidoptera are often partially
or completely sterile'2-3'.
Some efforts have been carried out to introduce the
sterile male technique in the control of cotton leafworm
Spodoptera littoralis (Boisd.)MiS). First filial generation of
this insect resulting from adults treated with substerilizing
doses of gamma radiation exhibited various degrees of
sterility'67' . The cotton leafworm males irradiated by low
doses of 100 or 150 Gy were fully competitive and the same
trend was true among Fx males'8'.
The present work was conducted to investigate the
effects of low doses of gamma radiation (ranging between 25100 Gy) on reproduction of parental generation and the
influence on the first three filial generations

MATERIALS AND METHODS
The mass culture of the cotton leafworm used in this
study has been maintained in the laboratory of radiobiology
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Department, NRC, Atomic Energy Authority. Larvae were fed on
fresh castor oil plant leaves. Mature male pupae ( 1 - 2 days
before emergence) were irradiated using a gamma cell (S0Co
source) that had a dose rate approximately 3.33 Gy/min. The
irradiation dosages used were 25, 50, 75 or 100 Gy. Newly
emerged males resulting from irradiated pupae were paired
with unirradiated virgin females. Each single pair was
introduced into 750 cc. • cylindrical carton cage lined
internally with paper as an oviposition site. Cages were
supplied with 10% sugar solution and covered with tissue
paper fixed with a rubber band. The daily deposited eggs from
each mating container were collected, counted, recorded and
kept to determine rate of egg hatching. Experimental time
lasted for 7 days. Each female was then dissected to
determine number of spermatophores in the bursa copulatrix
and the presence of spermes in the spermatheca. Fifteen
replicates of single pairs were used per each treatment. A
group of untreated pairs were used as a control for
comparison. To continue the Fi generation, newly hatched
larvae of each treatment were kept in groups in glass jars
provided with fresh castor oil leaves. Two hundred larvae at
the second instar of each treatment were reared separately
into plastic vials till pupation. The Fx males were mated
with normal females and the resulting F2 males were again
mated to normal females to continue the male line for the
third generation. The inherited effects on the progeny of Px
throughout three successive generations (F1( F2 and F3) were
observed.

The holding conditions for all the life stages in this
study were 25 - 32 °C and 60 - 70 % RH. The obtained data
were statistically analyzed by using the analysis of variance
method, "F" test and the Duncans multiple range test.
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RESULTS AND DISCUSSION
Lepidopterous insects require very high doses of
radiation to achieve fully sterilizing males. These high
doses of radiation reduce their sexual activity which render
them less competitive with the wild insects. Therefore,
studies tended to another approach for Lepidoptera by using
substerilizing doses to obtain partially sterilized insects
that would produce appropriate level of sterility in the
subsequent generations.
Full-grown pupae of the cotton leaf worm, Spodoptera
littoralis (Boisd.) were found to require a dose of 45-50
Krad gamma rays to produce completely sterilized adult males.
The treated males were less competitive than the untreated
males for mating with untreated females at different ratios,
up to 10 treated males : 1 untreated males'" .
The results of the present study (Table 1) confirm the
findings that the fecundity of the parental generation of the
cotton leaf worm S. littoralis was not significantly affected
when full-grown male pupae were exposed to 25, 50 and 100 Gy.
The average numbers of deposited eggs were significantly
reduced in Fx and F3.
The results indicated that the percent egg hatch of Px
generation was reduced by increasing the dose to the parental
male. This reduction was more observed in Fx where egghatchability was significantly reduced at all tested doses in
comparison with the untreated control. Generally, the F1
males were sterile than their irradiated parental males. F2
males were fertile than Ft males, although the reduction in
egg hatch at 50 Gy and above was significantly lower than the
control, indicating that the recessive lethals continued in
the population through Fx and F2 generations. F3 - males
regained their fertility where they became mostly as the
untreated control (Table 1) . These results lead to the
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Table (1) : Average of certain biological aspects during P1# Fir F2 and P3 of irradiated
parental male pupae of S. littoralis. (15 pairs were used in each
treatment).

Generation

Dose to P1
male (Gy)

%
No. of eggs/mated % corrected
% batch corrected
female
from control hatchability
from control

a
a
a

100 .0
78 .9
81 .3
78 .6
75 .8

85 .5
a
73 .7
a
66. 6
ab
59 .06 b
42 .3
b

100.0
86.2
77.9
69.1
49.5

2200 .4
991 .7
600 .0
1003 .08
1000 .0

a
b
c
b
b

100 .0
45 .1
27 .3
45 .6
45 .6

91 .9
60 .9
42. 3
63 .6
33 .2

a
b
be
b
c

100.0
66.3
46.0
69.1
36.1

F2

Control
25
50
75
100

1454 .2
1514 .2
874 .6
755 .7
891 .7

a
a
b
b
b

100 .0
104 .1
60 .1
52 .0
61 .3

82 .3
67 .6
47 .7
46 .0
46 .1

a
a
b
b
b

100.0
88.1
57.9
56.0
56.6

F3

Control
25
50
75
100

1429 .2
1033 .3
1710 .0
1501 .8
912 .5

a
b
a
a
c

100 .0
72 .3
119 .7
105 .0
63 .8

83 .01
81 .6
70 .8
77 .3
48 .1

a
a
a
a
b

100.0
98.3
85.3
93.1
58.0

1873 .08
1476 .9
1523 .08
1473 .1
1420 .0

a

Pt

Control
25
50
75
100

Fx

Control
25
50
75
100

CTN

Means followed by the same letter
significantly different (P>0.05)

a

in each

column

for each generation

are not

conclusion that sterility could be inherited by male
irradiation through the male line for two successive
generations. Many authors came to the same conclusion'1 1 0 1 1 1 2 ) .
The results on mating activity through the male line
showed that irradiation of males by low doses of gamma rays
up to 100 Gy did not clearly affect neither percentage of
mated females nor the avefage number of spermatophores per
mated female among P1# Flf F2 and F3 generations at any of the
tested doses. The reduction observed in the percentage of
inseminated females occurred at 75 and 100 Gy in Px, Ft and
F2 generations (Table 2 ) . Similar results were obtained by
Cheng and North (13) and La Chance et al.ll) on Pectinophora
gossypiella, Debolt and Wright(14) on Spodoptera exigua,
Souka<6), Sallam and Ibrahim171 on Spodoptera littorals, Nabors
and Pless(15) on Ostrinia nubilalis.
The present results also indicated that number of larvae
that reached the adult stage through the male line was
gradually decreased by increasing the doses applied to Pj
males among the following three successive generations
(Table 3) . Similar findings were recorded by Proshold and
Bartell'16' 17), on Heliothia virescens, Elnagar et al.Ul), on
Agrotxa
ipsilon,
Carpenter
et al.(1J>, on
Spodoptera
frugiperda.
The average developmental periods from egg hatch to
adult emergence (larval and pupal durations) were not
significantly affected among the progeny descendant of
irradiated Px males (male line) through the three successive
generations (Table 3) .
These results agree with those
obtained by Sallam and Ibrahim'7', on Spodoptera littoralis,
and Sallam and Ibrahim1181, on Heliothis virescens.
The average pupal weights for both males and females was
significantly

reduced

irradiated Pi

males

among
through
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the

progeny

descendant

of

F1, F2 and F3 generations

Table (2) : Average of mating data of progeny (P^ Flf F2 and F3) descendant of
irradiated parental male pupae of S. littoralis (15 pairs were used in each
treatment).

Average No. o f
00
ON

% Mated females

% Mating

Dose t o Px male

with sperm*r

(Gy)

Sprematophores/mated
female

Pi

Fx

F3

F3

Px

Fx

F3

F3

Px

Fx

F2

F3

83 .3

91.7

100 . 0

96

96

100

100

2.9

2.2

2.8

2.7

25

100.0
86.7

85.7

80.0

80. 0

85

76

92

92

4.1

2.8

2.9

3.5

50

100.0

75.3

91.7

91. 7

92

80

92

96

2.6

2.3

2.4

3.3

75

80.0
100.0

85.3

100.0

75. 0

67

65

58

100

3.5

1.9

1.9

2.1

75 .0

91.7

91. 7

76

63

74

88

2.5

2.3

2.3

2.4

0

100

Table (3) : The mean values of certain biological data of F1# F2 and F3 of irradiated
parental male pupae of S. littoralis with substerilizing doses of gamma
radiation.

Generations Dose %Larval
(Gy) surviving
to adult'

*i

OS
CD

F,

*

Larval duration in
days ± S.E.

Male

Female
13.4±0.045
14.3±0.048
13.5±0.052
13.5±0.052
13.2±0.034

0
25
50
75
100

80.0
80.8
76.4
72.5
66.0

13.4±0.043
14 .3±0.041
13.5±0.047
13.5±0.052
13.2±0.031

0
25
50
75
100

73.5
71.6
64.4
63.0
62.0

14.8±0.096
15.9±0.052
14.8±0.075
15.8±0.063
15.1±0.036

0
25
50
75
100

79.7
76.6
74.7
63.3
62.7

17.3±0.043
17.9±0.043
17.5±0.043
16.7±0.043
16.4±0.043

Pupal duration in
days ± S.E.

Male

Female

•
Pupal wt ., g.'

Male

Female

7.6±0.045
8.2±0.072
8.6±0.046
8.5±0.058
8.8±0.031

6.6±0.045
7.5±0.130
7.6±0.056
7.6±0.057
7.8±0.038

0.288 a
0.264 b
0.260 b

0.365 a
0.259 b
0.275 b

0.261 b

0.297 b

15.01±0.099 10.7±0.098
15.80±0.058 9.7±0.048
15.10±0.098 9.8±0.042
15.70±0.086 10.9±0.062
15.10±0.039 10.1±0.035

8.6±0.059
8.8±0.051
8.6±0.065
8.7±0.087
8.1±0.031

0.290 a
0.241 b
0.266 b

0.341 a
0.262 b
0.249 b

0.236 b

0.229 c

11.7±0.078
10.4±0.017
ll.l±0.078
12.3±0.080
12.6±0.057

10.7±0.044
9.5±0.110
10.1±0.090
10.4±0.061
10.4±0.049

0.265 a
0.251 b
0.274 a

0.366 a
0.346 b
0.357 a

0.249 b

0.345 b

17.2±0.060
18.3±0.170
17.6±0.091
16.7±0.065
16.6±0.045

200 one-day-old larvae were used for each treatment

** 30 five-day-old pupae were used for each treatment

Sex ratio

Male

: Female

0.90
1.16
1.25
1.03
1.35

1
1
1
1
1

0.78
1.00
1.38
1.30
1.20

1
1
1
1
1

0.91
1.06
1.25
0.81
0.77

1
1
1
1
1

(Table 3 ) . These results agree with those obtained by Elnagar
et al.{11), on Agrotia
ipsilon.
Data on Table 3 showed also that sex ratio among the
progeny of irradiated males seemed to be unaffected. It was
nearly 1 : 1 which was normally obtained in the control
treatment. Similar results were obtained by Souka (6) , and
Sallam and Ibrahim'7', on Spodoptera littoralia.
Finally, from the foregain results it can be generally
concluded that irradiation of parental full-grown male pupae
of the cotton leafworm with the dose of 100 Gy gave better
results
regarding
inherited
sterility
through
filial
successive generations.
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ABSTRACT

Adult moths less than 24 hours, of the spiny bollworm, E.
insulana were exposed to 100, 200, 300, 400, 500 and 600 Gy
of gamma radiation. The irradiated adults were paired with
the untreated opposite sex. Fecundity of females decreased,
almost proportionally with the increase in the dose. The
effect on fecundity was more pronounced in case of irradiated
females being paired with normal males than when normal
females were mated to irradiated males. Egg hatch was also
dose dependent, as it decreased gradually with the increase
in the radiation dose applied to adult males or females.
However, both irradiated males and females have almost the
same sensitivity and respondency to gamma radiation as far as
reduction in hatchability was concerned.
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Adult males irradiated with substerilizing doses of 100 or
300 Gy were more competitive than males irradiated with
sterilizing dose of 600 Gy against untreated males in mating
with normal females. Increasing the ratio of irradiated males
to normal males from 1:1 to 5:1 decreased the rate of egg
viability.

INTRODUCTION
Numerous species of lepidoptera, because of their immense
importance as agricultural pests, have been investigated to
determine the feasibility of using induced sterility for
controlling them in nature'1'. The reduced effectiveness of
released insects has been often attributed to the high doses
of irradiation required to sterile lepidopteran species'21 . In
order to minimize somatic damage, which potentially decreases
the competitiveness of released males, researchers suggested
the use of substerilizing doses of radiation to produce
sexually competitive moths.
Among the lepidopteran species, the spiny bollworm Earias
insulana Boisd. is one of the most important cotton pests in
Egypt as well as many countries of the world.
The duty of the present work is to study the following
aspects:
1- Effects of gamma radiation on reproduction of the spiny
bollworm.
2- The effect of some sub- and sterilizing doses on mating
competitiveness of irradiated males within the population
of the insect pest.
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MATERIALS AND METHODS
Rearing Technique;
Eggs of the spiny bollworm Earias insulana Boisd. were
obtained from a stock culture reared in the laboratory of
Plant Protection Research Institute, Ministry of Agriculture,
Dokki, Cairo.
The newly hatched larvae were fed on kidney bean diet,
prepared as described by Rashad and Ammar(3) . Three to four
larvae were placed in a glass vial (2.5x7 cm) filled to onethird diet. Each vial was plugged tightly with absorbent
cotton to prevent escape of larvae, and were held in an
incubator at 27 ± 3 °C and 65 - 75% R.H. till adult
emergence. The larvae feed on this diet for about 15 days,
then usually pupate on its top or between the diet and the
vial wall. Vials were examined daily to transfer each single
pupa to a new vial. Pupae were incubated until adult
emergence, then moths were sexed.
Five or ten pairs of newly emerged moths were confined in
a glass oviposition cage of one liter size. For moth feeding,
a piece of cotton-wool previously soaked in 10% sugar
solution was suspended in each cage and renewed every two
days. The cages tops were covered with muslin cloth secured
with rubber bands and the bottoms were covered with screening
mesh for stimulating the egg-laying response in adult
females. Eggs were deposited through the screening mesh on a
piece of paper put under the cage in an open petri dish that
served as oviposition site.
Cages were maintained at a temperature of 27 ± 3 °C and
relative humidity of 80 - 85% and were examined daily for
collecting eggs. Papers and muslin containing eggs were kept
in 1/4 liter glass jars and covered with pieces of cotton
cloth until hatch.
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Irradiation;
Moths, less than 24 hour old, were irradiated with gamma
radiation using a gamma cell (Cobalt-60 source) model 220
located in the Physics Department of the Egyptian Atomic
Energy Authority at Inshas. At the beginning of the
experiments, the source was producing about 280 rad per
minute and 210 rad/minute at the end of this study.
Experimental Procedure and Analysis of Data;
The experiments
points:

were

designed

to

study

the

following

1- Sterilization studies;
Newly emerged moths, less than 24 hour-old were sexed
and irradiated with six doses: 100, 200, 300, 400, 500 and
600 Gy. After treatment the moths were classified into three
mating groups and each group was introduced into one liter
oviposition glass cage. Every group comprised combination of
10 pairs and was replicated 3 times as follows:
(1) 10 untreated males x 10 untreated females
(2) 10 treated males x 10 untreated females.

(control).

(3) 10 untreated males x 10 treated females.
Cages were examined daily for collecting eggs to determine
the number of eggs/female and the percentage of egg
hatchability. Every test lasted for 15 days after treatment.
2- Mating competitiveness:
A laboratory experiment was conducted to determine the
mating competitiveness of the irradiated spiny bollworm
males. The newly emerged adult males, less than 24 hour-old
were irradiated with two substerilizing doses (100 and 300
Gy) and one sterilizing dose (600 G y ) . The irradiated males

were combined with untreated moths of the same age (5 of each
sex) forming the following competitive ratios.
Irradiated male
1

: Unirradiated male

: Unirradiated female

:

1

:

1

:

-

:

1

1

:

1

:

1

5

:

1

:

1

Each tested combination was placed separately in a mating
glass oviposition cage of one liter size and kept for 15
days. Each of the tested ratios was replicated 3 times. The
eggs were collected and recorded to determine the rate of
egg infertility (estimated as rate of unhatched eggs) for
each tested ratio. Expected egg infertility, for irradiated
males and the competitiveness value (C.V.) were computed as
described by Fried'4'. The competitiveness value (C.V.) near
or more than 1.0 indicates full competitiveness and those
between 0.75 and 1.0 indicate good competitiveness.
In all tests, each cage was supplied with a piece of
cotton wool containing 10% sugar solution and the cotton wool
was renewed every two days.
Statistical Analysis:
Data obtained were statistically analyzed by using the
analysis of variance methods "F" test and the Duncans
multiple range test(s).

RESULTS AND DISCUSSION
Number of Eggs/Female;
Results on the effect of gamma radiation on the rate of
egg production

are presented

in Table

(1) . The

results

indicated that when adult males received low doses ranging
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Table (1): Effects of six doses of gamma radiation on the fecundity
of irradiated males / females

of one day old moths

of

Earias insulana Bolsd.
(30 pairs (3 reps.) were used in each treatment)

Fecundity

Dose
Treated male x normal female

(Gy)

average No of
eggs / female

* from
control

Normal male x treated femals
average No of
% from
eggs / female
control

00.00

152.67 a

100

137.00 a b

89.74

200

131.67 a b

86.24

99.67

b c

65.28

300

128.33 a b

84.06

89.47

b c

58.73

400

124.26 a b

81.39

66.80

b e d

43.75

500

109.13

b c

71.48

57.67

c

54.23

71.47

600
F.Value

82.80
3.12 *

L.S.D

38.94

100.00

152.67 a

100.00

113.33 a b

74.23

c d

37.77

b c

46.81

4.53
47.40

Means followed by the same letter in each column are not
s i g n i f i c a n t l y different at ( * P < 0 . 0 5 a n d * * P <
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0.01)

between 100 and 400 Gy and mated with normal females, the
fecundity of such females was slightly decreased. The
reduction in fecundity was increased when high doses were
applied to adult males. The significant reduction occurred
when adult males received either 500 or 600 Gy.
On the other hand, when irradiated females were paired
with normal males, the fecundity of such females dropped
considerably as the dose was increased.
The results indicate that at doses more than 200 Gy, the
fecundity was significantly reduced when compared with the
untreated ones. The fecundity was much reduced when treated
females were paired with untreated males than when males were
mated to untreated females. This phenomenon indicates that
the irradiation of the males has little effect on the
fecundity of females. It can be concluded that the fecundity
of E. insulana depend mainly on the dosages used and the type
of mating-combination.
Viability of The Eggs:
Results on the effects of six doses of gamma radiation on
fertility of the adult males and females are presented in
Table (2) as percentages of egg hatchability, as well as the
percentage deviation from untreated ones. The results
indicated that gamma rays caused a noticeable decrease in
the percentage of egg hatchability at all tested doses for
both males and females. The reduction rates were highly
correlated with the given doses. At low doses (100 and
200 Gy), the irradiated females laid more nonviable eggs when
paired with normal males than when normal females were paired
with treated males. The reduction in the viability of eggs
was significant at all tested doses for the two groups
(treated male x normal female and normal male x treated
female). The greatest reduction in egg hatch occurred at high
dose level 600 Gy for both males and females, their
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Table (2): Effects

of six doses

of gamma radiation on the

fertility of irradiated males/females of one day
old moths of Earlas insulana Bolsd.
(30 pairs were used in each treatment)

Fertility
Dose
Treated male x normal female
(Gy)

% Egg hatch

00.00

87.16 a

100

72.13

200

40.72

300

25.43

400

31.09

500

13.43

600

% from
control

87.16 a

100.00
b
c

3.63

d
e
*

9

100.00

82.76

53.17

46.72

38.57

c

44.19

29.18

34.03

c

39.64

35.67

21.46

d

24.62

15.41

19.61

d

22.50

4.16

4.25

** *
F.vali • e 174.57
L.S.D

Normal male x treated femals
% Egg hatch
* from
control

84.18

4.70

b

61.00

e

4.88

** *

6.03

Means followed by the same letter in each column are not
significantly different at(

. p ( O.o 5 . •• P (
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o.01 and ... P <0.00 1 )

percentages were 3.63% and 4.25%, respectively in comparison
with 87.16% for the untreated ones.
It can be concluded that the fecundity of Earias insulana
was found to depend mainly on the dosages of gamma
irradiation applied and the type of the sex combination.
The effect on fecundity was more pronounced in case of
treated females being paired with normal males than when
normal females were mated to treated males. These results
seem to be logic, since the adult female is the responsible
sex for egg production and consequently
the
female
irradiation reduces the rate of egg laying, while irradiated
male affects the viability, activity and amount of sperms
which are indirectly responsible for stimulating oviposition
by females.
Similar results were obtained by Flint and Kressin(6),
El-Sayed and Graves17' on Heliothis virescens and Hosny
et al.lB) on Spodoptera littoralis. Sallam191 found that when
adult moths of Pectinophora gossypiella less than 24-hour
old, were exposed to 10, 20 and 30 k rad, the fecundity of
females decreased, almost proportionally with increasing the
dose. The treatment of male had little effect on the
fecundity of females.
Regarding the egg viability of the spiny bollworm, the
results indicate that there are no clear differences between
male or female irradiation where both sexes have almost the
same sensitivity to gamma radiation. Generally the reduction
in egg viability increased as the dose applied to adult males
or females was increased. The reduction in egg hatchability
caused by radiation and the sensitivity of males and females
to radiation were reported by several authors working on the
similar problems, viz El-Sayed and Graves'71 on Heliothis
virescens, El-Badry et al.(10) on Spodopetra littoralis, Flint
et al.(11> on pectinophora

gossypiella,
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and Sallam e_£ al. (12>

on Agrotis ipailon.
Mating Competitiveness Among Irradiated Males of Spiny
Bo 11 worm. E. instil ana.
One of the most important problems in the application of
the sterile insect technique (SIT) is the ability to
sterilize the pest without serious damage to the mating
competitiveness or other physiological behaviour.
Two substerilizing doses (100 and 300 Gy) and one
sterilize dose
(600 Gy) were
tested
for
the male
competitiveness with normal males at two combination ratios.
Results in Table (3) indicate that the percentage of
infertile eggs increased by increasing the irradiation doses;
the percentage of infertile eggs was 23.16 in case of
control; while these percentages increased to 40.13, 67.02
and 96.37 at 100, 300 and 600 Gy, respectively. These results
also showed that the percentages of infertile eggs increased
when the dose increased in both tested ratios. The percentage
of infertile eggs increased from 25.92 to 41.38 at 100 Gy,
from 34.11 to 69.85 at 300 Gy and from 26.82 to 48.01 at
600 Gy at the two tested ratios 1:1 and 5:1, respectively.
Regarding the mating competitiveness values C.V. results
indicated that these values were increased by the increasing
the ratios of irradiated males at the three tested doses.
These values were 0.82, 1.10 at 100 Gy; 0.76, 1.17 at 300 Gy;
while at 600 Gy these values decreased to 0.45 and 0.58 at
1:1 and 5:1, respectively. It can be concluded that at lower
doses the males were more competitive than those at higher
doses. This phenomenon is probably due to that at high doses
the physiological damages occurred to males, while less
damage incured at substerilizing doses.
These

results

are

in harmony
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with

those

obtained

by

Table (3): Mating competitiveness of Irradiated males
of spiny bollvorm, Earias insulana
(3 replicates)
Cross Ratio*

Dose

IM: KM : NF

(Gy)

0:

1:

1

1:

0:

1

1:

1:

1

5:

1:

1:

0

» Infertile egg3
Observed

C.

**
V.

Expected

23.16

_

_

40. 13

-

-

25.92

31.65

0 .82

1

41.38

37.30

1 .10

0:

1

67.02

1:

1:

1

5:

1:

1:

100

300

-

-

34.11

45.09

0 .76

1

69.85

59.71

1 .17

0:

1

96.37

1:

1:

1

5:

1:

1

600

-

-

26.82

59.77

0 .45

48.01

84.17

0 .58

* IM = Irradiated male
NM =• Nonirradiated male
NF = Nonirradiated female
Every unit (1) equals 5 insects, thus 5 = 25
** c.v. = Competitiveness value
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Proverbs'13' on the codling moth Carpocapsa pomonella; Ashraf
e_£al. (14) on Barias vitella
(F.) ; Wakid e_t aI_J15), on
S.littoralis; Sallam'" on S. littoralia and P. gossypiella
and sallam and Ibrahim'1*' on S. littoralia.
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RADIATION EFFECTS ON PREGNANT RATS.
PART 1 : MORPHOLOGICAL CHANGES DURING
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ABSTRACT

The

following

terms

were performed to provide a rational systematic

understanding of the radiation induced effects on the various stages of embryonic
development.

The doses delivered were 1, 2, 3, 4, Gy whole body irradiation of the

pregnant rats, at the specific time period of gestation. Irradiation of pregnant rats on
9th day of gestation corresponding to placentation stage, and sacrificed on days 14, 18,
21, showed disintegration of embryonic and placental formation on the day 14 which
appeared more advanced at higher doses. At later stages of gestation period at days 18
and 21 animals irradiated with low doses showed deformed fetal masses, incompatible
with life. At high doses there was total absence of embryonic and placental formations.
Irradiation of pregnant rats

on day 13 of gestation corresponding to stage of

organogenesis, and sacrificed on days 18 and 21 showed major changes in fetal
development. The results obtained are detailed in the text, and supplemented by
photographic presentations.
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INTRODUCTION

The radiation effects induced by ionizing radiation during embryonic development
and fetal growth is a very complex subject. This complexity of the subject originates
from the fact that two basically different systems are interacting together namely, the
physical system of ionizing radiations, and the biological system of the embryo and
fetus. The parameters involved in the physical system concern the type, energy and
dose of the radiations used; and also the quantum mechanisms of energy absorption,
and the differential response of the various cellular populations in the biological system
of the developing embryo and fetus. The parameters involved in the biological system
concern

a great number of variables of the dividing, differentiating, proliferating

pluripotent cellular populations and the intricate sequential modalities involved in the
complicated processes of embryonic development and fetal growth.

With this basic conceptualization in mind, the radiation induced effects on the
developing embryo and growing fetus became a matter of concern to several research
workers. These workers reported distinct evidence that ionizing radiation induces
different variaties ofeffects including embryonic death occurring at the early stages of
gestation, and congenital malformations that occur during the stage of organogenesis
(Russell, 1957; Rugh, 1969; Jensh and Brent, 1988; Devi and Hande, 1990; and
Tomoko and Yasunari, 1993).

In spite of the extensive literature available concerning this subject, several aspects
remain to be resolved . These aspects mainly concern the relation of the type of injury
induced by a certain radiation dose at a specific time period of gestation and the
subsequent development of specific injury in the subsequent life time of the fetus. In
this study, the parameters studied are developmental and morphological changes of the
embryo after irradiation at the stages of placentation (day 9 of gestation), and the stage
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of organogenesis (day 13 of gestation) in rats.

Morphological description of the

findings of the experimental groups are indicated as compared to control animals.

MATERIALS AND METHODS

Irradiation Technique
The source of radiation used was cobalt - 60 ( Gamma - cell 220 ). This source
provided an exposure rate of 3.48 Gy per minute at start of experiment with an
average dose rate of 3.39 Gy per minute throughout all exposure procedures. The
radiation doses used for the various irradiated animal subgroups were 1, 2, 3, and 4 Gy.

Animals
One hundred and thirty eight virgin female albino rats (Rattus rattus), 3 to 4
months old, of body weight 130-150 gm were used for the experiment. Mating was
allowed, and the detection of pregnancy was carried out both by vaginal smear, and
vaginal plug methods. The pregnant animals were divided into irradiated and
control animals. The irradiated animals included a total 120 pregnant female rats
divided into two main irradiation groups (B and C).

Group B: comprised 72 animals which were irradiated on day 9 of gestation to
correspond to the placentation stage. This group was arranged into four irradiated
subgroups according to the radiation dose (1, 2, 3, 4, Gy). Each of these four
irradiated subgroups was further divided into three sets each of six animals, according
to sacrifice days 14, 18 and 21 of gestation. This is shown in table (1).

Group C: comprised 48 animals which were irradiated on day 13 of gestation to
correspond to the organogenesis stage. This group was arranged into four irradiated
subgroups according to

the radiation dose (1, 2, 3, 4 Gy). Each of these four
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IRRADIATION
DAY

RADIATION
DOSE

(GESTATION DAY)

DAY 9

IGy

DAY 14
DAY 18
DAY 21

6
6
6

2Gy

DAY 14
DAY 18
DAY 21

6
6
6

3Gy

DAY 14
DAY 18
DAY 21

6
6
6

4Gy

DAY 14
DAY 18
DAY 21

Bllu
CO
CD

BlIiR
BM2I

BUI 18

BIV 14
BIV 18

Brv21

NUMBER OF
TOTAL
ANIMALS ANIMALS IN
GROUP B

(GESTATION DAY)

BI I4

Bill

DAY OF
SACRIFICE

ON ON ON

ANIMAL
GROUPS

DAY 9

DAY 9

DAY 9

72
ANIMALS

Table (4) Showed Animals Of Group [B], Indicating Irradiation Day, Radiation Doses , Days Of
Sacrifice, Number Of Animals In Each Group , And Total Number Of Animals.
Bil4: ( B) Irradiated On Day 9 Of Gestation.
( 1) Radiation Doses ((I, II. in, IVGy).
(14) Sacrifice Days (14, 18, 21) Of Gestation.

irradiated subgroups was further divided into two sets, each of six animals, according
to days of sacrifice 18 and 21 of gestation. This is shown in table (2).

The control group consisted of 18 animals. Six animals were sacrificed on day 14,
six on day 18, and six on day 21 of gestation. These represented the control groups for
the irradiated animals sacrificed on corresponding says.

Data Collection
After animal sacrifice, the uterus was removed and opened to record observations
on: number of live and dead fetuses, morphological abnormalities, early embryonic
remnants, cellular mass or fluid, placentation, absorbed embryonic formations, fetal
number, fetal morphology, and description of uterine wall.

RESULTS

The results of the study performed will be presented according to the tables in the
section of materials and methods ( Table 1 and 2 ) indicating the dose scheme , the day
of irradiation , day of sacrifice, and the number of animals. The findings recorded are
supplemented with photographic representations.

Animals Irradiated on Day 9 of Gestation and Sacrificed on Days 14, 18 and 21
Animals sacrificed on day 14.
Control Animals: They showed congested uterine walls containing distinct
embryonic formations, with well defined implantation sites, and evidence of
placentation appearing as dark red masses.
Irradiated Animals: Animal groups exposed to doses of 1, 2, 3 and 4 Gy showed
evidence of various changes with severe response at higher doses. Animals exposed to
1 and 2 Gy showed preservation of uterine compartments filled with viscid fluid, slireds
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ANIMAL
GROUPS

IRRADIATION
DAY

RADIATION
DOSE

DAY 38
DAY 21

6
6

DAY 13

2Gy

DAY 18
DAY 21

6
6

DAY 13

3Gy

DAY 18
DAY 21

6
6

DAY 13

4Gy

DAY 18
DAY 21

6
6

DAY 13

CII,8
CII 2 |

cin 2l
Civ 18
Civ21

GROUP C

IGy

CI|8
CI21

c:n 18

NUMBER OF
TOTAL
ANIMALS ANIMALS IN

(GESTATION DAY)

(GESTATION DAY)

O3
CX>

DAY OF
SACRIFICE

48
ANIMALS

Table (2) Showed Animals Of Group [C], Indicating Imidiation Day, Radiation Doses , Days Of
Sacrifice, Number Of Animals In Each Group , And Total Number Of Animals.
Ci,s (C) Irradiated On Day 9 Of Gestation.
(1)

Radiation

Doses

(I,11, ill, IVGy).

(is) Sacrifice Days (18, 21) Of Gestation.

of placenta, and evidence of implantation sites. Animals exposed to 3 and 4 Gy showed
the uterine horns containing gelatinous material and evidence of implantation sites.
Remnants of early embryonic formations were not observed.

Animals sacrificed on days 18 and 21.
Control Animals: On day 18, animals showed uterine horns congested, enlarged,
thin walled, containing an average of 8-10 fetuses of normal developed features, and
distinct placental formation. Similar findings were observed on day 21 with final
maturity of fetuses. All fetuses were viable with normal features.
Irradiated Animals: Animal groups exposed to doses of 1, 2, 3 and 4 Gy on day
9 and sacrificed on days 18 and 21 showed essentially similar findings, with more
severe response at the higher doses. At 1 and 2 Gy, the uterine horns showed partial
loss of compartmental arrangements. Uterine walls contained cloudy gelatinous
material. In some animals evidence of early placentation was preserved. The observed
fetal masses appeared incompatible with life. At 3 and 4 Gy, uteirne and embryonic
damage appeared more severe. Loss of compartmental arrangement of uterine horns
was observed, walls were collapsed without evidence of implantation sites or any other
early embryonic formations.

Animals Irradiated on Day 13 of Gestation and Sacrificed on Days 18 and 21
Animals sacrificed on days 18 and 21.
Control Animals: The uterine horns were congested, enlarged, thin walled and,
contained an average

of 8-10 normal developed fetuses, with distinct placental

formation. Similar findings were observed on day 21 with final maturity of fetuses. All
fetuses were viable with normal features.
Irradiated Animals: Animals exposed to 1 Gy showed evidence of fetal
formations with complete placentae appearing in about 50% of cases. Other animals
showed uterine compartments filled with gelatinous masses with placental formations .
These masses appeared to be degenerative remnants of arrested fetal development.
Animals exposed to 2 Gy, showed uterine compartments containing gelatinous masses
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of arrested embryonic development without distinct features. Placental formation
appeared complete, however, with loss of normal textures. Animals exposed to 3 and
4 Gy showed several distinct findings. The uterine horns presented compartments
containing various remnant masses of fetuses signifying various forms of arrested fetal
development and the subsequent degenerative processes. In most animals findings of
both sacrifice days 18 and 21 groups were similar. Most animals showed severely
malformed fetuses with separate placenta of abnormal texture. Other animals showed
fetal degenerative remnants with separate hardened placentae. Other animals showed
fetal remnants fused together with their placentae to form a hardened disorganized
mass. The uteirne horns after emptying showed distinct thick walled compartments
with evidence of haemorrhage .

DISCUSSION
The rational understanding of the findings observed after whole body
irradiation of pregnant rats by different radiation dose intensities at the stages
placentation

and

organogenesis,

is

basically

related to radiobiological and

developmental process.

During the life span of the embryo and fetus, several very complex mechanisms
take place, each of which render the developing embryo and growing fetus a very
highly radiosensitive cellular volume.

However, state of differential radio sen srvity

exists between the various embryonic cells, and the various developmental stages of
gestation.

From the results, it appears that the most determining factors having a role in
affecting radiation injury during embryonic development and fetal growth, are the
magnitude of radiation dose, the gestation phase at which irradiation took place, the
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volume of embryonic mass irradiated, the post-irradiation day of animal sacrifice, and
the major biological mechanisms taking place at irradiation, including cellular
proliferation, differentiation and growth.

The present results obtained from animals irradiated on day 9 and sacrificed on
days 14, 18 and 21 of gestation showed findings that appeared to be dose, and postirradiation time dependent.

At day 14 of gestation severe disintegration of earlier

embryonic formations appeared more advanced at higher doses. Findings observed on
day 18 and 21 showed severely deformed fetal masses incompatible with life at lower
doses, and absence of embryonic formations at higher doses.

Such findings can be interpreted by the fact that normal embryonic formation at
day 9 of gestation precedes into early organogenesis including neurogenesis and
establishment of cephalocaudal elongation of embryo; early formation of placenta also
takes place. It is therefore evident that radiation induced injury on day 9 will virtually
affect these mechanisms.

The severity of the effects induced were found to be dose

dependent. At lower doses, embryonic development continued to provide on day 18
and 21 deformed fetuses incompatible with life.

Higher doses

induced arrest of

embryonic organogenesis at an early stage ending in gelatinous cellular remnants.

Embryonic development during this stage of early organogenesis is characterized
by its maximum radiosensitivity.

Cellular proliferation, differentiation, growth, and

other highly specific cellular organizational processes are active features of this phase
of embryonic development.

Radiation induced injury at this stage resulted in cessation of

embryonic development, the nature and extent of which appeared to be dose dependent.

Several authors have studied radiation induced effects after different doses of
radiation during the stage of organogenesis. These authors reported findings that are
consistent with the results obtained in the present experiments.

However, minor

differences are due to variations of the radiation doses used, and the irradiation and
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sacrifice times. The general concensus of these authors was that the stage of early
organogenesis is the most radiosensitive phase of intrauterine life when considering
fetal malformations as the biological end point (Philipe, 1975; Knauss, 1980 Roux et
al., 1986; Jensh and Brent, 1986, and Tomoko and Yasnari, 1993). This particular
finding is a very well manifested feature in the animal groups irradiated on day 13 and
sacrificed on days 18 and 21 of the present study.
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Fig. 1.
Photograph showing the uterine
horns containing distinct
embryonic formations of control
animals sacrificed on day 14.

Fig. 2.
Photograph showing fetuses of
control animal sacrificed on day 18.

Fig. 3.
Photograph showing fetuses with
final maturity of control animals
sacrificed on day 21.

3?3

Fig. 4.
Photograph showing the uterine
homs with evidence of
implantation sites of animals
irradiated on day 9 (2 Gy) and
sacrificed on day 14.

Fig. 5.
Photograph showing uterine horns
with partial loss of compartments
of animals .rradiated on day 9
(lGy ) and sacrificed on day 18.

Fig. 6.
Photograph showing collapsed
uterine walls of animals irradiated
on day 9 (4 Gy) and sacrificed on
day 21.
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Fig. 7.
Photograph showing complete
fetal and placental formation of
animals irradiated on day 13 ( 1
Gy ) and sacrificed on day 21.

Fig. 8.
Photograph showing gelatinous
masses of arrested embryonic
development, of animals
irradiated on day 13 ( 2 Gy ) and
sacrificed on day 21.

Fig. 9.
Photograph showing fetal
remnants with separate placentae,
of animals irradiated on day 1 3 ( 3
Gy ) and sacrificed on day 21.

Fig. 10.
Photograph showing severely
malformed fetuses, of animals

h

irradiated on day 13 ( 4 Gy ) and

i

sacrificed on day 21.
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RADIATION EFFECT ON PREGNANT RATS RECEIVING
PROGESTERONE
PART II. BIOCHEMICAL CHANGES DURING PREGNANCY
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ABSTRACT

This work was conducted to show the effect of different doses of gamma
radiation, and the synergistic effect of gamma radiation and progesterone
injection, on some biochemical parameters during pregnancy in rats.

The biochemical parameters studied in this work included; Serum lipid,
serum protein, calcium, and progesterone. These biochemical parameters were
chosen to evaluate any direct or indirect relationship of these parameters that
might be involved

in the processes of pregnancy and may be affected by

irradiation alone or the combined effect of progesterone injection and irradiation.

The data obtained showed that, these biochemical parameters in pregnant
rats were markedly affected either by radiation or by the combined effect of
radiation and progesterone injection.
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INTRODUCTION

The biochemical alteration in biological system after irradiation of pregnant
animals recently became a relevant issue. In this context, it is important to point
out

that meticulous survey of available literature has been carried out in order to

select the literature concerned with the subject of irradiation induced biochemical
changes during pregnancy .The literature contained data only related to radiation
induced biochemical changes in non-pregnant animals.

In this concern, Albumin/globulin ratio was changed in the blood of dogs
after

irradiation with 100 to 650 rad ( l ) , but total amount of plasma protein was

diminished during the first week following the whole body irradiation with 600 to
750 rad. However, increase in Albumin level was observed in male mice exposed
to 3 Gy of Gamma ray at day 7 and 14 post-irradiation(2).

Progesterone level was decreased in female rats exposed to whole body
Gamma irradiation with a dose 6.5 and 7.5 Gy (?) . Concerning the lipid , it was
noticed that in albino rats exposed to whole body Gamma rays with a dose 2 and
8 Gy, animals received 2 Gy exhibited no significant changes in total lipid during
the first three days post irradiation , but significant increase was noticed in the
day 7 reaching of 28.7%, however, serum total lipid increased as the irradiation
dose was increased to 8 Gy.

The present work deals with the study of the change of certain biochemical
parameters after Gamma irradiation of pregnant rats injected with progesterone.
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EXPERIMENTAL WORK

Irradiation Technique.
The source of irradiation used was cobalt 60 (Gamma cell 220). This source
provided an average exposure rate of 5.2 rad per second (0.05 Gy per second).
0.052 Gy per sec. (3.12 Gy per minute).

Progesterone injection technique.
Progesterone was made up in sesame oil at a concentration of 25 mg/ml .
The progesterone animals were injected subcutaneously daily; two days before
irradiation with 0.01 mg/gm body weight of animal.

Animal groups.
Virgin female albino rats Rattus Ruttits ; 3 to 4 months old, of body weight
ranging between 130 and 150 gm ,were used in this experiment. Animals were
chosen after detecting the pregnancy by method of the vaginal smear and vaginal
plug ,

The animals were

then classified into non-injected animals, and

progesterone injected animals, each of 72 animals. The groups of non-injected
animals is shown in Table (1).
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Table (1) : Shows Animals Groupsjndicating Irradiation Day.Radiation Doses,
Days Of Sacrifice.Number Of Animals In Each Group.
ANIMAL
GROUPS
BI M
Bit.
Blj,
BII M
Bll,,
Bll,,
Bill,,
Bill,,
Bill,,
BIV M
BIV,,
BIV,,

IRRADIATION DAY
^GESTATION DAY;
DAY 9

RADIATION
DOSE
IGy

DAY 9

2Gy

DAY 9

3Gy

DAY 9

4Gy

DAY OF SACRIFICE
^GESTATION DAY;
DAY 14
DAY 18
DAY 21
DAY 14
DAY 18
DAY 21
DAY 14
DAY 18
DAY 21
DAY 14
DAY 18
DAY 21

NUMI1ER OF
ANIMALS
6
6
6
6
6
6
6
6
6
6
6
6

BI I 4 : (B) Irradiation On Day 9 Of Gestation.
(I) Radiation Doses (I, II, III, IV Gy)
(14) Sacrifice Days (14, 18, 21) Of Gestation.
The progesterone injected animal groups exposed to the gamma radiation
are shown in Table (2)
Table (2): Shows Animals Groups .Indicating Progesterone Injection Start Day,
Irradiation Day, Radiation Doses, Days of Sacrifice , Number of
Animals In Each Group.
PROGESTERONE
INJECTION
START DAY
DAY 7

IRRADIATION DAY
(GESTATION DAY)

RADIATION
DOSE

DAY OF SACRIFICE
(GESTATION DAY)

DAY 9

1 Gy

DAY 7

DAY 9

2Gy

BpMIM
Bplll,,

DAY 7

DAY 9

3Gy

BplV M
BpIV,,
BplV ;i

DAY 7

DAY 9

4Gy

DAY 14
DAY 18
DAY 21
DAY 14
DAY 18
DAY 21
DAY 14
DAY 18
DAY 21
DAY 14
DAY 18
DAY 21

ANIMAL
GROUPS
Bpl l4
Bpln
Bpln
Bpll,4
Bpll,,

^JJpJM^

Bpl|4 : (Bp) progesterone injected On Day 7, And Irradiation On Day 9 Of
Gestation.
(I) Radiation Doses (I, II, III, IV Gy)
(14) Sacrifice Days (14, 18, 21) Of Gestation.
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Biochemical Analysis.
Serum blood was collected from all pregnant animals after sacrifice and the
following biochemical analysis were performed. This consisted of total protein,
total lipids, calcium, and progesterone. Total protein were estimated using buiret
method'4', total lipids were estimated according to King method'5',calcium was
estimated according to method of Elveback (6) , and progesterone was measured
using RIA technique'7'.

All data obtained were subjected to statistical analysis(8'.Treatment means
were compared by the least difference test (L.S.D) at the 5% level of probability.

RESULTS AND DISCUSSION

Biochemical parameters were measured in serum of control groups, and in
other groups classified according to the dose of gamma radiation as well as the
day of sacrifice during gestation . The biochemical parameters comprised of two
major compounds (Total protein and total lipids),macromineral (calcium) and the
steroid female hormone (progesterone ).

Data of protein level in serum of irradiated pregnant rats ; as shown in Fig
(1), showed that animals sacrificed on day 14,18 and 21 showed no significant
change at 1,2,3 Gy. However, serum total proteins level increased significantly at
4 Gy as compared to control group. The slight decrease in protein level after
lower .doses was explained on the basis of inhibitory effect of gamma -radiation
on the liver cell to produce albumin, the main constituents of protein. Moreover,
the nucleic acid damage caused by gamma radiation could also play a role in
explaining the decrease in protein synthesis'9'.
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G / 100 ML
13-

I

21 Days

Control

1\WM 1 Gy

2 Gy

3 Gy

4 Gy

( Fig., 1 ) Histogram showing serum total proteins levels of animals
irradiated on day 9 and sacrificed on days 14,18 and 21 .

G

/ loo ML

20 -ri

21 Days

14 Days

Control

( Fig. 2

ESS I Gy

2 Gy

3 Gy

ILLLJ 4 Gy

Histogram showing Serum total proteins levels of
animals injected on day 7,and irradiated on day 9, Sarifice,^days 14,18 and 21

Data of progesterone injected and irradiated rats are shown in Fig. (2). This
showed significant increase in serum protein level on day 14,18 and 21 as
compared to control group. This was observed at 1, 2, 3, and 4 Gy. Interpretation
for the increase of protein level after

progesterone injection is still unclear;

however, it might be that the fetus depends on oily substance in which
progesterone is dissolved to cover its energy demands, and consequently ,the
process of protein catabolism as alternative energy source was spared. Moreover,
progesterone

is

bound

to

transcortin

in

plasma, therefore, increasing

progesterone in serum leads to increase in transcorlin synthesis and consequently
increase in total protein level in serum of pregnant rats

injected with

progesterone"0'

It is well known that the lipid increased continuously throughout gestation
as was observed in the control group as shown in Fig. (3). On the other hand, the
alteration in lipid profile of irradiated groups might be due to the following
factors; time of exposure, Gamma radiation doses, and time of post-irradiation
sample collection and period of gestation. These results may be explained as
being due to fact that irradiated animals tend to east less and suffer from loss
appetite than non-irradiated. The results obtained are in harmony with other
results"", reporting that pregnant rats exposed to 1 and 2 Gy on day 3, 13 and 17
of gestation showed decrease in lipid-content.

In animals irradiated and injected with

progesterone, the lipid level is

raised after one Gy exposure as shown in Fig. (4). However, the level decreases
gradually with increasing Gamma-radiation doses as well as with advancing of
gestation period. In this trend, the progesterone"2' may act to reset a "lipostat" in
the hypothalamus; and at the end of pregnancy the lipostat returns to its previous
non-pregnant level. The postulation explains the results obtained.

G/ L

14 Days

IB Dajs

21 Days

Doses
Control

E5J I Gy

2 Gj

3 Gy

4 Gy

( Fig. 3 ) Histogram showing serum total lipids levels of animal;
j eradiated on day 9^and sacrificed on days 14,18 and 21 .

G

/ L

6 -1

21 Days

Control

1 Gy

2 Gy

3 Gy

4 Gy

( Fig. 4 ) Histogram showing serum total lipids levels of anim
injected on day 7 and irradrated on days 9 . Sacrifice d
14.18 and 21.

Calcium intake is seriously needed during pregnancy because calcium is
needed for bone formation of the fetus. It must be taken in consideration that
excess of protein intake decreases calcium in serum by enhancing rapid excretion
of calcium

(l3)

The calcium pattern in serum of injected and irradiated animals shows a
bizzare pattern which can not be rationally exolained Fig. (5).

Calcium levels in irradiated animals showed a more consistent profile as
shown in Fig. (6).

Radiation generally induced membrane damage that lead to the collapse of
calcium

hemostasis04' , the disturbance in calcium hemostasis after gamma

radiation lead to decrease in calcium level in maternal pregnant serum ,and
consequently possible deformation of fetal bone .

In pregnant rat, the ovary is the major contribution of hormones synthesis.
However, placenta is an active steroidogenic tissue which produce progesterone.
Progesterone from the ovary and the placental is necessary for maintaining the
embryo before and after implantation (l '.

The presents results shown in Fig. (7), revealed that progesterone level
increased gradually reaching peak on day 18 and fell sharply on day 21 of
gestation.

However, in animal irradiated on day 9, the progesterone level significantly
decreased after

exposing to different doses, however, very high significant

decrease was recorded on day 18, this result match with similar results'4', who

Mf /
80-<

80-

40-

20-

18 Dtys

14 Days

Days

Doses
Control

GS9 1 Gj

2Gy

4 Gy

3 Gy

(Fig. 5) Histogram sliowimg serum calcium levels of animals injected on day 7
and irradiated on day 9. Sacrificed on days 14,18 and 21

Mg / L
80 -C

60-

40 -

20 -

21 Days

14 Days

Control

( Fig. 6

G53 1 Gy

2 Gy

3 Gy

EHD4 Gy

) Histogram showing serum calcium levels of animals
irradiated on day 9 and sacrificed on days 14,18 and 2 1 .

U05

found decrease in serum progesterone level of female rats after whole body
exposure to 7.5 and 8.5 Gy. However, the alteration in progesterone level during
pregnancy after radiation exposure may be due to resorplion and death of fetuses,
consequently the termination of gestation period.

In injected irradiated animal,. the elevated maternal serum progesterone
level shown in Fig. (8), could be attributed to the injected hormone, the injection
dose exceeded the metabolic clearance rate of the animal.

Uo6

"g / ml
100 -{

80 -

21 Days

Control

1 Gy

[xvj 2

Gy

3 Gy

4 Gy

( Fig. 7 ) Histogram showing serum progesterone levels of animals
irradiated on day 9 and sacrificed on days 14,18 and 2 1 .

ng / nil

21 Days

Control

1 Gy

2 Gy

3 Gy

HUD 4 Gy

(Fig. 8 ) Histogram showing serum progesterone levels of animals
Injected on day 7 and irradiated on day 9 . Sacrifice days
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CHEMICAL AGENTS AS RADIO-PROTECTORS
AGAINST RADIATION
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Faculty of Science, Mansoura University and Middle Eastern Regional Radioisotope
Centre for Arab Countries Cairo, Egypt.

ABSTRACT

The response of mice haemopoietic tissue after whole body gamma irradiation of
Gy), alkoxyglycerol or colostrum treatment pre and post irradiation, was investigated,
ood cells, iron and Hb contents, bone marrow, and spleen cellularrity. Serum ferritin
T4, cortisol and testosterone were estimated.

Recovery of most blood cells, thyroid hormone and as cortisol levels, were observed
Alkoxyglcerol post irradiated group. A protectiveeffectof colostrum more clearly
.ected rather than its therapeutic
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INTRODUCTION

Studies on the effect of ionizing radiation on mammals received increasing interest
during this century, Hendry and Lajtha(l) investigated radiation. Induced damage in
haemopoietic tissue in whole body irradiated rodents as manifested by the drop in
erythropoietic and the stem cell levels, as well as reduction of the number of cells and
their

rate of regeneration. In the meantime, it has been shown that thiols protect

haemopoietic cells against radiation damage Floersheim and Chlodetti(2) reported that
fractionated irradiation decrease the concentration of thyroid gland hormones. Lickevic
and Mizina(3) noted that rats irradiated at lethal doses showed an excess in serum cortisol
level.

The present study aimed to through light on the efficacy of alkoxyglycerol and
colostrum to control radiation injury in hemopoietic tissues and hormonal levels in male
Albino mice.

MATERIALS AND METHODS

Male Swiss albino mice aging 6-8 weeks, were categorized in 8 groups, 25 animals in
each as follows :
I-

Control

II-

Irradiated at 5 Gy (60 CO- Facility at a dose rate 10 Gy/91.72 sec) using facility

III-

Alkoxyglycerol treated group (CH2OHCHOHCH2O-(CH2)17-CH3 obtained from
Sigma)

IV-

Alkoxyglycerol treated followed by irradiation

V-

Irradiated group treated with alkoxyglycerol

VI-

Colostrum injected (12.28 mg/Kg) human fresh colostrum from mothers during the
first 5 days of delivery at the University hospital of Mansoura

VII- Colostrum followed by irradiation
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VIII- Irradiated group injected with colostrum.

1.

Peripheral blood was collected using heparinized microhematocrit tubes for the
determination of Hb RBCs and WBCs count differential leukocyte count as
estimated using Lishman's stain and hemoglobin concentration as determined using
Drabkin solution.

2.

Spleen and bone marrow cellularities were calculated by detection of nucleated cells
in spleen suspension and femoral diaphyses after Gong and Duley(4).

3.

Serum iron was determined using the colourmetric method as described by Oser and
Hawk(5)

4.

Hormonal assay were measured by radioimunoassay kits purchased from Amersham,
as follows:
Hormonal

assay

of

T3 and

T4 and serum cortisol were measured by

radioimmunoassay, as determined by radioassay as described by Fanner and Pierce(6)
serum testosterone as determined by the method of Jaffe and Behaman(7) and serum
ferritin as determined after Grail and Harrison'8' using coat A count ferritin IRMA

RESULTS

Tables (1-3) showed that after irradiation, a decline was detected in all parameters
except for the increase in lymphocytic and Neutrophilic counts as well estimated as bone
marrow and spleen cellularity. Administration of Alkoxyglycerol or colostrum did not
affect the estimated parameters except for slight changes in leukocyte count serum,
ferritin and T4 which declined in irradiated mice T3 & Testostortene were obtained
Alkoxyglcerol treatment post-irradiation resulted in more improvement than when
injection pre-irradiation, but colostrum treatment pre-irradiation nearly rended the
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parameters estimated towards normal values. This was not true for Alkoxyglycerol
treatment post-irradiation.

DISCUSSION

The present study showed a decline in RBCs count which may be due to the damage
in stem cells and erythrocyte precursor stem cells in the bone marrow. In addition
reduction in erythropoietin synthesis as a result of kindney injury due to irradiation, may
play a role in depletion of erythrocytic counts, a view which agrees with Alpen and
Steward(9) the improvement detected with treatment may be due to an enhanced repair in
hamatopoietic marrow that leads to amelioration of changes in RBCs count.

The

mechanism of action of alkoxyglycerol or colostrum may underlie treatment of the
injured kidney Geroci and Taylor (l0) .

The present work

showed a reduction in platelets count after treatment and

irradiation. This reduction may

be due to hemorrhage and or the low count of

magakaryocytes. Treatment with post irradiation colostrum was able to elevate the
number of platelet than control group. Alkoxyglycerol to certain extent could prevent
and cure thrombocytopenia. This effect may be due to the component of colostrum
especially alkoxglycerol which increased megakarayocyte leading to increase in palate
count, an opinion which coincides with Brohult"" the biochemical pathway of activity.
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Table (1) Blood Picture In Different Treated Groups (Mean ± SE)
Animai groups Tested

Control I

Irrad II

Alklll

AJJt i Irrad IV

Irrad&V

Colostrum VI

Parameters

00

Colostrum &.

Irrad&

|

IrradVU

Colostrum VIII

|

\ Rbcs/mm*10

10.13 ±0.78

4.48 ±0.58

10.68 ± 0.87

5.73 ± 0.47

7.02±0.29

10.07 ± 0.%

7.08 ±0.50

7.22 ± 0.36

I Heamatocit%

44.6 ± 0.525

39.1 ±0.60

45.9 ± 1.50

39.3 ±0.31

40.1±0.25

44.7 ± 1.15

39.4 ± 0.7

40 ± 0.0

Platelet / mm* 10

6.64 ±0.4

3.91 ±0.28

5.99 ± 0.83

5.16 ±0.29

5.14±0.4

7.71 ±0.53

4.94 ± 0.49

8.74 ± 0.82 !

WBC/mm*10

7.64 ± 1.01

2.16 ±0.28

1424 ± 1.34

3.68 ± 0.43

3.72 ±0.27

10.9 ± 0.61

6.77 ± 0.56

5.15 ±0.41

| Monocyle / mm

193 ± 27

132 ±11

342 ±41

1.59 ± 19

164 ±20

111 ± 13

463 ±57

300 ±40

Lymphcyte / mm

6430 ±660

1670 ± 50

11140±790

2300 ±250

1850±160

8970 ±430

4320 ± 270

Eosnophil / mm

106± 11

6.4 ± 7

768 ± 47

49 ±11

199±20

179 ± 27

333 ± 50

200 ± 23

Nentrophil / mm

1401±142

284 ±29

1853 ± 194

913 ±136

1485±152

1356 ± 28

1610 ±32

1880 ± 187

1

2660 ± 280 \
|

Table (2) Bone Marrow & Spleen Ceilulary, Lib, Iron And Serum Ferritin Content In DifTerent Treated Groups (Mean ± S£).

Animal Group Tested Parameter*

M

Contrail

Irradn

Aikin

Alk&lrradIV

Imd&AlkV

Colostrum VI

CokMtnm&

lirad*

IrndVn

Cotoctmni VIQ

14.9±0.6

122 ± 0.57

17.1 ± 0.64

11.8 ±0.56

14.7 ± 0.77

15.4 ±0.75

14.7±0.68

16.0 ±0.47

Scrum Iran (Pg/lOOml)

69.4 ± 5.45

220.5 ± 19.5

74.4 ± 6.84

1442 ± 12.9

90.7 ± 6.89

137.8 ± 14

158.6 ±7.84

1003 ±6.7

Spicen CcUulahty / mg

2.75 ±0.16

0.23 ±0.05

2.33 ± 0.27

0.65 ±0.11

0.63 ±0.11

2.18 ±0.12

1.81 ±0.12

1.71 ±023

Bone Marrow cellulanty / mg

0.77 ± 0.06

0.93 ±0.13

1.45 ±0.13

1.12 ±0.17

0.78 ±0.11

1.40 ±0.11

0.97 ±0.06

0.94 ± 0 2

Serum Ferrtine (ng/dl)

4.05 ±0.36

2.56 ± 0.21

2.73 ± 0.26

5.57 ±0.36

5.27 ±0.38

2.97 ±0.10

3.12±0.12

3.78±0.14

Haemoglobin content

Table (3) Hormonal Changes in Irradiated Mice Treated With ALK Or Colostrum (Mean ± SE)

Animti group* Tested r i i i m i i i i

Traioido -Thyronine ng/dl

Control I

| 76.341 7 2 0

Irmtn

Aikin

Alk&lTTadIV

Imd&AlkV

CoioctnunVI

Colo«nam & Imd

Imdt

vn

Colostrum Vin

82.86± 14.08

70.43±8.84

67J7±1.24

7529±3.67

662918.08

87.5715.72

60.4312.01

I Thyronine/Ag/dl

1.63±0.14

1.25±0.02

12±0.09

0.8110.05

1.3610.11

1.2410.07

1.4610.18

1.4410.07

1 Cortsol (pg/dl)

L99±0.12

2.48±0J22

2.1410.23

1.9110.05

1.8810.03

1.7510.05

1.9010.05

1.9810.03

I Testosterone (ng/dl)

0.18±0.01

0.18±0.012

0.25±0.017

02310.012

02510.025

02610.033

0J31O.O6

0.14db0.004

Regarding leukocytes, a decrease was shown in its number after irradiation which
may be due to the effect of radiation on immunocompetent cell system and/or the
depression of antibodies, Rasey and Spence(l2\ Recovery of leukopenia was noted preirradiation treatment with colostrum that may be attributed to the role of alkoxglycerol
as well as its ester offering a promising therapeutic treatment against radiation induced
leukopenia.

The data obtained reveal that radiation affected a remarkable decrease in the counts
of monocytes, lymphocytes, eosinophils and neutrophils. This is believed to be due to
depression of hematopietic function. The recovery influenced by alkoxglycerol on these
cells might be attributed to its ability to restore synthesis of monocytes, neutrophils and
acidopphils through its stimulatory effect on granulopoiesis.

This contributed to

recovery of cellularity in the peripheral blood and bone marrow. It is seems possible to
suggest that the efficiency of colostrum to stimulate elevation in the number of immature
myeloid cells leads to reduced injury to haematopeietic tissue. Lawrence and
Chaddock(l3).

The drop in Hb in irradiated group that could not be restored through administration
of alkoxyglycerol or colostrum, may be due to a rise in the level of endogenous
erythropoietin - stimulating factors due to irradiation that decreased Hb. Amelioration of
such changes with chemical or biological treatment may be a result of RBCs production
which in turn increase Hb.

Biological or chemical treatment alone resulted in hypercellularity in bone marrow.
This may be due to an allergic stimulation by that foreign substance.

Colostrum

administered post-irradiation stimulated the recovery of depressed spleen nucleated cells
which may be due to its stimulation of cell proliferation in haematopoietic tissue, and/or
the high value of copper in colostrum Salih and Wilcox(I4).
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The present work showed depression in haemoglobin content in irradiated mice.
That may be due to the depression caused by irradiation in one or more factor affecting
haemoglobin production. Improvement shown either with colostum or aJJkoxyglycerol
particularly with post-irradiation treatment, may be related to the effect of alkoxyglycerol
on blood forming tissues contributing to Hb synthesis and recovery of hematopoietic
marrow Millar and McElwain(IJ\

The hyperferremia shown in irradiated mice, may be attributed to a decrease in iron
with utilization by the bone marrow or to decrease in bound iron increased unsaturated
iron - binding capacity with irradiation. Improvement of serum iron with alkoxyglycerol
or colostrum post - irradiation, may be due to an enhanced utilization of iron by marrow
through promoting early stem cell proliferation.

A remarkable decrease in serum ferrtin level was noted in irradiated group. This
result could be due to the release of iron from ferritin (Table 1) by reducing radicals
which were generated from the passage of ionizing radiation through an aqueous system.
Increased serum ferritin by alkoxyglycerol treatment may be due to the escape of ferritin
from damaged liver cells Elin and Finch (l6) .

Meanwhile postirradiation colostrum

treatment was more efficient than when

administered pre-irradiation in the amelioration of more protective than therapeutic effect
and the reverse is true for alkoxyglycerol changes in ferrtin level; the radioprotective
effect of colostrum may be exerted principally by ionizing radiation - induced free
radicals as mentioned by Floersheim & Chiodelti(2)

As shown in Table (3), whole body irradiation resulted in non significant increase in
serum T3 level but a highly significant decrease in T4 was recorded. This can be explained
by that T3 is more potent than T4 as mentioned by Keele and Neil<l7). Treatment with
alkoxyglycerol or colostrum, produced remarkable decrease in T3 but a negligible

decrease in T4. The suggested role of these agents may be through ameliorating the
hypothalamic pituitary axis which regulates the secretion of TRH Stein & Nicoloff°8).

The excess serum cortisol noted in irradiated group may be attributed to the
decrease in liver capacity to metabolize corticosteroid. This result was counterbalanced
when irradiation was preceded or followed by alkoglycerol or colostrum. The effect of
these substances on the metabolism of glucocorticoids and in changing the reaction of
the adrencortical system to the action of ACTH may lead to this improvement Laskava
and Lyesyh(l9). In other suggestion, the role of these agents on liver function may lead to
blockage of the excessive hormonal synthesis Roushdy and Edrees(20).

Regarding serum testosterone, its level showed no change in irradiated mice.
Meanwhile, alkoxyglycerol treatment pre or post irradiation, as well as colostrum
preirradiation, raised serum total testosterone. On hand, colostrum treatment postirradiation reduced testosterone level. In this respect attention was shifted to hormone
secretion of pituitary gland Cho and Pathol<2I).
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