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AIM AND PLAN
OF THE WORK
During the past few years ion exchange has become firmly
entrenched as a separations tool. The ion exchange technique
is widely used due to its theoretical and practical simplicity, its
variety and broad applicability for obtaining materials of
extremely high purity and, of course, from the ready
availability of reasonably stable ion exchange materials. The
ion exchange separation is ideal for the trace concentration of
element so typical for radiochemical work and, indeed, ion
exchange and radiochemical developments have been closely
allied. Further, because ion exchange columns are simple to
operate, easily shielded and adaptable to remote control, their
use is attractive, even at relatively high activity levels.
The ion exchange materials currently used most
extensively for separations are the synthetic organic resins,
particularly those derived from copolymerlzation of styrene
with the cross-linking agent, divinyl benzene. Their ion
exchange properties arise through incorporation of charged
groups, such as quaternary amines (anion exchangers) or
sulphonic acids (cation exchangers). They have high
capacities, good chemical stability and show fairly rapid
exchange rates. Their limited radiation stability prevents their
use at extremely high radiation levels.
Fibrous ion exchange materials open a land of
opportunities in industrial, environmental applications and
radiochemical separations because they have high efficiency in
X

the process of sorption from gaseous and liquid media. The
most advantageous property of these materials is that they can
be obtained in various convenient forms like staples, conveyer
belts, nets etc. Various hybrid fibrous ion exchangers have
been synthesized by combining organic monomers (e.g.,
acrylamide, n-butyl acetate etc) and/or polymers (e.g.,
polystyrene, polyacrylonitrile etc). They have shown that ion
exchange has promising characteristics. The introduction of
organic species into an inorganic material enhances its
reproducibility in ion exchange behavior and its chemical
stability to some extent. Surfactant or surface-active agents,
when present in aqueous system, enhance the adsorption of
metal ions on the ion exchangers by reducing the interfacial
tensions between the material (solid) and aqueous phase
(liquid).
Chromium[51Cr] is an isotope that decays by electron
capture, has a T1/2 27.7 days and emits a 320-KeV gamma ray
with 9% abundance. There are several nuclear reactions can be
used for producing chromium-51 via using cyclotrons for
51
V(d, 2n)51Cr, 51V (p, n)51Cr reactions or using reactors for
Fe(n, α)51Cr, 50Cr(n, γ)51Cr and natCr (n, γ)51Cr reactions.

54

Traditionally, chromium[51Cr]-complexes have been used
for in vitro diagnostic procedures such as chromium[51Cr]ethylene diamine tetraacetic acid (EDTA) to determine the
glomerular filtration rate and chromium[51Cr]-labeled
erythrocytes for red cell volume measurements or red cell
survival studies. Other applications include: [51Cr]-EDTA to
measure intestinal permeability or as a test for coeliac disease;
[51Cr]- albumin to study albumin metabolism in dogs or for
XI

placental localization; chromium[51Cr]-labelled neutrophils to
quantify neutrophil chemotaxis; chromium[51Cr] -labelled
granulocytes in granulocyte life span measurements; [51Cr]bleomycin for tumour detection; [51Cr]-microspheres for the
determination of capillary blood flow in random skin flaps in
pigs, regional flow in the lung or portal circulation in rats and
for examining yolk stalk function in posthatch broiler chicks;
and [51Cr]-teflon particles (4 mm) for long-term lung clearance
in humans. The long half-life is often a disadvantage with
regard to radiation dose, but has advantages in dual-labeling
procedures.
This work involves the following steps:
1- Preparation of Triton X-100 Cerium(IV) Phosphate (TX100CeP) as a surface active ion exchanger or organometallic molecules.
2- Characterization of the TX-100CeP by different methods
(i.e. IR, TGA/DTA X-ray diffraction, X-ray fluorescence
and elemental analysis).
3- Development a method for separation and quantification
of Cr(III) and Cr(VI) by using high pressure liquid
chromatography (HPLC).
4- Separation of 51Cr(III) from Cr(VI) in the target of
K2CrO4 on TX-100CeP and Permutit as a commercial
ion exchanger.
5- Quality control on the separated 51Cr(III).
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CHAPTER (I)
INTRODUCTION

I.1. Radioisotopes in Medicine
Over the last century, nuclear science and technology have
contributed immensely to almost every social and economical
sector and in virtually every corner of globe. Radioisotope is
one of the tools for studying nuclear science. Among the many
applications of radioisotopes and their compounds, one may
mention the diversified uses in tracer research, flow
measurements, corrosion
testing,
biological
research,
medicine, agriculture, industry etc… Many applications
employ ″tracer technique″. A small quantity of a radioisotope
is introduced into the substance to be studied and its path is
traced by means of a Geiger-Muller counter (Lowenthal and
Airey 2001; Ananthakrishnan 2002; Bethge et el. 2004;
Sukadev Sahoo and Sonali Sahoo 2006). The tracer principle
was the foundation of nutrition and chemical pathology as well
as biochemistry and nuclear medicine. Biochemical
measurements were extended from the diet to body fluids and
excreta, and radiotracers emitting photons coming from
chemical reactions within the body could be detected outside
the body, the domain of in vivo biochemistry. Just as the
microscope had revealed the cell as a basic unit of biology, the
application of the tracer principle moved medicine and
biomedical science into the domain of molecules, revealed by
emitted photons (Wagner et al. 1995). The challenge of
medicine in molecular medicine is to relate the genome to
-1-

in-vivo chemistry, not only in the blood and other body fluids
but also in body organs and parts of body organs by means of
external radiation detection. Radioactive tracers make it
possible to examine the interactions of cells with molecules in
the extracellular fluid, the mechanisms of intercellular
communication, and the chemical reactions taking place within
cells. One goal of nuclear medicine is to help develop drugs
that will specifically target molecular processes during various
phases of cell division. Using radiotracer technology, it is
possible to detect molecular abnormalities imposed by
oncogene (Wagner et al. 1995; Shultis and Faw 2002; Bethge
et el.2004).
The applications of radiation and radioisotopes in medicine
is as old as the discovery of radiation and in the past century
this field has developed steadily into several specialist fields in
medicine such as radiation oncology, diagnostic nuclear
medicine, therapeutic nuclear medicine, diagnostic in vitro
radiometric techniques and radiation processing of medical
products. However, these specialist areas have grown at
different rates, reaching milestones at different times.
Therapeutic radiopharmaceuticals, the beginning of which
could be considered to be the use of 131I and 32P in the late
1940s for the treatment of thyroid cancers/hyperthyroidism
and polycythemia vera, respectively, have registered a steady
and rapid growth in the past 10–15 years. The availability of
newer specific targeting molecules and the feasibility of
producing radionuclides with optimal nuclear characteristics
for various applications are major causes of this upward trend
(Beneficial Uses and Production of Isotopes 2005; Neves et al.
2002; Qaim 2001; Mirzadeh et al. 2003; Venkatesh and
Chakraborty 2007). The most significant change in nuclear
-2-

medicine over the past 35 years is that it has become a vehicle
for extending medicine from cellular to molecular domain.
Today, the goals of nuclear medicine are:
1. To develop stereospecific radiotracer molecules.
2. To characterize and portray the dynamic state of the body
constituents in the form of biochemical images.
3. To base medical diagnosis on in-vivo as well as
biochemical abnormalities.
4. To detect focal disease before overall organ function
impaired.

is

5. To explain the physicochemical mechanisms of diseases.
6. To assess the effects of treatment (Wagner et al. 1995).
Regarding the different forms of applications in medicine,
radionuclides must be used with respect to their modes of
decay. For single photon emission computed tomography
(SPECT), monoenergetic γ-emission radionuclides in the
range of high efficiency of γ-cameras (70-250 keV) with a
short half-life (hours to several days) are the most useful.
These nuclides must have no particle emission (α, β⎯, or Auger
electron) (Qaim and Coenen 2005; Magil and Galy 2005;
Guhlke et al. 2007). Radionuclides intended for use in internal
radiotherapy have naturally different demands. Medium (7h7d) half-life, low intensity γ-emission with a particle emission
(α or β⎯ or Auger electron), suitable range and value of LET
(linear energy transfer), good, selective and prolonged
retention in the tumor (Tolmachev et al. 2004; Venkatesh and
Chakraborty 2007; Guhlke et al.2007)
-3-

I.2. Choice Criteria of Radionuclide for Medical
Applications
I.2.1. The Diagnostic Radionuclides
The diagnostic radionuclides in general and their
production data in particular, are concerned. The major
criteria for diagnostic use are:
¾ Suitable physical properties, i.e. high detection
efficiency for the radionuclide, compatible with the
lowest radiation dose to the patient.
¾ Suitable biochemical properties, especially organ
selectivity and compatibility with the bio-kinetics.
As far as physical properties are concerned, the half-life
should be short (between a few minutes and a few hours) and
the decay should occur preferably via EC or β+ emission.
Furthermore, the specific radioactivity of the final product
should be rather high. In general, the diagnostic radioisotopes
are classified into two groups, namely γ-emitters as in Table
1.1, (e.g.

67

Ga,

111

In,

201

Tl, etc.) and β+ emitters as in, Table

1.2, (e.g. 15O, 18F, etc.). If the radioisotope emits a single γ-ray,
the detection technique called Single Photon Emission
Computed Tomography (SPECT) can be used; in the case of
β+ emitters, the use of Positron Emission Tomography (PET)
is very advantageous. The two techniques (SPECT and PET)
are often collectively termed as emission tomography. By
virtue of its quantitative nature, rapidity and higher resolution,
PET is superior to SPECT. However, the latter finds much
wider use due to considerably lower costs of radionuclides,
instrumentation and operation.
The biochemical properties have little relevance to nuclear
data. They depend upon the functional group of the molecule
to which the radioisotope has been attached. Evidently, for fast
-4-

Table 1.1. Nuclear properties of selected SPECT
radionuclides.
Nuclide
67

Ga

99

Mo
↓
gen.

99mTc

3.26 d

EC(100)

2.75 d

β–(100)

6.0 h

I

13.1h

EC(100)

Tl

73.1 h

EC(100)

123

Photon emission(keV)
(% abundance)

Zn(p,2n)

93(36%), 185
(20%), 300(16 %)

98

Un(n,f)

740(12%), 181
(6%)

Mo(n,γ)
-----

IT (100)
EC(100)

In

68

Production
mode

235

2.8 3d

111

201

Decay mode
(% abundance)

T½

112

Cd(p,2n)

123

201

Te(p,n)

Tl(p,3n)201Pb

201

Pb(EC) 201Tl

141(87%)
247(94%),173
(91%)
159(83%), 528
(1.4%)
167(10%), 69–80
(several X-rays)

Table 1.2. Positron energy and range of selected
PET radionuclides
β+ Energy (MeV)
Max.
Mean

Range in water (mm)
Max.
Mean

T½
(min)

Decay
(% β+ )

F

109.7

9.67

0.633

0.249

2.4

0.6

Cu

762

17.87

0.652

0.278

2.9

0.64

11

20.48

99.77

0.9601

0.385

4.1

1.1

13

N

9.97

99.8

1.198

0.491

5.1

1.5

15

O

2.037

99.9

1.731

0.735

7.3

2.5

62

Cu

9.74

97.59

2.927

1.316

11.9

5.0

82

1.25

83.3
11.3
49.3

3.56
2.579
4.153

Nuclide
18
64

C

Rb

66

Ga

564

-5-

1.524
1.157
1.904

14.1
10.5
16.7

5.9
4.3
7.4

biochemical phenomena, like glucose or oxygen uptake,
uptake short-lived radioisotopes are suitable, whereas for
slower processes, like protein synthesis, somewhat longerlived radioisotopes are used (Tolmachev et al. 2004;
Venkatesh and Chakraborty 2007; Guhlke et al.2007; Stocklin
et al. 1995; Lewington 1993).

I.2.1.1. Imaging
Nuclear diagnostic imaging techniques provide information
about physiological and biochemical processes and
compliment other imaging methods such as conventional
radiology, nuclear magnetic resonance, and ultrasound. They
have a very important role to play in identification of heart
disease, brain disorder, lung and kidney function, and a range
of cancers. There are many types of imaging devices and their
uses vary depending on the physical properties of the
radioactive isotopes (Magil and Galy 2005).

I.2.1.2. Gamma Imaging
One of the main applications in medical applications is the
use of gamma cameras to detect diseases in the heart, brain,
bone, lung, and the thyroid. More than 20,000 gamma cameras
are in use throughout the world in some 8500 nuclear medicine
departments. The main radionuclide in use is 99mTc, however
other nuclides are use, e.g. 111In, 67Ga, 82Rb and 201Tl
(Beneficial Uses and Production of Isotopes 2005; Magil and
Galy 2005).

I.2.1.3. Positron Emission Tomography (PET)
There are some 250 PET cameras in use today mainly for
the diagnosis of cancer. The radiopharmaceutical mostly used
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is the 18F compound,(FDG) fluorodeoxyglucose which is
similar to glucose in behavior, although the development of
alternatives based on64Cu, 86Y, and 124I is underway (Magil
and Galy 2005).

I.2.1.4. Internal Radiation Dose Calculation
In internal radiation dose calculation, i.e. calculation of the
dose to an organ delivered by the administered radionuclide,
however both decay data and biological behavior of the
compound labeled with the radioisotope need to be considered.
The effective half- life of the radiopharmaceutical in the organ
is thus a combination of the physical half-life and the
biological half-life. The available information on decay data is
extensive, at least for the most commonly used PET and
SPECT radioisotopes. The methods of internal dose
calculation have received extensive attention and well-known
computer code, known as MIRD codes, are now available. It
needs to be pointed out that criterion of minimum dose in
diagnostic studies puts a heavy demand on the radionuclidic
purity of the radiopharmaceutical. If some impurity is present,
especially having a long-life and emitting corpuscular
radiation, it will lead to addition radiation dose. Thus the
production method should be chosen such that the product
radionuclide contains the lowest possible impurity (Stocklin et
al. 1995; Lewington 1993).

I.2.2. Therapeutic Radionuclides
The major criteria for the choice of a radionuclide for
endotherapeutic use are suitable decay characteristic and
suitable biochemical reactivity. As regards decay properties,
the desired half-life is between 6 h and 7 d and the emitted
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corpuscular radiation should have a suitable linear energy
transfer (LET) value and range in the tissue. The ratio of nonpenetrating to penetrating radiation should be high. The
daughter should be short-lived or stable. As regards
biochemical reactivity, the situation is similar to that for
diagnostic radiopharmaceuticals. However, the stability of the
therapeutical is demanded over a much longer period than that
in the case of a diagnostic pharmaceutical. The basis for
successful endoradiotherapy thus incorporates:
¾ Good and selective concentration and prolonged
retention of the radiotherapeutical in the tumor
¾ Minimum uptake in normal tissue.
As a result of the above mentioned criteria. The choice falls on
some radionuclides. Most of them are β- emitters but several of
them are α and Auger electron emitters. In recent years a few
β+-emitters have also found some limited therapeutic
application (Stocklin, et al.1995; Lewington1993).
For internal radiotherapy, nuclides emitting α, β⎯–particles
or Auger electrons are of much interest as unsealed sources in
the treatment of cancer. With the aim of therapy, it is
extremely important to carefully consider the choice of
radionuclides with respect to the in-vivo localization and the
pharmacokinetic properties of the cancer targeting agent
(Neves et al. 2002; Guhlke et al. 2007).
In order to achieve a maximum therapeutic effect in the
targeted tissue, radioisotopes used in therapy include α, β⎯ or
Auger electron emitters with a physical half-life in the range of
several hours to about 10days (Table 1.3), while a small
amount of accompanying γ-emission (~10% of disintegrations;
γ-energy ~150-keV) is advantageous to determine the
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Table 1.3. Nuclear properties of selected therapeutic
radionuclides
Type of
emission

Energy
rang
(MeV)

Rang (µm)
LET (keV/µm)
Cell diameter

Examples (half-life)
125

Auger
electron

α-particle

-5

10 -10

-2

0.01–1.0
4–26

2–10

10–500µm
80 ≤ 10

I(60.5d), 123I(13.3h),
77
Br(57h), 67Ga(78.3h),
111
In(3d), 93mPt(4.3d)
211
212

At(7.2h), 225Ac(10d),

Bi(1.01h), 213Bi(46min)

33

50–15,000
Β⎯-particle

0.05–2.5

0.2 ≤
1,000

P(25.4 d),177Lu (6.7d),
67
Cu (61.9h), 131I (8d),
153
Sm(46.8h),186Re
(3.8d), 165Dy(2.3 h ),
89
Sr (50.5 d)

radioactivity distribution in the body and for dosimetry
purposes. The choice of the radionuclide depends on the site of
targeting at the cellular level and the effective range of the
particle emission. Thus therapeutic radiopharmaceuticals
labeled with Auger electron emitters should be able to target
the cell nucleus and those labeled with α -emitters should be at
least internalized into the cell, while compounds labeled with
β⎯-emitters may be allowed for targeting the cell surface or for
just getting into close proximity to the targeted tissue (Unni et
at. 2001; Tolmachev et al. 2004; Guhlke et al. 2007). In
addition, the higher the linear energy transfer (LET) of the
emitter, the higher will be the effect on the targeted tissue per
decay. Hence, the resulting therapeutic effect will be mainly
determined by the physical decay and the applied dose of the
used nuclide and the biodistribution and kinetics of the
targeting vehicle. Radiotherapy (causal or palliative) is mainly
focused on molecular recognition sites of the targeted tissue.
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The uptake (and the corresponding effect) mechanisms of
therapeutic radiopharmaceuticals are the same as with
diagnostic tracers and often by interaction with specific
receptors or antigens (peptides and antibodies) (Mirzadeh et al.
2003; Venkatesh and Chakraborty 2007; Coursey and Nath;
Guhlke et al. 2007).

I.2.2.1. Radioactive decay data
The ranges of various types of emitted corpuscular
radiation in the tissue are shown in Figure 1.1. The Auger
electrons have a range of about 10 µm and can have a therapy
effect only if they reach the cell nucleus, e.g. by bringing the
radioactive source atom to the DNA. The α-particles, on the
other hand, have a range of about 100 µm and can have a
therapy effect already if they reach the cell membrane, e.g. by
attachment of the α-emitter to a receptor ligand. The β-particles have ranges of about 1mm and more, depending upon
their energies. They can lead to therapy effects even if they
reach the cell environment. Evidently, achieving the therapy
effect with Auger electrons and α-particles involves a very
subtle approach and demands great skills in biochemistry,
radiopharmacology and radio-therapeutical production and
application. In the case of β-- particles, the therapeutic
applications have been more straightforward, though not very
specific (Stocklin et al.1995; Lewington 1993).
I.2.2.2. External Beam Radiotherapy
In external beam radiotherapy, where radiation is delivered
from outside the body, photon energies of millions of electron
volts are required to penetrate the tissue and reach the tumors
inside the body. Radiotherapy is also being carried out with
sealed sources of 60Co with some 1500 units in operation. A
- 10 -

new process, known as the Gamma Knife, is being introduced
especially for brain tumor treatment (Magil and Galy 2005).

1.7 MeV β-

100 Cells
0.15 MeV β5.3 MeV α

1 Cell dimension

Auger
electron
Range [mm]

Cell nucleus
10-2

10-1

100 101

102

Figure 1.1. The correlation between type and energy
of corpuscular radiation and the range in tissue.

I.2.2.3. Brachytherapy
Today, hundreds of thousand of patients are treated each
year based on brachytherapy (Brachys is the Greek word for
near) in which sealed sources of radiation are brought into the
body and placed in or near the tumor to be treated leaving the
surrounding healthy tissue undamaged. Using these brachytherapy implants, radionuclides with photons energies as low
as 20 keV can be used. The radionuclide palladium-103, for
example, used for prostate implantation has an average energy
of only 21 keV. Some gamma ray emitters commonly used are
192
Ir, 137Cs, 125I, 103Pd and have an effective range of a few
centimeters. Beta emitters include 90Y, 188Re, and 32P with
effective ranges of a few millimeters in tissue (Coursey and
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Nath). The technique is particularly successful for the
treatment of prostate cancer at an early stage. In the U.S.
almost 57,000 patients were treated for prostate cancer in 1999
using brachytherapy seed implants based on 103Pd, 125I, 137Cs
and 192Ir(Magil and Galy 2005).
I.2.2.4. Immunotherapy
In the last fifteen years, the technique known as radioimmunotherapy has been under investigation. In this
technique, a radionuclide is chemically attached to an antibody
which is then injected into the bloodstream. The antibodies go
to the source of the tumor and the attached radionuclides, for
example 131I, emit charged particles to kill the tumor cells. The
development of therapeutic substances for radiotherapy is
being actively pursued by many companies and research
organizations. Techniques are being developed which combine
the radioisotopes 90Y, 131I, 153Sm, and 213Bi with monoclonal
antibodies and smaller molecules such as peptides (Zalutsky
2006). The three main applications of radionuclides for
therapeutic purposes, however, remain a) sealed sources for
prostrate therapy, b) sources for intravascular therapy and c)
radiopharmaceutical therapy. It is expected that these therapies
will see rapid growth in the near future (Magil and Galy 2005).
I.2.2.5. Ion Beam Therapy
In December 1997, the GSI heavy ion radiotherapy started
with the irradiation of the first two patients. The distribution of
biological effective dose (isodose contours from carbon ion
deposition) is superimposed on the image of the brain (Van
Heertum et al. 2004). The tumor, situated in the centre of the
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brain, is treated directly by depositing the ion beam energy in
this region (Magil and Galy 2005).
I.2.2.6. Boron Neutron Capture Therapy
In Boron Neutron Capture Therapy (BNCT), a boron
containing compound is administered intravenously to the
patient. The boron accumulates preferentially in the malignant
tumor. The patient is then irradiated with a beam of
intermediate energy neutrons of a few keV, directed towards
the tumor bed. The neutrons lose their energy through neutron
scatter in the overlying tissue, whereby the thermalised
neutrons are then captured by the 10B atoms. These
immediately disintegrate into two highly energetic particles:
Li- and He-nuclei, which in principle can destroy the cancer
cells, whilst sparing the healthy cells (International Society for
Neutron Capture).
Since the start of BNCT trials at Petten, four other centers
are performing BNCT in Europe (in Finland, Sweden, Czech
Republic and Italy). Elsewhere in the world, BNCT is also
carried out in Japan, USA and Argentina (Magil and Galy
2005).
I.2.2.7. Radioactive “Bullets” – Alpha-Immunotherapy
Treatment of cancer by radioimmunotherapy involves
injecting the patient with a radioactive isotope “bullet”
connected to a specific carrier such as a monoclonal antibody,
with the aim of selectively destroying targeted tumor cells.
During radioactive decay, photons, electrons, or even heavier
particles are emitted and damage or kill cells along their
trajectory.
Alpha-emitting radionuclides are amongst the most
promising radionuclides for the treatment of blood-borne
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cancers and micro-metastatic cancers cells. Because of their
short range (60 to 100 micrometer) and high linear energy
transfer values, alpha-emitters can deliver such a high
radiation dose over the distance of a few cell diameters that
they will effectively kill the cells. When alpha-emitters are
conjugated to tumor-seeking monoclonal antibodies (a protein
molecule that attaches to the cell), the resulting product is
expected to be an efficient cancer drug.
A number of alpha-emitting isotopes have been considered.
The preferred option today is the use of 213Bi (T½=45 min).
Actually 213Bi is mainly beta emitter decay to a very shortlived nuclide 213Po (T½=4.2µs), which decays by alpha
emission. So effectively 213Bi is an alpha emitter with a halflife of 45 m (Apostolidis et al. 2001; Magil and Galy 2005).

I.3. Radionuclides Production
Radionuclides used in nuclear medicine are mostly artificial
ones. Their production requires an exact knowledge of nuclear
data, production technologies (accelerators or nuclear reactors)
and radiochemical purification technologies in order to meet
the high purity demands of medical applications. In many
cases, for one particular isotope there is more than one
principal production route. Therefore the actual route of
production will depend on the availability of a suitable
production device, the yield and the achievable purity of the
nuclide (Manual 2003; Guhlke et al. 2007).

I.3.1. Radionuclides Production Modes
According to their production modes, radionuclides used
for radiodiagnosis and in radiotherapy can be differentiated
into two groups:
A. Reactor nuclides
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B. Cyclotron nuclides
Radionuclides used in nuclear medicine are mostly
artificial ones. They are primarily produced in a cyclotron or a
reactor. The type of radionuclide produced in a cyclotron or a
reactor depends on the irradiating particle, its energy, and the
target nuclei. Since they are expensive, these facilities are
limited and supply radionuclides to remote facilities that do
not possess such equipment. In many instances cyclotron or
reactor facilities may sell radionuclides to commercial
suppliers, who in turn supply the smaller and remote. Very
short-lived radionuclides are available only in the institutions
that have the cyclotron or reactor facilities; they cannot be
supplied to remote institutions or hospitals because they decay
rapidly. For remote facilities, however, there is a secondary
source of radionuclides, particularly short-lived ones, which is
called a radionuclide generator (Saha 2004; Qaim and Coenen
2005; Guhlke et al. 2007).

I.3.1.1. Reactor-Produced Radionuclides
A variety of radionuclides are produced in nuclear
reactors. A nuclear reactor is constructed with fuel rods made
of fissile materials such as enriched 235U and 239Pu. These fuel
nuclei undergo spontaneous fission with extremely low
probability.
Neutrons emitted in each fission can cause further fission
of other fissionable nuclei in the fuel rod provided the right
conditions exist. This obviously will initiate a chain reaction,
ultimately leading to a possible meltdown situation in the
reactor. This chain reaction must be controlled, to control a
self sustained chain reaction, excess neutrons (more than one)
are removed by positioning cadmium rods in the fuel core
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(cadmium has a high probability of absorbing a thermal
neutron).
Neutrons emitted with a mean energy of 1.5 MeV from the
surface of the fuel rod have a low probability of interaction
with other nuclei and therefore do not serve any useful
purpose. It has been found, however, that neutrons with
thermal energy (0.025 eV) interact with many nuclei,
efficiently producing various radionuclides. To make the high
energy or so-called fast neutrons more useful, they are
thermalized or slowed down by interaction with low molecular
weight materials, such as water, heavy water, beryllium, and
graphite, which are distributed in the spaces between the fuel
rods. These materials are called moderators. The flux or
intensity of the thermal neutrons so obtained ranges from 1011
to 1014 neutrons/(cm2.sec) and they are important in the
production of many radionuclides. When a target element is
inserted in the reactor core, a thermal neutron will interact
with the target nucleus with a definite probability to produce
another nuclide. The probability of formation of a radionuclide
by thermal neutrons varies from element to element (Saha
2004; Guhlke et al. 2007).
Radionuclides produced in a nuclear reactor are neutronrich isotopes and will preferably lead to β⎯-emitters with a
mass of one unit higher than the stable target isotope. Isotopes
produced like this are of relatively low specific activity as the
produced isotopes of the same element as the target. Thus the
produced isotope cannot be chemically separated from the
target isotope. In different regions of the nuclear reactor where
fast neutrons dominate, a different nuclear reaction such as the
(n, p) reaction may occur. In this case, the mass of the
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produced isotope will not change. However, by eliminating a
proton from the target isotope a change in the element (one
unit lower) will occur. In this case a chemical separation of the
product from the target matrix is possible. In these way high
specific activity nuclides, either completely carrier free (c.f.)
or at least no-carrier added (n.c.a), can be obtained (Manual
2003; Saha 2004; Guhlke et al. 2007).
In the reactor, two types of interaction with thermal
neutrons are of considerable importance in the production of
various useful radionuclides: fission of heavy elements and
neutron capture or (n, γ) reaction.

I.3.1.1. 1. Fission or(n, f) Reaction
As already mentioned, fission is a breakup of a heavy
nucleus into two fragments of approximately equal mass.
When a target of heavy elements is inserted in the reactor core,
heavy nuclei absorb thermal neutrons and undergo fission.
Fissionable heavy elements are 235U, 239Pu, 237Np, 233U, 232Th,
and many others having atomic numbers greater than 90.
Fission of heavy elements may also be induced in a cyclotron
by irradiation with high energy charged particles. Nuclides
produced by fission may range in atomic number from about
28 to nearly 65. These isotopes of different elements are
separated by appropriate chemical procedures that involve
precipitation,
solvent
extraction,
ion
exchange,
chromatography, and distillation. The fission radionuclides are
normally carrier-free or NCA, and therefore isotopes of high
specific activity are available from fission. Since the chemical
behavior of isotopes of many different elements is similar,
contamination often becomes a serious problem in the
isolation of a desired radionuclide; therefore, meticulous
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methods of purification are needed to remove the contaminants
(Saha 2004).
Many clinically useful radionuclides such as 131I, 99Mo,
133
Xe, and 137Cs are produced by fission of 235U. An example
of thermal fission of 235U is presented below, showing only a
few representative radionuclides:

I.3.1.1.2. Neutron Capture or (n, γ )Reaction
In neutron capture reaction, the target nucleus captures one
thermal neutron and emits γ -rays to produce an isotope of the
same element. The radionuclide so produced is therefore not
carrier-free and its specific activity is relatively low. This
reaction takes place in almost all unless impurities develop due
to decay of various radioisotopes or extraneous radionuclides
produced by impurities in the target. In all these cases,
chemical separation must be carried out. Various useful
radionuclides produced by this reaction are 131Te (which
produces 131I by β¯decay with a half-life of 25 min), 99Mo,
197
Hg, 59Fe, 51Cr, and many more. These radionuclides are
often neutron rich and therefore decay by β¯emission (Saha
2004; Guhlke et al. 2007).

I.3.1.2. Cyclotron-Produced Radionuclides
Because acceleratable particles are of a charged nature,
typical cyclotron produced isotopes are neutrons deficient.
They are produced by irradiation of stable target compounds
- 18 -

with charged particles like protons (p), deuterons (d) or helium
nuclei (α). Because of the neutron deficient nature of the
produced isotopes, they tend to stabilize by electron capture
(EC) or by positron emission (β+). These decay modes are
particularly useful for nuclear medicine purposes as EC
usually is not accompanied by β¯-emission and they are thus
useful diagnostic isotopes. Positron emitting isotopes are also
typically produced using cyclotrons. As they are extensively
used in positron emission tomography(PET) (Stocklin 1993;
Qaim et al. 2001; Saha 2004; Qaim 2005).
In a cyclotron, charged particles such as protons, deuterons,
a particles, 3He particles, and so forth are accelerated in
circular paths in dees under vacuum by means of an
electromagnetic field (Figure 1.2). These accelerated particles
Can possess a few kiloelectron volts (keV) to several billion
electron volts (BeV) of energy depending on the design and
type of the cyclotron. Since the charged particles move along
the circular paths under the magnetic field with gradually
increasing energy, the larger the radius of the particle
trajectory, the higher the energy of the particle. Heavy ions
such as 16O, 14N, and 32S have also been successfully
accelerated in heavy-ion accelerators (Stocklin 1993; Qaim
2003; Schyer 2003; Ruth 2003)

Figure 1.2. Schematics of a cyclotron
V, alternating voltage; S, ion source;
A and B, dees with vacuum; D,
deflector; W, window.

When targets of stable elements are irradiated by placing
them in the external beam of the accelerated particles or in the
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internal beam at a given radius in a cyclotron, the accelerated
particles irradiate the target nuclei and nuclear reactions take
place. In a nuclear reaction, the incident particle may leave the
nucleus after interaction, leaving some of its energy in it, or it
may be completely absorbed by the nucleus, depending on the
energy of the incident particle. In either case, a nucleus with
excitation energy is formed and the excitation energy is
disposed of by the emission of nucleons (i.e., protons and
neutrons). Particle emission is followed by γ-ray emission
when the former is no longer energetically feasible. Depending
on the energy deposited by the incident particle, a number of
nucleons are emitted randomly from the irradiated target
nucleus, leading to the formation of different nuclides. As the
energy of the irradiating particle is increased, more nucleons
are emitted, and therefore a much greater variety of nuclides
are produced (Stocklin 1993; Qaim et al. 2001; Saha 2004).
Each nuclear reaction for the production of a nuclide has a
definite threshold or Q energy, which is either absorbed or
released in the reaction. This energy requirement arises from
the difference between the masses of the target nucleus plus
the irradiating particle and the masses of the product nuclide
plus the emitted particles. In nuclear reactions requiring the
absorption of energy, the irradiating particles must possess
energy above the threshold energy; otherwise, the nuclear
reaction would not take place.
The target material for irradiation must be pure and
preferably mono-isotopic or at least enriched isotopic in order
to avoid the production of extraneous radionuclides. The
energy and type of the irradiating particle must be chosen so
that contamination with undesirable radionuclides resulting
from extraneous nuclear reactions can be avoided (Qaim et al.
2001; Saha 2004; Guhlke et al. 2007).
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I.4. Chromium Chemistry
Metallic Chromium is rarely found in nature. It is one
element of sub-group (VIB) in the periodic table that has the
symbol Cr and atomic number 24. Chromium is a steel-gray,
lustrous, hard metal that takes a high polish, is fusible with
difficulty, and is resistant to corrosion and tarnishing.
Chromium is a very hard steel-gray metal (density 7.2088
gm.cm-3) with cubic crystalline form. Depending on the way of
preparation, it can attain a hardness of 9. It melts at 1890ºC
and has a boiling point of 2200 ºC (Greenwood and Earnshaw
2005; Wikipedia 2009).

I.4.1. History
In 1761, Johann Gottlob Lehmann found an orange-red
mineral in the Ural Mountains which he named Siberian red
lead. Though misidentified as a lead compound with selenium
and iron components, the material was in fact a lead chromate
(crocoite) (PbCrO4).
In 1770, Peter Simon Pallas visited the same site as
Lehmann and found a red "lead" mineral that had very useful
properties as a pigment in paints. The use of Siberian red lead
as a paint pigment developed rapidly. A bright yellow made
from crocoite became a very fashionable color.
In 1797, Nicolas-Louis Vauquelin received samples of
crocoite ore. He was able to produce chromium oxide (CrO3)
by mixing crocoite with hydrochloric acid. In 1798, Vauquelin
discovered that he could isolate metallic chromium by heating
the oxide in a charcoal oven. He was also able to detect traces
of chromium in precious gems, such as ruby, or emerald.
During the 1800s chromium was primarily used as a
component of paints but now the primary use (85%) is for
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metal alloys, with the remainder used in the chemical,
refractory and foundry industries. Since their discoveries the
metal and its compounds have become vitally important in
many industries and, as one of the biologically active
transition elements.
Approximately 15 million tons of marketable chromite ore
were produced in 2000, and converted into approximately 4
million tons of ferrochrome with an 2.5 billion US dollars
(Greenwood and Earnshaw 2005; Wikipedia 2009).

I.4.2. Abundance
Chromium, 122 ppm of the earth crust rocks, is comparable
in abundance with vanadium (136 ppm) and chlorine (126
ppm). The only ore of chromium of any commercial
important is chromite, FeCr2O4, which is produced principally
in southern Africa (where 96 % of the known reserves are
located). Other less plentiful sources are crocoite, PbCrO4, and
chrome ochre, Cr2O3, while the gemstones emerald and ruby
owe their colors to traces of chromium (pp. 107, 242).
Chromium was named based on the Greek word "chroma"
meaning color, because of the many colorful compounds made
from it (Greenwood and Earnshaw 2005; Wikipedia 2009).

I.4.3. Preparation
Chromium is produced in two forms
(a) Ferrochrome by the reduction of chromite(FeCr2O4) with
coke in an electric arc furnace. A low- carbon ferrochrome can
be produced by using ferrosilicon instead of coke as a
reductant. This iron-chromium alloy is used directly as an
additive to produce chromium- steels which are stainless and
hard.
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(b) Chromium metal by the reduction of Cr2O3. This is
obtained by aerial oxidation of chromite in molten alkali to
give sodium chromate, Na2CrO4, which is leached out with
water, precipitated and then reduced to Cr(III) oxide by
carbon. The oxide can be reduced by aluminum or silicon
(Othmer 1993; Greenwood and Earnshaw 2005;
Wikipedia
2009).
Cr2O3 + 2Al → 2Cr + Al2O3
2Cr2O3 + 3Si → 4Cr + 3SiO2

I.4.4. Applications
The main use of chromium metal so produced is in the
production of non-ferrous alloys, the use of pure chromium
being limited because of its low ductility at ordinary
temperature. Generally chromium is used in several industries:
1) In metallurgy, for corrosion resistance and a shiny finish:
• As an alloy constituent, e.g. in stainless steel.
• In chrome plating
• In anodized aluminium (literally turning the surface
of an aluminium part into ruby).
2) As a catalyst
3) As a metal polish Chromium trioxide(CrO3) is know
as Green rouge.
4) The Chrome green is the green oxide of chromium, Cr2O3,
used in enamel painting, and glass staining. It is the most
stable oxide, finds wide applications as a green pigment. It
is a semiconductor and antiferromagnetic below 35oC.
5) Chrome yellow is a brilliant yellow pigment, PbCrO4 or
crocoite, used by painters.
6) Chromite is used to make molds for the firing of bricks.
7) Chromium salts color glass an emerald green.
8) Chromium salts are used in the tanning of leather.
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9) Chromium is what makes a ruby red, and therefore is
used in producing synthetic rubies.
10) The chromates and oxides are used in dyes and paints.
11) Potassium dichromate is a chemical reagent, used in
cleaning laboratory glassware from any organic and as a
titrating agent. It is also used as a mordant (i.e. a fixing
agent) for dyes in fabric.
12) Chromium Dioxide (CrO2) has metallic conductivity and
its ferromagnetic properties lead to commercial important
in the manufacture of magnetic recording tapes which give
better resolution and frequency than those made of iron
oxide(Greenwood and Earnshaw 2005).
13) Chromium is used in other industries, such as wood
preservation, water cooling, textile industries and nuclear
power plant (Pijck 1960; Volesky 1990; Garg et al 2007;
Wikipedia 2009; Bingol et al. 2009).

I.4.5. Chemical Reactivity and Properties
At ambient temperature chromium resists atmospheric
attack, which is why so widely used to protect other more
reactive metals. It becomes more susceptible to attach at high
temperature.
The most common oxidation states of chromium are +2, +3,
and +6, with +3 being the most stable. +4 and +5 are relatively
rare. Chromium compounds of oxidation state 6 are powerful
oxidants.
As in the proceeding transition-metal groups, the refractory
behavior and the relative stabilities oxidation states can be
explained by the rule of the (n-1)d electrons. Compared to
vanadium, chromium has a lower m.p. and b.p. The 3d
electrons are now just beginning to enter the inert electron core
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of the atom and so are less delocalized by the formation of
metal bonds. This reflected the fact that the most stable
oxidation state is +3, while chromium(+6)is a strong oxidizer.
Besides the two previous oxidation states chromium has a less
common state, +2, +4 and +5 states are relatively rare
Chromium reactivity depends on its purity and it can easily
be rendered passive. Thus, it dissolves readily in hydrochloric
acid(dilute, or concentrated), in concentrated sulfuric acid, it is
nevertheless insoluble in nitric acid(dilute, or concentrated),
aqua regia and diluted sulphuric acid will rendered passive for
reasons which are no means clear. In the presence of oxidizing
agents such as KNO3, KClO3, alkali melts rapidly producing
CrO4-2
Chromium has a similar behavior to that of the elements, U,
W and Mo (which are homologies), but further more shows
some similarities with the elements of sub-group (VIA), of.
The analogue behavior of chromium with the elements of the
entire group VIB is furthermore illustrated by the isomorphous
crystallization of the chromates, as compared with the
molybdatea, tungstates, sulfates and selenates. The greater
similarity of chromium with Mo and W however, compared
with S and Se, is demonstrated by the fact that the first three
elements form iso and heteropolyacids, which is not the case
with S and Se (Pijck 1960; Greenwood and Earnshaw 2005).

I.4.6. Biological Role of Chromium
Trivalent chromium is an essential nutrient metal and is at
trace level required for the proper mammalian metabolism
includes (metabolism of sugar, glucose, cholesterol, fatty acid,
carbohydrate, lipid and protein). Its function with insulin is
responsible for clearance of glucose from blood-stream.
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Chromium deficiencies can affect the potency of insulin in
regulating sugar balance. Unlike other essential trace metals,
chromium has not been found in a metallo-protein with
biological activity. Therefore, the functional basis for the
chromium requirement in the diet remains unexplained
(Nriagu and Nieboer 1988; Barnowski et al. 1997; Yang et al.
2003; Martendal et al. 2009; Wikipedia 2009).

I.4.7. Chromium Toxicity and Precautions
The maximum Cr levels permitted in drinking are 5 mg/l
for Cr(III) and 0.05 mg/l for Cr(VI) (Garg et al. 2007; Bingol
et al. 2009; Wikipedia 2009). Hexavalent chromium is highly
irradiated and toxic to human and animals (it is 500 times
more toxic than trivalent form), even at low concentrations
(Levankumar et al. 2009). The lethal dose of poisonous
chromium (VI) compounds is about one half teaspoon of
material (Wikipedia 2009). It is highly mobile in soil and
aquatic system and also is high oxidant capable of being
adsorbed by the skin (US Department of Health and Human
Services 1991). Human toxicity includes immediate
cardiovascular shock, later effects on blood-forming organs
(Nriagu and Nieboer 1988; Yang et al. 2003), permanent eye
injury (Wikipedia 2009), lung cancer, as well as kidney, liver,
skin, mucous membranes and gastric damage (US Department
of Health and Human Services 1991; Garg et al. 2007).
Inhaling too much chromium cause fragile bones (Hutchins).
Over-exposure of chrome workers to chromium dusts and
mists has been related to irritation and corrosion to both skin
and respiratory tract (Wikipedia 2009; Bingol et al. 2009).
Ingestion may cause epigastric pain, nausea, vomiting, severe
diarrhea, and hemorrhage.It is carcinogenic agent that
modifies the DNA transcription process causing important
chromo-somic aberrations (Bingol et al. 2009).
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I.4.8. Chromium Isotopes
Chromium has 26 isotopes chromium range in atomic
weight from 42 a.m.u. (42Cr) to 67 a.m.u. (67Cr). The primary
decay mode before the most abundant stable isotope, 52Cr, is
electron capture and the primary mode after is beta decay the
different Cr isotopes and their nuclear characteristics are
given in Table 1.4.
Naturally occurring chromium is composed of 4 stable
isotopes; 50Cr, 52Cr, 53Cr and 54Cr with 52Cr being the most
abundant (83% natural abundance). 22 radioisotopes have
been characterized with the most stable being 51Cr with a halflife of 27.7 d. All of the remaining radioactive isotopes have
half-lives that are less than 24 hours and the majority of these
have half-lives that are less than 1 minute. This element also
has 2 meta states.
The most important isotope is 51Cr(T½=27.7 d) , decay by
electron capture to ground state of 51V with the emittion of a
320-keV gamma ray with 9% (Baum et al. 2002; Magill 2003).
Cr-53 is the radiogenic decay product of 53Mn. Cr isotopic
contents are typically combined with manganese isotopic
contents and have found application in isotope geology. MnCr isotope ratios reinforce the evidence from 26Al and 107Pd for
the early history of the solar system. Variations in 53Cr/52Cr
and Mn/Cr ratios from several meteorites must result from insitu decay of 53Mn in planetary bodies. Hence 53Cr provides
additional evidence for nucleosynthetic processes immediately
before coalescence of the solar system (Wikipedia 2009).
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Table 1.4. Chromium isotopes and their nuclear properties.
Nuclide
42

Cr
43
Cr
44
Cr
45
Cr
46
Cr
47
Cr
48
Cr
49
Cr
50

Cr

51

Cr

52

Cr

53

Cr

54

Cr

55

Cr
Cr
57
Cr
58
Cr
59
Cr
60
Cr
61
Cr
62
Cr
63
Cr
64
Cr
65
Cr
66
Cr
67
Cr
56

(T½)

Mode of Decay(keV)

14 m s.
20.8 m s.
53 m s.
50 m s.
0.26 s.
0.5 s.
21.6 h
42 m
a= 4.35%
σ = 15
27.7 d
a= 83.8%
σ = 0.8
a= 9.5%
σ =18
a= 2.37%
σ = 0.36
3.50 m
5.6 m
21.1 s.
7.0 s.
1.05 s.
0.49 s.
0.27 s.
209 m s.
129 m s
43 m s.
27 n s.
10 n s.
300 n s.

β+
β+, γ (1554)
β+
β+
β+
β+ (6400), γ(87)
E.C. γ (308, 112)
+
β (1400, 1500), γ (91, 153)
------------------------------E.C. γ(320)
-------------------------------------------------------------------------------------------------β¯(2600), γ(1528)
β¯(1500), γ(83, 26)
β¯(5100), γ(83, 850,
β¯, γ(683, 126, 290, 520)
β¯, γ(1238, 1900, 112, 663)
β¯(6700), γ(349, 410, 758)
β¯
β¯, γ(285, 355, 640)
β¯, γ(250, 3454)
β¯, γ(188)
β¯, γ(272, 1368)
β¯
β¯
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I.4.9. 51Cr Decay
51

Cr is produced by neutron capture on 50Cr (50Cr +n →51Cr
+ γ) with high cross sections for thermal and epithermal
neutrons (15.9 and 7.8 b., respectively). It decays by electron
capture with a Q-value of 751 keV (Figure 1.3.), to the ground
state of 51V (90.14% branching ratio) and to its first excited
state (9.86%), which de-excites to the ground state with the
emission of a 320 keV γ-ray. The mass difference between the
two atomic states, 51Cr and 51V is 751 keV, a few keV are
taken by rearrangement of X-rays and Auger electrons (5 keV
for K-capture and negligible for L-capture, with L/K= 10%).
The remaining part of energy is emitted as neutrino (internal
bremsstrahlung, (branching ratio 1.0X10-4)). The neutrino
spectrum consists of four mono-energetic lines (746 keV
(81%), 751 keV (9%), 426 keV (9%) and 431 keV (1%)). The
energy of the dominant neutrinos is 746 keV. The 320 keV γradiations emitted simultaneously with the 426 or 431-keV
neutrino (Anselmann et al. 1995; Cribier et al. 1996).

51

51

Cr

Electron Capture
51

Cr + e → 23V + νe

T½= 27.706 d

24

24

431 keV
(9.86%)
0.18 n sec

751 keV
(90.14%)

Eγ= 320 keV
51

V

23

Figure 1.3. Characteristics decay curve of
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51

Cr.

I.4.10. Chromuim-51 Applications
Traditionally, chromium[51Cr]-complexes have been used
for in vitro diagnostic procedures such as [51Cr]-(EDTA) to
determine the glomerular filtration rate and chromium[51Cr]labeled erythrocytes in vivo for red cell volume measurements
(Kowalsky and Perry 1987)or red cell survival studies (Lajtha
1961), gastrointestinal bleeding, blood volume, red cell lifespin(the lifetime of a red blood cell is 120 days)(Saha 2004), site
of red blood cell destruction and spleen imaging (ICSH 1980a;
Danpure and Osman 1994).
Other applications include: [51Cr]-EDTA to measure
intestinal permeability or as a test for coeliac disease; [51Cr]albumin to study albumin metabolism in dogs or for placental
localization; [51Cr]-labeled neutrophil to quantify neutrophil
chemotaxis; [51Cr]-labeled granulocytes in granulocyte life
span measurements (Kowalsky and Perry 1987); [51Cr]bleomycin for tumor detection; [51Cr]-microspheres for the
determination of capillary blood flow in random skin flaps in
pigs, regional flow in the lung or portal circulation in rats and
for examining yolk stalk function in posthatch broiler chicks ;
and [51Cr]-teflon particles (4 mm) for long-term lung clearance
in humans. The long half-life is often a disadvantage with
regard to radiation dose, but has advantages in dual-labeling
procedures (Borella et al. 1995; Tsopelasa et al. 2001).
The clinical pharmacology of 51Cr demonstrates that, 51Cr
is present in the hexavalent state, in which form it readily
penetrates the red blood cell, attaches to the hemoglobin, and
is reduced to the trivalent state. This state is maintained until
the red blood cell is sequestered by the spleen, at which time
the chromium is released to the plasma and is readily excreted
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in the urine. In the trivalent state, 51Cr is not re-utilized for
tagging of additional red blood cells. Since the product has a
high specific activity, adequate red blood cell tagging is
secured in minimum time without demonstrable effect on cell
life (Martinez et al.1966).

I.4.11. Radiological and Safety Data of Cr-51
I. PHYSICAL DATA
Radiation:

γ-320 keV (9.8% abundance)
X-ray 5 keV (22% abundance)
Gamma Constant: 0.018 mR/hr per mCi @ 1.0 meter [6.32E-6 mSv/hr
per MBq @ 1.0 meter]
Physical T½: 27.7 days
Half-Life [T½] :
Biological: 616 days
Effective T½: 26.6 days (whole body)
Specific Activity: 9.24 E4 Ci/g [3.42E3 TBq/g] max.

II. RADIOLOGICAL DATA
is classified as a medium toxicity isotope
0.145 mrem/uCi of 51Cr ingested
0.334 mrem/uCi of 51Cr inhaled
Critical Organ:
Lower Large Intestine [LLI]
Intake Routes:
Ingestion, inhalation, puncture, wound, skin
contamination (absorption);
Radiological Hazard: External & Internal Exposure, Contamination
Decontamination:
Contamination from Cr-51 activity in the
chromate form can be easily removed by washing
with water. The presence of oxalates and some
other complexing agents together with dilute acid
to prevent the formation of hydroxide facilitates
the decontamination of Cr-51 activity in the
trivalent state.
Radiotoxicity:

III. SHIELDING
Half Value Layer [HVL Tenth Value Layer [TVL]
- Lead [Pb]:
2 mm (0.07 inches)
6.6 mm (0.23 inches)
- Concrete:
2.8 cm (1.1 inches)
9.3 cm (3.7 inches)
- Plexiglas:
4.8 cm (1.9 inches)
16 cm (6.3 inches)
- The accessible dose rate should be background but must be <2 mR/hr.
- The gamma exposure rate at a distance of 1 cm from a 1 mCi point
source is 0.165 R/h. In practice, 2 cm of lead are sufficient for shielding
of 1Ci of Cr-51(Baltimore

M.D. 1998; URL decay calculator).
- 31 -

I.4.12. Production Methods of 51Cr
The production of Cr-51 is usually carried out either by
irradiation of enriched Cr-50 or by carrying out a SzilardChamer reaction on a suitable chromium compound containing
Cr-50 in natural isotopic abundance{50Cr(VI) converts by
irradiation to 51Cr(III) which can easily be separated from the
inactive 50Cr(VI)}. Carrier free Cr-51 can be prepared in small
quantities by deuteron bombardment of vanadium target.
Chromium, enriched in 50Cr(80-90%), in metal or oxide
form, is irradiated in a high neutron flux (Canada, USA, UK)
of at least 1013 n/cm2.s. for about 4 weeks to obtain
moderately high specific activities. At higher fluxes
(1014 n/(cm2.s), specific activities up to 30-100 Ci/g Cr have
been obtained. The irradiated material is dissolved in HCl and
the chromic chloride formed may be oxidized to chromate if
required.
For Szilard-Chalmers technique, the difference in the
valency state of the recoiled 51Cr(III) produced is utilized in
effecting a chemical separation of the product from the target
material Cr(VI)(Karim 1973; Verma 1996; Lilley 2002;
Sukadev Sahoo and Sonali Sahoo 2006). Various compounds
have been used as target materials (France, India, Norway,
Spain). One frequently used target is potassium chromate. The
irradiated material is dissolved in dilute alkali and the trivalent
chromium is initially separated, either by carrier precipitation
or alumina column chromatography, and finally oxidized to
the chromate form. The enrichment factor, the specific activity
and the yield depend on the individual irradiation
conditions. The Szilard-Chalmers process is particularly useful
for obtaining high specific activity Cr-51 in development
countries where enriched Cr-50 may not be readily available,
and where irradiation in high flux reactors is not possible (ElGarhy and Hallaba 1969)..
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Sodium chromate-51Cr have been prepared by irradiating
potassium chromate target (16-19 g) in the core of PARR at a
thermal flux of 2X1013 n/(cm2.s) for 48-96 h and cooling of one
week for radioactive decay of K-41. In this method 20-24%
51
Cr(III) has been recovered by coprecipitated with ferric
hydroxide and this enriched chromium has been separated from
the carrier using Dowex AG1-X8 anion exchange resin column.
Sodium chromate-51Cr of 20Ci 51Cr/g Cr specific activity has
been prepared (Karim 1973). Cr-51can also be produced by
long irradiation time (24 d) of natural chromium metal (99.9%
pure) at a thermal flux of 5X1013 n/(cm2.s) in HIFAR, Lucas
Height, Australia. Chromium-51 chloride solution of (>0.81Ci
51
Cr/g) specific activity has been prepared by this method
(Manual 2003).
Chromium targets may be enriched chromium metal or
oxide, potassium chromate or other compounds of hexavalent
chromium, complexes of chromium including chromium
loading on ion exchanger resin and metallic vanadium, Table
1.5., (NDS 1960; Henery 1963).
Table 1.5. Nuclear reactions of Cr-51 and yields.
Reaction
50

Cr(n, γ) 51Cr

52

51

Cr(n, 2n) Cr

Abundance
(%)
4.31

51

5.82

50

51

V(d, n) Cr

0.24

V(d, 2n) 51Cr

99.76

51

16.3

Activity at 1013
n/(cm2.s), (mCi/g)
24h 5d sat.
59

295 2320

83.76

54

Fe(n, α) Cr

Crosssection
(barn)

0.0074 nf
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0.055 0.270 2.22

I.4.13. Separation Studies of Cr(III) and Cr(VI)
Generally, there are different methods for the separation
(Yusof et al. 2007; Rengan 1997; Devaragudi et al. 1997;
Batley and Matousek 1980; Peraniemi and Ahlgren 1995;
Brescianini et al. 1988; Bulut et al. 2007) and quantification of
chromium ions such as atomic electro-thermal absorption
spectroscopy (AETAS) (Jayasinghe et al. 2003), electrothermal atomic absorption spectrometry(ETAAS) (Lee et al.
2008) instrumental neutron activation analysis (INAA) (Yusof
et al. 2007), flame atomic absorption spectrometry (FAAS)
(Divrikli et al. 2007) and inductive coupled plasma-mass
spectroscopy(ICP-MS)(Yusof et al. 2007) have been achieved,
but an accuracy and a sensitivity of the measuring of Cr(III)
and Cr(VI), and the characterizing between them are often
difficult.
Martendal et al. (2009) have developed chromium
speciation using solid phase extraction. The adsorption
behavior of Cr(III) and Cr(VI) on Nb2O5–SiO2 allowed the
selective separation of Cr(III) from Cr(VI) in the pH range of
6–9. Thus, a method for Cr(III) preconcentration and
extraction using Nb2O5–SiO2 was developed. In all of these
cases, total chromium was determined after reduction of
Cr(VI) to Cr(III). In the same sequence Cr(III) was
quantitatively sorped from Cr(VI) on Bacillus sphaericusloaded Diaion SP-850 at pH 5 (Tuzen et al. 2007), crosslinked
chitosan-bound FeC nanoparticles at pH 6–10 (Wu et al. 2007),
nanometer titanium dioxide at pH 7–9 (Liang et al. 2006 ), and
nanometer-sized zirconium oxide immobilized on silica gel
(Ren et al. 2007) have been proposed.
On the other hand, XAD-2010 (Bulut et al. 2007), a poly
(styrenedivinylbenzene) copolymer with high adsorption
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capacity, and multiwalled carbon nanotubes (Tuzen and Soylak
2007), alkyammonium salts (Noroozifar and KhorasaniMotlagh 2003) and tributyl phosphate (Ouejhani et al. 2003),
have been used to concentrate Cr(VI). After oxidation of Cr(III)
to Cr(VI), the proposed methods were applied to the
determination of total chromium. The level of Cr(III) is
calculated as the difference between the total chromium and
Cr(VI) levels. In the same way a solid phase extraction
procedure has been established for chromium speciation based
on the solid phase extraction of the Cr(VI) by Dowex M 4195
chelating resin. After oxidation of Cr(III) to Cr(VI) by using
H2O2 (Saygi et al. 2008).
Another strategy (Maltez and Carasek 2005) used for
chromium separation is to adsorb Cr(III) and Cr(VI)
sequentially onto silica gel modified with zirconium phosphate
and silica gel modified with zirconium oxide, (Bağ et al. 2000)
by Saccharomyces cerevisiae immobilized on sepiolite (Noro
et al. 2001) by 8-quinolinol and macroporous resin and
(Sperling et al. 1992) preconcentration with selective sorption
on activated alumina .
Different methods for chromium separation and
determinations are discussed in the following;
A combined system of inductively coupled plasma mass
spectrometry (ICP-MS) with ion chromatography(IC) was
used for the separation of Cr(III) and Cr(VI). Excelpak ICSA23(75×4.6 mm I.D.) packed with hydrophilic polymer based
anion exchange resin after chelation with (EDTA)(Inoue et
al. 1995), a RSpak NN-8144DP (PEEK, 4 mm×150 mm) multimode column(Hagendorfer and Goessler 2008), Nucleosil100, C18(5 µm, 250×4.6 mm) after chelation of Cr(III) with
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EDTA (Threeprom et al. 2005) and a new anion-exchange
column(G3154A/102)(Chen et al. 2007) were used as
separation columns and mobile phases of EDTA-2NH4–oxalic
acid (Inoue et al. 1995), ammonium sulfate-ammonium nitrate
(Hagendorfer and Goessler 2008), octyl-ammonium orthophosphate and MeOH (Threeprom et al. 2005) and NH4NO3NH4H2PO4(Chen et al. 2007) were used.
Speciation of Cr(III) and Cr(VI) based on the formation of
different complexes with ammonium-pyrrolidinedithioate and
their preconcentration using solid phase extraction have been
elaborated. The Cr complexes were separated and determined
using reversed phase-PLC (RP-HPLC) coupled to different
detection methods such as graphite furnace- AAS(GF-AAS)
and ICP-MS(Andrle et al. 1997).
A simple and sensitive method for the speciation,
separation and preconcentration of Cr(VI) and Cr(III) in
natural water, soil and sediment samples was developed.
Cr(VI) has been separated from Cr(III) and preconcentrated as
Cr(III)–diphenylcarbazone complex by using Ambersorb 563
resin (Narin et al. 2006)
A method for separation–preconcentration of Cr(III) and
other heavy metal ions by membrane filtration has been
described. The method based the determination of analyte
metal ions by (FAAS) (Divrikli et al. 2007) and by (AAS)
(Soylak et al. 2002) before its collection on a cellulose nitrate
membrane filter (Divrikli et al. 2007) and the collection of
metal–calmagite complexes on a cellulose nitrate membrane
filter (Soylak et al. 2002).
Biosorption is an emerging and attractive technology which
involves sorption of dissolved substances by a biomaterial. It
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is a potential technique for the removal of heavy metals from
industrial wastewater (Veglio and Beolchini 1997). The main
advantages of this technique are the reusability of biomaterial,
low operating cost, improved selectivity for specific metals of
interest, removal of heavy metals from effluent irrespective of
toxicity, short operation time, and no production of secondary
compounds which might be toxic (Mungasavalli et al. 2007).
Different types of biomass have been investigated for the
biosorption characteristics of chromium ions from aqueous
solution. The lichens are dual organisms an association
between an alga and a fungus. Lichens act as bioaccumulators
due their capacity to adsorb pollutants from the environment.
(Uluozlu et al. 2007) have investigated the biosorption
characteristics of Pb(II) and Cr(III) ions from aqueous solution
using the lichen (Parmelina tiliaceae) biomass. The optimum
biosorption conditions were determined as a function of pH,
biomass dosage, contact time, and temperature. Seki et al.
(2005) have used the methylated yeast (MeYE) in the
adsorptive separation of Cr(VI) and As(V) anions from
aqueous solutions.
A highly efficient ultrasonic-assisted method was
successfully applied to prepare the strong fluorescence
Tb/acetyl acetone (acac)/poly (2-Acrylamidoglycolic acid
monohydrate (Wang et al. 2008), and Tb/acetyl acetone
Poly acrylamide) composite nanoparticles (Wang et al. 2006 ).
Based on the fluorescence quenching of Tb/acac/PAAM
(Wang et al. 2008) and Tb/acac/PAM (Wang et al. 2006) by
Cr(VI), a method for the selective determination of Cr(VI)
without separation of Cr(III) was developed.
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Depending on the kinetic inertness of the chromium(III) ion
towards substitution reactions with oxalate, selective
separation of chromium from other transition elements was
investigated. Most transition elements, with the notable
exception of chromium, react rapidly with oxalate, and may be
sorbed on a strongly basic anion-exchange resin as anionic
oxalato complexes. On the other hand chromium sorbed on a
cation-exchange resin is not eluted with oxalic acid solutions.
This permits separation of chromium from other elements
which react rapidly with oxalate (Mulokozi et al. 1975).
Amberlite IRA 93 anion exchanger was used in the oxalate
form for separation of Cr(III) from a set of impurities(Al, Bi,
Cd, Co, Cu, Fe, Mn, Ni, Pb, Ga and Zn). The impurities are
forming strong complexes rapidly and retained on the
(Amberlite IRA 93) exchanger at pH range 2–6 while Cr(III)
passed in the effluent (Venkateswarlu et al. 2006).
Chromium speciation in urine was carried by
photocatalysis. The nano-Au/TiO2 photocatalysis reduction
device comprised a UV lamp and a Tygon tube coated with
nanocrystalline Au/TiO2 films. Cr(VI) was adsorbed and
photoreduced to Cr(III), and Cr(III) was eluted using formic
acid and subsequent determined by electrothermal atomic
absorption spectrometry (ETAAS) (Lee et al. 2008).
Krishna et al. (2004) have described a rapid, sensitive and
selective method the determination of chromium(VI) in
presence of 100-fold amounts of chromium(III) by (FAAS) in
conjunction with coprecipitative preconcentration of its ethyl
xanthate complex onto naphthalene.
Pappert et al (1999) have used soft X-ray spectrometry in
analysis of chromium containing compound in metallurgical
processes by using an electron source for low-energy electrons
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(2-6 keV) instead of the usual X-ray tube. Essentially better
results are obtained, in comparison to the conventional X-rayfluorescence spectrometer, where X-Ray-spectra in the soft-Xray area (2-15 nm) contain all the information necessary for
characterization and quantification of chromium compounds.
Using this X-ray technique, differentiation between Cr(III) and
Cr(VI) is possible with sufficient precision.
Béni et al. (2007) investigated the speciation of Cr(VI)
from Cr(III) in waters by liquid–liquid extraction and GFAAS
determination. Where diperoxo chromium oxide is produced
by the reaction of hydrogen peroxide on Cr(VI). Diperoxo
chromium creates a complex with ethyl acetate, while Cr(III)
remains in an unchanged form in the aqueous phase. By this
means Cr(VI) can be extracted into ethyl acetate from the
aqueous phase.
A separation–preconcentration procedure based on the
coprecipitation of Cr(III) and other heavy metal ions with
copper(II)–5-chloro-2-hydroxyaniline precipitate (Tuzen et al.
2008), Cu(II)–9-phenyl-3-fluorone(Aydin and Soylak 2007)
and with erbium hydroxide have been developed(Soylak et al.
2005). The coprecipitant with erbium hydroxide could be
easily dissolved with HNO3. The presence of up to 15 g/l of
erbium ions did not interfere with the AAS determination of
analyte ions.

I.5. Ion Exchanger and Surfactants
Ion exchangers may be defined as three-dimensional
networks to which either positive or negative charges are
affixed. Electrical neutrality is preserve by mobile or
displaceable ions of the opposite charge (counter ions) which
may be exchanged for others in the surrounding medium. As
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implied by this broad definition, a large number’ of’ organic
and inorganic materials have ion exchange properties.
During the past few years ion exchange has become firmly
entrenched as a separations tool. Its great popularity stems
from its theoretical and practical simplicity, its insensitivity to
concentration, its versatility and broad applicability, its
rapidity for obtaining materials of extremely high purity and of
course, from the ready availability of reasonably stable ion
exchange materials. Ion exchange is ideally suited for
separations at the trace concentrations so typical for radiochemical work and indeed, ion exchange and radiochemical
developments have been closely allied. Further, because ion
exchange columns are simple to operate, easily shielded and
adaptable to remote control, their use is attractive, even at
relatively high activity levels
The ion exchange materials currently used most extensively
for separations are the synthetic organic resins, particularly
those derived from copolymerlzatlon of styrene with the crosslinking agent, dlvinylbenzene. Their ion exchange properties
arise through incorporation of charged groups, such as
quaternary amines (anion exchangers) or sulphonic acids
(cation exchangers). They have high capacities, good chemical
stability, and wide versatility, low cost relative to synthetic
inorganic materials and show fairly rapid exchange rates.
Their limited radiation stability prevents their use at extremely
high radiation levels. However, at relatively high radiation
densities where resin destruction occurs, other radiationinduced problems arise, such as bubble formation in the
columns or destruction of organic complexing agents.
These resins show little selectivity for ions of the same
charge type and structure and separation factors are often
small. Larger separation factors can often be obtained with
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more highly cross-linked resins, but unfortunately, usually at
the expense of a decrease in exchange rates. To meet the need
for more selective exchangers, resins have been synthesized
which contain special functional groups such as those derived
from dipicrylamine, EDTA (ethylenediaminetetraacetic acid),
8-hydroxyquinoline, etc. This resins higher selectivities for
some elements or groups of elements than the "standard".
For radiation stable and nonsiliceous inorganic ion
exchange materials, hydrous zirconium oxide and a number of
other insoluble hydrous oxides were found to exhibit anion
exchange and cation exchange properties in acidic and basic
solutions,respectively. Acid salts such as zirconium phosphate,
tungstate, and molybdate behave as cation exchangers. These
materials have reasonably high capacities, good exchange rates
and selectivities, and along with the "classical" adsorbent,
activated alumina, should find many applications in inorganic
and radiochemical separations (Kraus and Nelson 2007;
Naushad 2009).
Inorganic ion exchangers, besides their other advantages in
being more stable at high temperatures and radiation fields,
they are stable towards chemical degradation and possess
sharp selectivity for metals over their organic analogs (Mittal
et al. 2006).
A fibrous ion exchangers have received much attention as
they exhibit high efficiency in the process of sorption from
gaseous and liquid media and they can be produced in
different convenient forms, such as staples, nets, clothes etc
opening up many possibilities for new technological processes.
These materials consist of monofilaments of uniform size
ranging in diameter between 20 and 300 µm. The small
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diameter of monofilaments, the uniformity and their thickness
provide high rate and efficiency ion-exchange processes.
Recently, some efforts have been made to synthesize new
hybrid types of ion exchanges materials, i.e. obtained by
combining organic monomers (e.g., acrylamide, n-butyl
acetate, etc) and /or polymers (e.g., polystyrene, polyacrylonitrile etc) with inorganic acid salts. The combination yields
hybrid materials that have promising ion-exchange
characteristics, good ion exchange capacity, mechanical
strength, better stability than their pure inorganic exchangers,
reproducibility, and higher selectivity for heavy metal ion
indicating its useful environmental applications (Varshney et
al. 1998; Kotze and Cloete 1992; Bajaj et al. 1994).
Surfactants or surface-active agents are amphiphilic,
organic or organometallic molecules with a hydrophobic group
and together a hydrophilic group, which enhance the
adsorption of metals ions from aqueous media by reducing
interfacial tensions between two liquids, or between a liquid
and a solid (Cullum 1994). The use of surfactants has been
found to be beneficial in enhancing the adsorption behavior of
inorganic ion exchangers for alkaline earth and heavy metal
ions. Surfactants have widespread importance in various fields
like detergent industry, catalysis analytical chemistry etc. The
preliminary work (Varshney et al. 2007; Baral et al. 2009;
Ohashi et al. 2007) has shown promising results in this regard.
Encouraged by this, efforts have therefore been made in
laboratories to synthesize some surfactants based ion exchange
materials

such

as

sodium

dodecyl

sulphate

based

cerium(IV)phosphate (SDS-CeP) and Triton X-100 based
cerium(IV) phosphate (TX-100CeP). The studies showed that,
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the addition of surfactant, SDS and TX-100 in the matrix of
Ce(IV)phosphate enhances the ion exchange capacity. Further,
SDS-CeP and TX-100CeP are quite thermally stable (Somya
et al. 2009; Varshney et al. 2008).

I.6. High Performance Liquid Chromatography
HPLC technique is increasingly being used in quality
control laboratories because it is simple, fast, highly sensitive,
has smaller operational costs as compared to some advanced
techniques such as ICP-MS and has also been utilized with UV
detection (Masanobu et al. 2008; Panusa et al. 2007;
Baranowska et al. 2006; El-Azony et al. 2008).
HPLC technique has been used for the separation and
quantification of La(III), Sm(III), Eu(III) and Lu(III) and
other lanthanides, by using 2-ethylhexylphosphonic acid
mono-2-ethylhexyl ester (EHEHPA) (Tsuyoshi and Akiba
2000), di(2-ethylhexyl) phosphoric acid (DEHPA) (Ohashi et
al. 2007) as a chelating agents in the mobile phase mixture, the
stationary phase represents the reversed phase column.

I.7. Organophosphorous Compounds and Separation
Organophosphorous acid derivatives such as di-(2ethylhexyl) phosphoric acid (DEHPA) (Mellah and Benachour
2006; Hannel et al. 2007), 2-ethylhexyl-phosphonic acid
mono-2-ethylhexylester(EHEHPA)(Jayachandran and Dhadke
1998; Ramachandra Reddy et al. 2004),bis(2,4,4-trimethylpentyl) phosphinic acid (HBTMPP) (Zhang et al. 1996; Saji et
al. 2000) tributyl phosphate (TBP) (Thomas Jesty et al. 2003;
Saji and Reddy 2001), Cyanex 923(Remya et al. 2003, 2004)
and di(2-ethylhexyl) dithiophosphoric acid (D2EHDTPA)
(Touati et al. 2009; Sekine et al. 1997) have been widely used
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for the extraction of Ti(IV), Zn(II), Bi(III), Ga(III), Zr(IV),
V(IV), V(V), Cd(II) and Fe(III) from both acidic chloride and
sulfate solutions. Ln(III), Eu(III) and Lu(III) have been
separated and concentrated with DEHPA in the presence of
TX-100 (Ohashi et al. 2007), Zr(IV) was quantitatively
extracted from 1 M HCl with 2-ethylhexyl phosphonic acid
mono-2-ethylhexyl ester(PC-88A) as the extractant
(Ramachandra Reddy et al. 2004). Among neutral organophosphorus extractants, (TBP) in combination with methylisobutyl
ketone has been used for the selective extraction of ferric
chloride from titania waste chloride solutions (Saji and Reddy
2001). Trialkylphosphine oxide cyanex-923 (TRPO) loading
capacities for iron(III) and vanadium(V) from hydrochloric
acid solutions are signify-cantly higher than for the TBP
(Thomas Jesty et al. 200; Remya et al. 2004), D2EHDTPA as
extractant showed high affinity to Cd(II) in phosphoric acid
solutions (Touati et al . 2009).
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CHAPTER (II)
EXPERIMENTAL

The experimental part of the work is fully described here.
It

includes

chemicals,

reagents,

instrumentation

and

preparations, experimental designed and techniques.

II.1. Materials and Methods
II.1.1. Chemicals and Reagents
All chemicals and reagents used in this work were
analytical grade, and double distilled water was used
throughout the work.
Acids and Liquids
• Hydrochloric acid 37% (HCl, density 1.19 g/cm3) Sigma.
• Sulphoric acid 98% (H2SO4, density 1.415 g/cm3) Merck.
• Nitric acid 67.7%( HNO3, density 1.41 g/cm3) Loba
chime.
• Orthophosphoric acid 85% (H3PO4, density 1.427g/cm3)
BDH.
• Triton X-100, T-octylphenoxyl-poly(ethoxyethanol)
(M.Wt.= 646 gm, density 1.49%) Sigma.
• Di(2-ethylhexyl)phosphoric acid (DEHPA), M.Wt.=
306.43 gm, density 1.442 1.427g/cm3) Fluka.
• Acetone (M.Wt.=58.08 gm) Aldrich.
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Solid Materials
• Chromium metal (Cr, M. Wt.=58.99 gm) Merck.
• Potassium chromate(K2CrO4, M.Wt.=194 gm) Merck.
• Permutit cation exchanger, the Permutit Company LTD,
Permutit House Gunnersbury Avenue London. W4
(SRC 13) Cation Exchanger resin unifunctional
sulphonated polystyrene beads sodium form 14-52
mesh, 8% DVB average cross linking 0.9-1.0 W.R.
• Ammonium cerium sulphate dehydrate [Ce(NH4)]SO4.
2H2O, M.Wt.=632.55 gm) Aldrich.
• TX–100Ce(IV)P cation exchanger has been synthesized
in the laboratory according to the procedures
reported by (Varshney et al. 2008; El-Azony et al.
2011), and described in the part II.3.1.

II.2. Instruments
• Infrared (IR) analysis on the synthesized TX-100CeP was
carried out by Jasco FT/IR 6300-RFT spectrometer.
• Differential thermal analysis(DTA) and thermogravimetric
analysis (TGA) were achieved by Shimadazu
DTA-40 analyzer Shimatzu-Kyoto (Japan).
• X-ray diffraction analysis was performed by PHLIPS PW
3710/31diffractometer

with

automatic

sample

changer PW1775, (21position), scintillation counter,
Cu-target tube and Ni filter. This instrument is
connected to a computer system using X-40
diffraction program and ASTM cards for mineral
identification.
•

X-ray fluorescence analysis was used to measure cerium
and phosphorous content of (TX-100CeP) using
PHLIPS X Unique II spectrometer with Rh-anode
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target tube and both lithium fluoride (LIF-220) and
penta-erythretol(PE-001) as analyzing crystal.
• Elemental Analyzer Flash EA-1112 Series was used for
the quantification of hydrogen, nitrogen and carbon
(H, N and C).
• Cr(III), Cr(VI) and Ce(IV) were determined by HPLC
[Merck-Hitachi Model], L-6000 pump, equipped
with a Rheodyne injector (Syringe Loading Sample
Injector–7125), L-4000 UV Spectrophotometric
Detector Merck, D-2500 Chromat-Integrator and
stationary phase comprising a reversed phase
nucleosil phenyl column (250 × 4.6 mm, 5 µm).
• The radioactive tracer

51

Cr was analyzed by Gamma-ray

spectrometer:AMPTEK GAMMA-Ray Spectrometer,
GAMMA-8000 with a lab top computer and includes
76 X 76 mm NaI(Tl) scintillator with PMT digital
plus processor, shaping amplifier and MCA800-A in
a combined unit. Also, radioactivity was measured
by means of a gamma counter (Nucleus Model 2010)
connected with a well type NaI (Tl) crystal.

II.3. Preparation of Reagent Solutions
II.3.1. Preparation of Solutions for Synthesis of TX-100CeP
Ion Exchanger
Solutions of 0.05 M Ce(NH4)SO4 were prepared in 0.5M
H2SO4 and solutions of 0.0001M Ttriton X-100 and 6M H3PO4
were prepared in H2O. TX-100CeP ion exchanger material
was prepared by adding one volume of 0.05 M Ce(NH4)SO4
solution in two volumes of a (1:1) mixture of 6M H3PO4 and
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10-4 M TX-100 solutions drop-wise with constant stirring
using a magnetic stirrer at a temperature of 60±5º C. The
resulting slurry was stirred for 3.5 h at this temperature,
filtered and then washed with double distilled water till pH 4
before drying at room temperature. It was cut into small pieces
and converted into H+ form by treating with 1M HNO3 for 24 h
and was finally, washed with double distilled water, dried at
45º C and sieved to obtain particles of size 50–70 mesh.
II.3.2. Preparation of Standard Solutions of Cr(III), Cr(VI)
and Ce(IV)
A solution of Cr(III) (1 mg/ml) was prepared by dissolving
1g chromium metal in a small volume of concentrated HCl
with heating till almost dryness, and re-dissolving of the
remaining amount in one liter of 10-4 M HCl acid. The solution
of 1mg/ml Cr(VI) or Ce(IV) was prepared by dissolving 3.73
or 4.52 g of

potassium chromate or ammonium cerium

sulphate dihydrate, respectively, in one liter of 10-4 M HCl
acid. Then, the standard solutions of each of Cr(III), Cr(VI)
and Ce(IV) in the range 1-50 µg/ml were prepared for their
injections separately with different concentrations from that
elements into the HPLC to plot the standard curves, which
used to determine the unknown concentration.
II.3.3. Target Irradiation
51
Cr is produced through the irradiation of natural
chromium metal(100mg) or potassium chromate(376 mg) at
the Egypt Second Research Reactor at Inshas, ETRR-2. The
reactor is a multipurpose one of 22MW power, open pool type,
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light water cooled and moderated with reflectors Be. The
reactor facility compromises target preparation labs, hot cells
for radioisotopes handling, as well as transportation facilities
(Abd El-Razak 2000). Accurate amounts of the target (100mg)
are wrapped in thin aluminum foils that were previously
cleaned with acetone, dried by hot air and delivered to the
target preparation laboratory at ETRR-2. They are placed in
thick aluminum irradiation capsules of 23mm diameter and
22.3 cm3 useful volume, made of high purity aluminum
(99.5%) without alloy. The capsules are well soldered to avoid
sample contamination by reactor coolent water. The capsules
are placed in aluminum irradiation box of useful length of 670
mm. Then, the samples is irradiated at one of the 26-irradiation
positions of the reactor core with thermal neutron flux of 1014
n./(cm2.s) for 4 h. At the end of irradiation using thermal
neutrons to give the (n, γ) reaction, the capsules are extracted
from the main reactor pool and transferred to the reactor hot
cell where the capsules are decanned. The samples are left to
cool for suitable period of time (7d) where short lived
radioisotopes are decayed (42K, T½=12h). The capsules are
then placed in dedicated one-shield capsule container and
transported to the research laboratory. The irradiated
chromium target is received in fume hood cell behind a lead
shield of 10 cm thick.
II.3.4. Preparation of 51Cr Tracer solution
51
Cr tracer solution used in the optimization studies was
prepared by irradiation of natural potassium chromate as
described above, and dissolved in 10 ml of 10-2 M HCl. (100
mg) inactive chromium metal as a carrier for 51Cr(III) was
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dissolved in 4 ml 10 M HCl with heating (~85°C) for about 15
min in another vial, then, 10 ml of 10-2 M HCl was added into
that vial. The two solutions were mixed together to have a
final solution of 20 ml volume and a concentration 5 mg/ml
for each of 51Cr(III) (containing inactive Cr(III) as carrier) and
Cr(VI) ion that was used to confirm the final 51Cr separation
procedures.

II.4. HPLC Analysis

A fifteen µl of the known concentration ranging 1─9 µg for

Cr(III) or Cr(VI) and 1-30 µg for Ce(IV) were directly injected
into the HPLC with the stationary phase of a reversed phase
column (Nucleosil phenyl column; 250×4.6 mm,5 µm) using
10-3 M DEHPA in a mixture of methanol : water (70: 30 v/v)
as a mobile phase with flow rate 0.5 ml/min. The standard
curves were obtained in 1.0 M HCl, 40% acetone+0.1MHCl
for Cr(III), in H2O, 0.1M, 0.01M, 0.001M, 0.0001M HCl for
Cr(VI) and in 1.0 M HCl for Ce(IV). A metal ion [Cr(III),
Cr(VI) and Ce(IV)] complex with DEHPA was detected at a
retention times 7.0, 8.5 and 6.4 min for Cr(III), Cr (VI) and
Ce(IV), respectively at wavelength 650 nm as shown in
Figures 2.1(a, b and c) and 2.2.

II.5. Chemical Stability
An amount of the TX-100CeP (50 mg) was equilibrated
(by batch technique described in the part II.6) at 25±1ºC in 5.0
ml of different concentrations of HCl acid solution (0.01, 0.1,
0.5, 1.0, 2.0, 3.0, 3.5, 4.0 and 5.0 M), and was intermediately
shaken by the Shaker overnight. The Ce(IV) content of the
supernatant liquid solution was measured by HPLC.
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Cr concentration (µg/ml)

Retention time (min)

Figure 2.1(a, b and c). HPLC elution profile of (a) Cr(VI),
(b)Cr(III) and (c)mixture of Cr(III) and Cr(VI) at a flow rate
of 0.5 ml/min.
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Ce(IV) concentration (µ g/ml)

Retention time (min)

Figure 2.2. HPLC elution profile of Ce(IV) at a flow rate
of 0.5 ml/min.
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II.6. Batch Experiment
The distribution coefficients (Kd) of Cr(III) and Cr(VI) ions
were determined by batch experiment. The experiment was
carried out in two series, each of Cr(III) and Cr(VI) was
separately studied in a series; which consists of ten clean dry
bottles, and each bottle containing 100 mg of the TX-100 CeP
exchanger as a solid phase and 10 ml of different
concentration of HCl 10-4, 10-3, 0.01, 0.1, 0.5, 1.0, 1.5, 2.0, 3.0
and 4.0 containing 3 mg of Cr(III) ions in each bottle of the
first series or 3mg of Cr(VI) ions in each bottle of the second
series. This sequence was repeated for both TX-100Ce(IV)P
and Permutit exchanger. All the bottles were shaken overnight
at 25±1ºC, and then 15 µl of the liquid phase was drawn and
directly injected into the HPLC before and after the
equilibration to measure each of Cr(III) and Cr(VI) and to
quantify their distribution coefficients (Kd) by using the
following formula:

Kd =

I―F
F

V
M

(ml / g)

(1)

Where, F and I are the initial and final amounts of the metal
ions in the solution phase, V the volume of the solution (ml),
and M the amount of the exchanger (g).
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II.7. Optimization Studies on Separation of

51

Cr(III)

from Cr(VI)via Ion-Exchanger
II.7.1. Effect of Equilibrium Time
The effect of contact time between Cr(III) ions and the ion
exchanger was studied by batch equilibration using 0.01 M
HCl solution for TX-100Ce(IV)P and 0.001 M HCl solution
for Permutit.

II.7.2. Effect of HCl Concentrations on the Adsorption
of Cr(III) and Cr(VI) on Ion Exchanger
The adsorption behavior of both Cr(III) and Cr(VI) ions in
HCl solution on TX-100Ce(IV)P or Permutit were studied at
different concentrations to determine the HCl concentration
suitable for the separation of 51Cr(III) from Cr(VI) on each ion
exchanger TX-100Ce(IV)P or Permutit, in addition to that
suitable for the elution of

51

Cr(III) adsorbed on each ion

exchanger alone.

II.7.3. Determination of Ion Exchange Capacity
The ion exchange capacity of TX-100CeP and Permutit
exchanger for Cr(III) was determined by batch equilibration by
using 100 mg of the dry exchanger and 10 ml of 0.01 M and
10-3 HCl solution, respectively, containing 2 mg of Cr(III) per
ml. The amount of Cr(III) ions adsorbed on the exchanger was
measured by HPLC. The ion exchange capacity was calculated
by the accumulated amounts of Cr(III).
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II.7.4. Effect of HCl-Acetone Medium on the Adsorption
of Cr(III) on TX-100Ce(IV)P Ion Exchanger
The adsorption behavior of Cr(III)ions on TX-100Ce(IV)P
ion exchanger at definite HCl concentrations (0.1, 0.3 and
0.5M) was studied as a function of acetone percentage. Where,
Cr(III) ion is strongly adsorbed on TX-100Ce(IV)P in the
diluted HCl concentrations and can not be eluted in these
media, while, it is weakly adsorbed at

high HCl

concentrations that have a dissolution effect on the TX-100
Ce(IV)P ion exchanger.

II.7.5. Elution of the Adsorbed Cr(III) from Ion
Exchange
The recovery of Cr(III) ions adsorbed on both ion
exchange was studied by batch equilibration using a solution
of (0.1 M HCl + acetone 40%) with TX-100Ce(IV)P for 1.0 h
and a solution of 1.0 M HCl with Permutit for 15 min.

II.8. Separation of 51Cr from the Radioactive Tracer
Solution

The separation of 51Cr from the Cr(VI)in the radioactive
tracer solution prepared by the dissolution of the irradiated
target was studied from 0.01 M HCl onto TX-100CeP and
from 0.001M HCl onto Permutit. The elution of the adsorbed
51
Cr on the ion exchanger, whether TX-100CeP or Permutit
was determined by batch equilibration, using a solution of
(0.1M HCl-40% acetone) for 60 min in case of TX-100CeP
and 1M HCl solution for 15 min in case of Permutit. After
reach equilibrium, the last step was repeated till complete
elution of Cr(III) and the solution was counted out for Cr(III).
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II.9. Quality Control
Two quality control tests, radionuclidic and radiochemical
purity were investigated to ensure the suitability of 51Cr for use
in nuclear medicine.

II.9.1. Radionuclidic Purity
The radionuclidic purity of the separated radiochromium
50

was determined by γ-ray spectrometry.

Cr (abundance=

4.35%) is the most important isotope, to produce the
(T1/2= 27.7 d).

52

Cr and

51

Cr

53

Cr are stable isotopes,( Table 2.1.)

and 55Cr (T1/2= 3.5 min) are produced by a neutron activation,
so the expected products of radiochromium isotopes are not
representing any problem on the final product (51Cr). Also,
other radionuclides of potassium such as

42

K (T½=12 h) and

40

K (T1/2= 1.24 × 109 a) their production are expected with

51

Cr, so the cooling time one week is sufficient to decay out

the 42K, and the very low level of 40K due to its low abundance
(Anselmann et al. 1995; Cribier et al. 1996).

II.9.2. Radiochemical Purity
Radiochemical purity and chemical identity of the eluted
Cr were examined by HPLC, the standard solutions of Cr(III)
and Cr(VI) were prepared as mentioned above (c.f. II.3.2.).
The final product (51Cr) was injected into HPLC with the
stationary phase of a reversed phase column (Nucleosil phenyl
column; 250X4.6 mm, 5 µm) using 0.001M DEHPA in a
mixture of methanol : water (70:30 v/v) as a mobile phase at a
flow rate 0.5 ml/min. Metal ion [Cr(III) and Cr(VI)] complex
with DEHPA were detected at retention times 7.0 and 8.5 min
51
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for Cr(III) and Cr(VI), respectively at wavelength 650 nm as
shown in Fig. (2.1. a, b and c), then comparing the retention
time of Cr(III) and Cr(VI) with the retention time of 51Cr to
determine the oxidation state. After that, to quantify the
unknown concentration of Cr(VI) in the final product
(51Cr(III)), a fifteen µl of the unknown concentration were
directly injected into the HPLC. Then standard curves were
used to quantify Cr(VI) and 51Cr(III) ions concentration.

Table 2.1. Isotopic composition of natural chromium and
neutron capture cross sections.
Isotope

Isotopic composition

Thermal neutron capture

of natural Cr (%)

cross sections (barn)

50

Cr

4.35

15.9

52

Cr

83.8

0.76

53

Cr

9.50

18.2

54

Cr

2.35

0.36
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CHAPTER (III)
RESULTS AND DICUSSION
III.1. Infrared Analysis of TX-100CeP
IR spectra of samples were measured by the standard KBr
disc method. The IR spectrum of the material (Figure
3.1) exhibits a strong band concentrated at 1050 cm-1 corresponds to phosphate group(P=O symmetric stretching vibration
of PO4−3, HPO4−2 and H2PO4−). The weak broad band at 2380
cm-1 corresponds to (P) O–H stretching vibration. The sharp
peak at 618.6 cm-1 indicates P–O–P symmetric stretching
(Tarafdar et al. 2006). The two peaks at 531.5 and 501 cm-1 is
associated with metal–oxygen bond stretching vibration (Ce–
O, P–O). The strong peak at 1632cm-1 is due to the bending
vibration of free H2O molecules (hydrogen bonded -OH of
intermolecular water molecules) in addition to the symmetric
stretching of -OH group at 3500 cm-1, and the weak peaks
beyond 3500 cm-1 corresponds to stretching of free -OH
group. The peaks at 2916.2, 2861, 1426 and 1354.9 cm-1 due
to both stretching and bending vibrations of -CH2 and -CH3
groups (Nakamoto 1978; Socrates 1980; Nyquist and Kagel.
1997; Morrison and Boyd 1999; Tarafda et al. 2006; Varshney
et al. 2008).

III.2. Thermogravimetric Analysis of TX-100CeP
The thermogram shows (Figure 3.2.) that TX-100CeP lost
5.1% and 6.1% of its weight up to 150 ºC with endo effect at
104.25 ºC confirming the removal of external water molecules
as well as the partial removal of TX-100 molecules. Then
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Figure 3.1. The Infrared spectrum of TX-100CeP

cm-1
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Figure 3.2. The TGA/DTA curves of TX-100CeP.
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4.67% from its weight lost up to 220 ºC, referring to the
removal of the remaining part of TX-100 molecules.
Moreover, the condensation might have also started with the
removal of strongly coordinated water molecules. By raising
the temperature from 450 to 800 ºC, the weight of TX-100CeP
lost 0.45% at 450 ºC, after that its weight almost constant up to
800 ºC. It also involves the formation of CeO2 at 450 ºC with
extho effect at 644.73 ºC confirming the decomposition of
fibrous structure of the ion exchanger (Duval 1953; Varshney
et al. 2008).

III.3. X-Ray and Elemental Analysis
The X-ray diffraction(XRD) of TX-100CeP was carried
out using PHLIPS PW 3710/31diffractometer, Cu-target tube
and Ni filter at 40 kV and 30 mA. Figure 3.3(a), shows the
amorphous nature for the TX-100CeP. After heating the
sample up to 1000 ºC for 3 h, the crystals grow again and give
well defined diffractgram (Figure 3.3(b). The pattern matches
monazite mineral, (ASTM card No.46-1295).
The X-ray fluorescence (XRF) was performed using
PHLIPS X Unique II spectrometer. The sample was subject to
two scans; the first scan was carried out using rhodium anode
(Rh-anode) target tube at 70 kV and 15 mA and tube and
lithium fluoride(LIF-220) analyzing crystal (Figure 3.4(a). The
second scan was carried out under the conditions of (Rhanode) target tube at 40 kV and 30 mA and pentaerythretol(PE-001) analyzing crystal (Figure 3.4(b). The XRF
of TX-100CeP, in addition to, the elemental analysis
(Figure 3.5.) reveal that it composed of 0.22 % carbon, 1.95
% hydrogen, 2.16 % nitrogen, 41.27 % cerium and 18.54 %
phosphorus (Varshney et al. 2008).
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Figure 3.3(a). The X-ray diffraction patterns of TX-100CeP
before heating to 1000 ºC.
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Figure 3.3(b). The X-ray diffraction patterns of TX-100CeP
after heating to 1000 ºC.
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[º2θ]

Figure 3.4(a). X-ray fluorescence of TX-100CeP scanned
with (Rh-anode) target tube and lithium fluoride (LiF-220)
analyzing crystal.
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Figure 3.4(b). X-ray fluorescence of TX-100CeP scanned
with (Rh-anode) target tube and penta-erythretol (PE-001)
analyzing crystal.
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Figure 3.5. Elemental analysis of TX-100CeP
(carbon, hydrogen, nitrogen).
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III.4. HPLC Analysis
The metal ion [Cr(III), Cr(VI) and Ce(IV)] complex with
DEHPA was detected by HPLC at a retention time of 7.0, 8.5
and 6.4 min, respectively. This may be attributed to the ionic
radii of the metal ions have the order 87.0, 61.0 and 44.0 pm
for Ce(IV), Cr(III) and Cr(VI), respectively. The ionic
potential have the order, Ce(IV)<Cr(III)<Cr(VI), thereby the
bond strength with the separation column have the same
order(Greenwood and Earnshaw 2005). At ordinary temperature and low concentration the rate of exchange increase with
increase the ion size, hence Ce(IV) ion will be exchanged and
eluted first then Cr(III) ion then Cr(VI) ion(Qurashi and
Varshney 1991)
Standard curves for Cr(III), Cr(VI) and Ce(IV) were
obtained by injecting a fifteen µl of 1.0–9.0 µg/ml of Cr(III) in
1M HCl or Cr(VI) in H2O into HPLC as shown in Figure 3.6
(a and b), respectively. Figure 3.6 (c, d, e and f) clarified the
standard curves for Cr(VI) in 0.1, 0.01, 0.001 and 0.0001 M
HCl, respectively. Moreover, Figure 3.6(g and h) show the
standard curve of Cr(III) in 40% acetone + 0.1M HCl, and
Ce(IV) in 1M HCl, respectively. In order to determine the
unknown concentrations of both Cr(III) and Cr(VI) in the
separation studies and Ce(IV) in studying the stability of TX100CeP against different HCl concentrations.
The adsorbed metals ions on the HPLC column eluted by
HR(HR=DEHPA), is expected to be in the species of
CrCl2(R), CrCl(R)2 or Cr(R)3 for Cr(III) and CrOCl(R)3,
CrO(O)(R)3, or Cr(O)Cl2(R)3 for Cr(VI) and CeCl(R)2(HR)2
for Ce(IV). In similar systems Ln(III) (Ln=La, Eu and Lu)
(Ohashi et al. 2007), (Ln=La, Pr, Eu, Ho and Yb) (Hasan
Zahir and Masuda 1997), was extracted by DEHPA as
Ln(HR)3, Pa(V) as PaO(HR)3(HR)2 (Maghray et al. 1988;
Greenwood and Earnshaw 2005) and tin(IV) as SnR2Cl2.2HR
(Bandekar Sunita and Dhadke 1998).
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Figure 3.6(a). Standard curve of Cr(III) in 1.0 M HCl.
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Figure 3.6(b). Standard curve of Cr(VI) in H2O.
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Figure 3.6(c). Standard curve of Cr(VI) in 0.1 M HCl.
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Figure 3.6(d). Standard curve of Cr(VI) in 0.01 M HCl.
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Figure 3.6(e). Standard curve of Cr(VI) in 0.001 M HCl.
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Figure 3.6(f). Standard curve of Cr(VI) in 0.0001 M HCl.
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Figure 3.6(g). Standard curve of Cr(III) in 40%
acetone + 0.1 M HCl.
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Figure 3.6(h). Standard curve of Ce(IV) in l.0 M HCl.
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III.5. Chemical Stability of TX-100CeP
The chemical stability of TX-100CeP versus different
concentrations of HCl acid was studied before and after its
exposure to a radiation dose (30 K Gray) as reported in Table
3.1. The results show that the diluted HCl acid in the range
0.01–0.1 M hasn’t effect on the TX-100CeP, whether before
and after its exposure to the radiation dose. By increasing the
HCl concentration into 0.5 M, a small amount of TX-100CeP
was dissolved in both cases (before and after its exposure to
the radiation dose). The dissolving amount for TX-100CeP has
been doubled at 1.0 M HCl acid and by increasing the HCl
concentration ≥ 2.0 M leads to it's completely dissolving in
both cases. On the other hand, this study services the
separation of 51Cr(III) from inactive Cr(VI), so the stability of
TX-100 CeP against the radiation dose is significant factor to
select it for application. The behavior of Ce(IV) dissolution
from TX-100CeP is similar to that of Zr(IV) from
zirconium(IV) iodovanadate in different mineral acids (Singh
et al. 2003).

III.6. Ion Exchange Capacity for Cr(III)
The ion exchange capacity (IEC) of TX–100CeP for Cr(III)
(36 mg Cr(III)/dry g) was found to be double value of Permutit
cation exchanger (18 mg Cr(III)/dry g), it is identical with the
ion exchange capacity of organic cation exchanger Amberlite
IR-120 for Cr(III) (35 mg/g) (Dabrowski et al. 2004). The high
value for inorganic ion exchanger TX-100CeP compared with
that of organic ion exchanger Permutit is opposite to the nature
of organic ion exchanger that always has higher ion exchange
capacity than inorganic types (Kraus and Nelson 2007;
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Table 3.1. Chemical stability of Triton X-100 Cerium(IV) phosphate in various
HCl concentrations before and after exposed to a radiation dose of 30 K.Gray.

N d = not detected
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Murakami et al. 1986), this , may be attributed to the addition
of surface active material, TX-100 to Ce(IV) phosphate matrix
which enhances the adsorption of ions on TX-100CeP matrix
as a result of reducing the interfacial tensions between the
solid and liquid phases. Moreover, the interlayer distances
in the exchange material are increased due to the intercalation
of TX-100 molecule into the layers of Ce(IV) phosphate
matrix (Varshney et al. 2008; Somya et al. 2009).

III.7. Optimization Studies on Separation of
from Cr(VI) via Ion-Exchange

51

Cr(III)

The behavior of Cr(III) and Cr(VI) towards the TX-100CeP
as a surface active material or Permutit resin as a commercial
organic cation exchanger is described in the following study:
III.7.1. Determination of Equilibration Time
The % uptake of Cr(III) from 0.01 or 0.001 M HCl onto the
TX-100CeP or Permutit, respectively, was studied in batch
experiment as a function of contact time between the aqueous
solution and the solid phase. The results in Figure 3.7, show
that the shaking time is 240 minutes for TX-100CeP and 45
minutes for permutit, which was found to be sufficient to reach
the equilibrium.
III.7.2. Effect of HCl on the distribution coefficients of
Cr(III) and Cr(VI) by usingTX-100CeP or Permutit
ion exchanger
Although, Cr(III) is adsorbed much more quickly to reach
the equilibrium in case Permutit than TX-100 CeP, as is
evident in Figure 3.8, but the distribution coefficient of
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Figure 3.7. Cr(III) uptake % as a function of shaking time
(min) from aqueous solution 0.01 or 0.001 M HCl onto
TX-100CeP or Permutit, respectively.
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Cr(III) on the TX-100 CeP, (8195 ml/g from 0.01 M HCl) is
far greater than on the Permutit (600 ml/g from 0.001M HCl)
as shown in Figures 3.8 and 3.9. No significant difference in
the distribution coefficients of Cr(VI) over the hydrochloric
acid concentration, using either TX-100CeP or Permutit
exchanger. This depends on the fact that, chromium species in
aqueous solutions are a function of chromium concentration
and pH (Hassan et al. 2006; Yusof et al. 2007; Samaratunga et
al. 2007). Table (3.2) shows that 0.01M HCl for TX-100CeP
and 0.001 M HCl for Permutit are the best concentration of
HCl for the separation of Cr(III) from Cr(VI) , could be used
through the calculation of separation factor. The H+ or Na+ ion
attached to TX-100CeP or Permutit exchanger, respectively,
has a high tendency to exchange by the ions of Cr(III) in a
low concentrations of HCl (from 0.0001 to 0.1 M) for TX100CeP or (from 0.0001 to 0.01M) for Permutit with respect
to either its behavior in high HCl concentrations or Cr(VI) ions
in all HCl concentrations as shown in Figures 3.8 and 3.9,
respectively. This is evident by the high Kd values of Cr(III)
over the whole HCl concentration range of 0.0001 to 0.01M
(Figures 3.8 and 3.9) because it can be present as a mixture of
cationic, neutral and anionic species such as CrCl2+, CrCl2+,
CrCl3 and CrCl4¯ in weak acidic chloride media (Sun et al.
2003; Baes et al. 1986). The decrease in the adsorption at high
acidity may be attributed to the increase in the formation of
CrCl3 and CrCl4¯, and, generally the decrease of the Kd values
on the cation exchangers with increasing the acidity is due to
the greater competition of H+ cations with the metal cations to
occupy the ion-exchange sites on the surface of the sorbents
(Qureshi and Varshney 1991; El-Said et al. 2008).
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It is observed that Cr(VI) has lower Kd values than Cr(III),
which remains nearly unchanged in all HCl concentrations,
with a small increase at 4.0M HCl. The Cr(VI) was

not

adsorbed in low acidity because TX-100CeP or Permutit has
cationic exchange capacity and Cr(VI) is present as a mixture
of anionic species such

as HCrO4– ,CrO42– and Cr2O72–

(Hassan et al. 2006; Yusof et al. 2007; Samaratunga et al.
2007; Sun et al. 2003; Baes et al. 1986), moreover the peroxocomplex species ([CrVIO(O2)2OH]─) which can exist in neutral
media (Greenwood and Earnshaw 2005). The small adsorption
of Cr(VI) at high acidity is attributed to the fact that
dichromate ion (Cr2O72–) under acidic conditions is reduced to
Cr(III) (Garg et al. 2007)

Cr2O72– + 14 H + 6 e– → 2Cr3+ + 7 H2O
The higher Kd-values of Cr(III) with TX-100CeP than its
values with Permutit, may be attributed to the addition of
surfactant (TX-100) in the matrix of Ce(IV) phosphate which
enhances the adsorption of ions on the matrix of TX-100CeP
as a result of reducing the interfacial tensions between the
solid and liquid phases. Moreover, the interlayer distances
in the exchange material are increased due to the intercalation
of TX-100 molecule into the layers of Ce(IV) phosphate
matrix (Varshney et al. 2008; Somya et al. 2009). Finally, our
results agree with the results of Sule et al. (1996), that used the
Chelex-100 as a cation exchanger to retain Cr(III) while
Cr(VI) was retained on an anionic column.
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Figure 3.8. Variation of distribution coefficients of Cr(III) and
Cr(VI) on TX-100CeP ion exchanger as a function of HCl
concentration.
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Figure 3.9. Variation of distribution coefficients of Cr(III) and
Cr(VI) on Permutit ion exchanger as a function of HCl
concentration.
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Table 3.2. Separation factor for Cr(III) and Cr(VI)
{α=Kd Cr+3/KdCr+6} in HCl solutions on TX-100CeP
and Permutit ion Exchangers.
HCl
concentration (M)

Separation factor
on TX-100CeP

Separation factor
on Permutit

1E-4 M

163.20

33.3

1E-3 M

438.80

75.0

0.01 M

1821.1

71.0

00.1 M

1272.0

10.0

00.5 M

201.00

2.33

1.00 M

21.000

1.95

1.50 M

11.000

2.00

2.00 M

7.6.000

2.10

3.00 M

3.5000

1.93

4.00 M

1.0000

1.70
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III.7.3. Effect of the Adsorption of Cr(III) from HClAcetone Medium on TX-100CeP Ion Exchanger
Figure 3.10, displays the effect of acetone concentration in
0.1, 0.3 or 0.5 M HCl to give a mixture of HCl-acetone with
acetone percentage, 10, 20, 30, 40, 50, 60, 70, 80, 90% in 0.1,
0.3 or 0.5 M HCl, to determine the distribution coefficient of
Cr(III) on the TX-100CeP exchanger. The values of
distribution coefficient of Cr(III) is gradually decreased to
16.5, 13 or 7.7 ml/g by increasing the HCl concentration from
0.1, 0.3 or 0.5 M, respectively at 40% acetone. The results
show that the Kd-values of Cr(III) decrease whenever the
acetone percentage increased to 40% and these values are not
affected by increasing the acetone percentage higher than 40
percent. The acetone concentration decreases the hydration
field around the Cr(III) cation, so it is weakened enough to
allow the replacement of the water molecules in the
co-ordination shell by chloride anions to form non-volatile
organic matter metal-chloride complex in anionic form, which
increases with acetone-HCl acid solution (Strelow et al. 1971;
El-Azony et al. 2009; El-Azony et al. 2011), and in the
presence of two species of acetone increases the stability of
[CrCl4]⎯ and the expected structure is appeared as follow :
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Figure 3.10. Distribution coefficients of Cr(III) as a function
of acetone concentration in 0.1, 0.3 and 0.5 M HCl solution
onto TX-100CeP ion exchanger .
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Although the Kd-values of Cr(III) are lower in case of 0.5M
HCl-40% acetone than 0.1 M HCl-40% acetone, but 0.5 M
HCl has deleterious effect on the TX-100CeP where a small
amount of the exchanger could be dissolved in elution of the
adsorbed Cr(III) from TX-100CeP (El-Azony et al. 2011).
III.7.4. Elution of Cr(III) from TX-100CeP or Permutit
Ion Exchanger
From the above mentioned experiments, it is evident that
Cr(III) is strongly adsorbed on TX-100CeP at HCl
concentration of 0.01M (or < 0.01 M), while Cr(VI) is weakly
adsorbed and can be pipetted out after equilibrium shaking and
settle down of liquid phase. Then, a mixture of 0.1M
HCl+40% acetone solution is able to remove the sorbed Cr(III)
on the TX-100CeP exchanger as shown in Figure 3.10. This
mixture (0.1M HCl-40% acetone) has the same behavior being
followed by the high concentrations of hydrochloric acid
(>2M) to remove Cr(III), but unfortunately, the high concentrations of hydrochloric acid have an adverse effect on the
stability of the TX100CeP exchanger. Figure 3.11, displays the
elution behavior of 1 g TX-100CeP using a solution of (0.1M
HCl and 40% acetone). After the fifth fraction, only a
negligible quantity of Cr(III) is collected in the eluate solution.
The Cr(III) collected in the first five fractions of the eluate
contains 96% of the initial Cr(III) adsorbed. From the
mentioned data in Figure 3.9, Cr(III) is weakly adsorbed on
Premutit exchanger at HCl concentration (> 0.5M), so 1.0 M
HCl could be used to remove Cr(III) from the Premutit
exchanger. Figure 3.12, shows the elution behavior of Cr(III)
from 1 g Permutit using a solution of 1.0 M HCl. After the
seventh fraction, only a negligible quantity of Cr(III) eluted
into the eluate. About 88% of the initial Cr(III) adsorbed on
Permutit was collected after the seventh fraction.
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Figure 3.11. The elution behavior of Cr(III) from TX-100CeP
ion exchanger by using 0.1 M HCl + 40% acetone.
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Figure 3.12. The elution behavior of Cr(III) from Permutit
ion exchanger by using 1M HCl.
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III.7.5. Separation of 51Cr from the Irradiated Cr Target
via the Optimized TX-100CeP Method.
Potassium chromate ( 376 mg) was irradiated in the reactor
by thermal neutrons, as described above, and dissolved in 10
ml of 10-2 M HCl in the first vial. Chromium metal (100 mg)
was dissolved in 4 ml 10 M HCl with heating till dryness
within 10 min in the second vial, then, 10 ml of 10-2 M HCl
was added into that vial, after that the second vial was poured
to the first, the total volume of solution became 20 ml and the
concentration became 5 mg/ml for each of 51Cr(III)
(containing inactive Cr(III) as carrier) and Cr(VI) ion. Three
ml of the radiotracer mixture was transferred to 25 ml glass
vial containing 1 g TX-100CeP ion exchanger and 9 ml of 10-2
M HCl. The vial was shaken for 240 min. After the phases
settled down, the aqueous phase containing the inactive Cr(VI)
was pipetted out. The TX-100Cep was washed with 10 ml of
10-2 M HCl. The adsorbed 51Cr(III) was eluted by shaking with
10 ml (0.1M HCl-40% acetone) for 60 min. Concentration of
the removed solution of both 51Cr(III) and Cr(VI) could be
determined by HPLC depending on UV spectrometric analysis
to determine the radiochemical purity for 51Cr(III). The
collected 51Cr(III) was counted by γ-ray spectrometer for
radionuclidic purity. Figure 3.13, represents the typical γ-ray
spectrum of 51Cr (III) after separation via TX-100CeP. It
shows only a peak attributed to 51Cr (320 keV) in addition to
511-keV γ-peak of positron annihilation. The radionuclidic
purity was 99.9%, the separation yield of 51Cr(III) was 93±3%
and the radiochemical purity was 99%, but unfortunately the
high percentage of Cr(VI) (3%) in the final product leads to
reducing the effectiveness of the separation process due to its
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Figure 3.13. Gamma-ray spectrum of 51Cr(III) after separation
onto TX-100CeP ion exchanger.
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high toxicity. In order to overcome the high impurity level of
Cr(VI), it is preferred repeat the separation steps once again on
the separated 51Cr(III) solution, by evaporating the eluent (0.1
HCl+40% acetone), then adding 10 ml of 0.01 M HCl to the
evaporated

51

Cr(III), after that, shaking the solution with 100

mg TX-100CeP exchanger about 240 min in order to retain
51

Cr(III) onto the exchanger, then the elution process, take

about 60 min as mention above. From the data in Table 3.3,
the expected yield of 51Cr(III) could be calculated (88%) with
very low impurity level of Cr(VI) (less than 0.1%).
III.7.6. Separation of 51Cr from the Irradiated Cr Target
via the Optimized Permutit Method.
One ml of the mixture prepared in part(III.7.5.), was
transferred to a glass vial containing 1.0 gm Permutit ion
exchanger and 9 ml 10-3M HCl, the vial was shaken for 1.0 h.
After the phases settled down, the aqueous phase containing
Cr(VI) was pipetted out. The Permutit was washed with 10 ml
of 1.0 M HCl, the adsorbed

51

Cr(III) was eluted by shaking

with 10 ml 1.0 M HCl for 15 min. The radionuclidic purity of
the separated radiochromium was confirmed by γ-ray
spectrometer. Radiochemical purity and concentrations of the
separated

51

Cr(III) and Cr(VI) solution were tested by HPLC

which confirm the existence of radiochromium as CrCl3. The
radionuclidic and the radiochemical purity is nearly the same
as TX-100CeP exchanger method. The separation yield was
85± 3% with about 8% Cr(VI) as impurities, repeating the last
separation steps can reduce the impurities level (less than 0.5
%).
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III.8. Comparison of the Optimized Separation
Methods
The data on the separation of 51Cr(III) via the inorganic ion
exchanger TX-100CeP and the organic exchanger Permutit,
obtained under the optimized conditions of the two processes,
are summarized in Table 3.3. The TX-100CeP method leads to
higher separation yield (93±3%) with longer separation time
(300 min). Although, the percentage of Cr(VI) (3%) in case of
TX-100CeP (chemical purity of 51Cr(III)), which is lower than
Permutit but this value is not sufficient to use 51Cr(III) for
medical applications due to high toxicity of Cr(VI). The
limited radiation stability of organic ion exchanger prevents
their use at extremely high radiation levels (Kraus and Nelson,
2007). On the other hand inorganic ion exchangers are more
stable at high temperatures and radiation fields (Susheel et al.
2006). Thus from the viewpoints of yield and the radiation
stability of exchanger, the inorganic TX-100CeP method is
superior to the organic Permutit method with a
recommendation to repeat the separation step twice time.
Table 3.3. Comparison of chemical separations of Cr-51
under optimized conditions.
Optimized separation conditions
Separation method

Sep. time
(min)

Yield (%)

Elution
time (min)

Cr(VI)
(%)

TX-100Ce(IV)P

240

93±3

60

3

Permutit

60

85±3

15

8
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III.9. Comparison of Inorganic TX-100CeP Ion
Exchange and Coprecipitation Method of
51
Cr Separation
It is interesting to compare the inorganic ion exchanger
TX-100CeP reported here with the commonly used
coprecipitation method (Karim. 1973). The coprecipitation
method includes irradiation of potassium chromate, dissolution
of target in 0.1M HCl, 1ml (5mg) FeCl3 and 20ml buffer pH 9
(NH4Cl-NH4OH), heating till boiling, cooling, passing through
DowexAG1-X8 anion exchanger column fitted with sintered
disc, washing with buffer pH 9, dissolution of precipitate with
6.0 N HCl, adsorbing of Fe+3 carrier by passing through
another column and finally 51Cr was collected in the eluate.
The product of the latter method has similar radionuclidic and
radiochemical purity, but it includes more steps, longer time,
large amount of waste, the separation yield does not exceed
25% in addition of using organic exchanger. The somewhat
more cumbersome methodology and the lower yield of
coprecipitation method make the inorganic TX-100CeP
method more superior to the coprecipitation method.

III.10. Quality Control Investigation of 51Cr
III.10.1. Chemical Purity
It is possible that, the separated solution may contain a
chemically impurity such as Co, Fe, Ta, Ce or other elements,
originating from the chemicals which affect the
chemical application of the separated 51Cr. 51Cr(III) tracer was
analyzed by HPLC to determine any foreign impurity and its
limit contents. The standards curves (Figure 3.6.), were used
in determining 51Cr and Cr(VI) ions concentration.
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III.10.2. Radionuclidic Purity
The presence of other radionuclides of longer half-life such
60
as Co (T½=5.3y), 182Ta (T½=114 d), above the acceptable
level will increase the radiation exposure and also affect the
radiodiagnostic quality. The radionuclidic purity of 51Cr
radioisotope is defined as” the percentage of 51Cr radionuclidic
in the separated solution to the total radioactivity ”. Figure 3.13.,
shows the typical gamma-ray of 51Cr. A sample of 51Cr(III)
solution was put in a sealed container, and analyzed by gamma
spectrometer. The data was collected over the 2000 keV range.
The product is identified from the major γ-peak at 320 keV.
The radionuclidic purity was 99.9%.
III.10.3. Radiochemical Purity
The collected solution of 51Cr(III), Cr(VI) after separation
and the mixture before separation were analyzed by HPLC.
Cr(III), Cr(VI) ions with DEHPA was detected at a retention
times 7.0, 8.5, respectively at wavelength 650 nm as shown in
Figure 2.1. The radiochemical purity was 99%.

III.11. Conclusion
From the last obtained results, it could be concluded that;

• TX-100CeP as a surface active inorganic ion exchanger
was prepared which has a good ion exchange capacity and
relatively, good stability various HCl concentrations
before and after radiation exposure.
• A simple novel method was achieved for the separation
and quantification of Cr(III) and Cr(VI) ions, by using
HPLC.
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•

51

Cr(III) separation from Cr(VI) was developed for
production of Cr-51 using HPLC with UV detection via
two ion exchangers:
The separation yield of 51Cr(III) from 0.001M HCl on
Permutit exchanger and elution process by 1M HCl is 85±
3% within 75 min , while 51Cr(III) was separated from
Cr(VI) in 0.01M HCl onto TX-100CeP exchanger, then
Cr(III) was removed from TX-100CeP by using 0.1MHCl40% acetone to give the separation yield 93± 3% within
240 min. but unfortunately the high percentage of Cr(VI)
(3%) in the final product leads to reducing
the
effectiveness of the separation process due to its high
toxicity. In order to overcome the high impurity level of
Cr(VI), it is preferred repeat the separation steps once
again on the separated 51Cr(III) solution, by evaporating
the eluent (0.1 HCl-40% acetone), then adding 10 ml of
0.01 M HCl to the evaporated 51Cr(III), after that, shaking
the solution with 100 mg TX-100CeP exchanger about
240 min in order to retain 51Cr(III) onto the exchanger,
then the elution process, takes about 60 min as mention
above. From the data in Table 3.3, the expected yield of
51
Cr(III) could be calculated (88%) with very low impurity
level of Cr(VI) (less than 0.1%).

• The comparison of both separation method confirms that,
the production of 51Cr(III) using the ion exchanger TX100CeP appears to be more suitable, as providing a simple
procedure with a good separation yield, and also more
suitable than precipitation method mentioned in the
previous study.
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SUMMARY
The thesis entitled "Radiochemical study on the separation of
chromium-51 from the irradiated target by using commercial and/or
synthesized ion exchanger ", the thesis contains three chapters are

namely, "introduction", "experimental" and "results and
discussion".
Chapter (I) Introduction includes a characterization of the
relationship between radioisotopes and medicine and the
criteria of chose radioisotope for its applications in nuclear
medicine either for therapy or diagnosis. This chapter cared to
the radioisotope production either by nuclear reactors or
cyclotrons. Chromium is attributed to the transition elements,
its chemical and biological properties nominated chromium
metal. So, the chemistry of chromium showed the different
oxidation states of chromium special Cr(III) and Cr(VI). The
information was collected from the literatures, clarified that
Cr(VI) much more toxicity than Cr(III), and Cr(III) is more
reactive than Cr(VI). So, the separation and determination
methods were shown for the two oxidation states. There are
more than twenty five isotopes of chromium, while, 51Cr has
extensive applications in nuclear medicine. The production
method of 51Cr via the nuclear reactor was shown as the
following:
50

Cr (n, γ) 51Cr

That shows the great demand for separation 51Cr(III) from
Cr(VI) from the irradated Cr(VI) compound target in aqueous
phase onto the ion exchanger (cation exchanger).
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Chapter (II) Experimental, this chapter includes
reagents, chemicals, materials, description of instrumentations
used. Also, it includes experimental procedures used in,
preparation of Cr-51 solution , synthesis of TX-100CeP, batch
experiment used in separation of Cr(III) from Cr(VI) ions. The
high performance liquid chromatography (HPLC) Instrument
was used to separate and determine both of Cr(III) and Cr(VI)
ions and study the quality control on the separated 51Cr(III).
Chapter (III) Results and Discussion, It is summarized as
follows:
Triton X-100 Cerium(IV) Phosphate (TX-100CeP) was prepared
by adding one volume of 0.05 M Ce(NH4)SO4 solution in two
volumes of a (1:1) mixture of 6M H3PO4 and 10-4 M TX-100
solutions drop-wise with constant stirring using a magnetic
stirrer at a temperature of 60±5º C. The resulting slurry was
stirred for 3.5 h at this temperature, filtered and then washed
with double distilled water till pH 4 before drying at room
temperature. It was cut into small pieces and converted into H+
form by treating with 1M HNO3 for 24 h and was finally,
washed with double distilled water, dried at 45º C and sieved
to obtain particles of size 50–70 mesh. It was characterized by
using IR, X-Ray, TGA/DTA and the elemental analysis. The
chemical stability of TX-100CeP versus the different
concentrations of HCl acid was studied before and after its
exposure to the radiation dose (30 K Gray).
a)

The TGA/DTA analysis of (TX-100CeP) confirms the
fibrous structure of TX-100CeP and X-ray diffraction
shows that TX-100CeP has an amorphous structure. The
chemical stability of TX-100CeP against HCl, it is stable
- 106 -

until 0.1 M of HCl, whether before and after its exposure
to the radiation dose, while a small amount of TX100CeP dissolved by increasing the HCl concentration
into 0.5 M, so the concentration of HCl higher than 0.1 M
has deleterious effect on TX-100CeP. The Cr(III) was
separated from Cr(VI) on the TX-100CeP with a good
exchange capacity. The ion exchange capacity of Cr(III)
for TX–100CeP (36 mg Cr(III)/dry g) was found to be a
double value of that for Permutit exchanger (18 mg
Cr(III)/dry g).
b)

A novel method was achieved for separating and
quantifying a mixture of Cr(III) and Cr(VI) ions, by using
HPLC, connecting with UV detector at wavelength 650
nm. A stationary phase consists of reversed phase column
(Nucleosil phenyl column;250 X 4.6 mm, 5 µm), and a
mobile phase consists of 0.001 M di(2-ethylhexyl)
phosphoric acid (DEHPA) in methanol : water (70 : 30
v/v). The retention times were 7.0 and 8.5 min, for the
Cr(III) and Cr(VI), respectively. This technique could be
used for the quality control on the final product 51Cr(III)
because it could be quantifying the separation yield and
also the proportion of impurities from Cr(VI).

c)

The Cr(III) ions were separated from Cr(VI) ions in
different concentrations of HCl onto synthetic inorganic
ion exchanger (TX-100CeP) or commercial organic ion
exchanger (Permutit cation exchanger), and were
quantified by using HPLC. The separation process was
used for developing the production of 51Cr depending on
the separation of 51Cr(III) from the irradiated potassium
chromate.
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d)

The separation yield of 51Cr(III) from 0.001M HCl on
Permutit exchanger and elution process by 1M HCl is
85± 3% within 75 min , while 51Cr(III) was separated
from Cr(VI) in 0.01M HCl onto TX-100CeP exchanger,
then Cr(III) was removed from TX-100CeP by using
0.1MHCl-40% acetone to give the separation yield 93±
3% within 300 min. but unfortunately the high percentage
of Cr(VI) (3%) in the final product leads to reducing the
effectiveness of the separation process due to its high
toxicity. In order to overcome the high impurity level of
Cr(VI), it is preferred repeat the separation steps once
again on the separated 51Cr(III) solution, by evaporating
the eluent (0.1 HCl-40% acetone), then adding 10 ml of
0.01 M HCl to remove the remaining Cr(VI) impurities
by shaking the solution with 100 mg TX-100CeP
exchanger for 240 min in order to retain 51Cr(III) onto the
exchanger and then the elution process, take about 60
min as mention above. From the data in Table 3.3, the
expected yield of 51Cr(III) could be calculated (88%) with
very low impurity level of Cr(VI) (less than 0.1%).

e) The comparison of both separation method confirms that,
the production of 51Cr(III) using the ion exchanger TX100CeP appears to be more suitable, as providing a simple
procedure with a good separation yield, and also more
suitable than the precipitation method mentioned in the
literature study.
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اﻟﻤﻠﺨﺺ اﻟﻌﺮﺑﻲ
ﺍﻟﻬﺪﻑ ﻣﻦ ﺍﻟﺒﺤﺚ
ﺘﺤﻀﻴﺭ ﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ ) ﻓﻭﺴﻔﺎﺕ ﺍﻟﺴﺭﻴﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ (١٠٠-ﻤﻌﻤﻠﻴﺎ ﻜﻤﺒﺎﺩل
ﺃﻴﻭﻨﻲ ﺫﻭ ﻨﺸﺎﻁ ﺴﻁﺤﻲ ﻭﺍﺴﺘﺨﺩﺍﻤﻪ ﻓﻲ ﻓﺼل ﻨﻅﻴﺭ ﺍﻟﻜــﺭﻭﻡ ٥١-ﺍﻟﺜﻼﺜﻲ ﻤﻥ
ﺍﻟﻬــﺩﻑ ﺍﻟﻤﺸﻌﻊ )ﻜﺭﻭﻤﺎﺕ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﺍﻟﻤﺸﻌﻌﺔ ﻋﻠﻲ ﺴﺒﻴل ﺍﻟﻤﺜﺎل( ﺒﻁﺭﻴﻘﺔ
ﺒﺴﻴﻁﺔ ﻭﺩﻗﻴﻘﺔ ﻟﻠﺤﺼﻭل ﻋﻠﻴﻪ ﻓﻲ ﺼﻭﺭﺓ ﻨﻘﻴﺔ ﻻﺴﺘﺨﺩﺍﻤﻪ ﻓﻲ ﺍﻟﻁﺏ ﺍﻟﻨﻭﻭﻱ.

ﺗﺘﻀﻤﻦ ﺍﻟﺮﺳﺎﻟﺔ ﺛﻼﺛـﺔ ﺃﺑﻮﺍﺏ ﺭﺋﻴﺴﻴﺔ:
ﺍﻟﺒﺎﺏ ﺍﻷﻭﻝ )ﺍﻟﻤـﻘﺪﻣـﺔ(
◙ -ﻴﺤﺘﻭﻯ ﻫﺫﺍ ﺍﻟﺒﺎﺏ ﻋﻠﻰ ﺍﻟﻤﻘﺩﻤﺔ ﻭﺍﻟﻤﺴﺢ ﺍﻟﻤﺭﺠﻌﻰ ﻋﻥ:
ﻋﻼﻗﺔ ﺍﻟﻨﻅﺎﺌﺭ ﺍﻟﻤﺸﻌﺔ ﺒﺎﻟﻁﺏ ،ﺃﺴﺱ ﺇﺨﺘﻴﺎﺭ ﺍﻟﻨﻅﺎﺌﺭ ﺍﻟﻤﺸﻌﺔ ﻟﻺﺴﺘﺨﺩﺍﻡ ﻓﻲ ﺍﻟﻁﺏ
ﺍﻟﻨﻭﻭﻱ ﻭ ﺒﻌﺽ ﺘﻁﺒﻴﻘﺎﺕ ﺍﻟﻨﻅﺎﺌﺭﺍﻟﻤﺸﻌﺔ)ﺍﻟﻌﻼﺠﻴﺔ ﻭﺍﻟﺘﺸﺨﻴﺼﻴـﺔ(  ،ﻁﺭﻕ ﺍﻨﺘﺎﺝ
ﺍﻟﻨﻅﺎﺌﺭ ﺍﻟﻤﺸﻌﺔ ﻤﻥ ﺍﻟﻤﻔﺎﻋل ﺃﻭ ﺍﻟﺴﻴﻜﻠﻭﺘـــﺭﻭﻥ  ،ﺍﻟﺨﻭﺍﺹ ﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﻟﻌﻨﺼﺭ
ﺍﻟﻜﺭﻭﻡ ﻭﺍﺴﺘﺨﺩﺍﻤﺎﺘﻪ ﻭﻨﺸﺎﻁﻪ ﺍﻟﺒﻴﻭﻟﻭﺠﻲ  ،ﺍﻟﻜﻴﻤﻴﺎﺀ ﺍﻻﺸﻌﺎﻋﻴﺔ ﻟﻨﻅﻴﺭ ﺍﻟﻜﺭﻭﻡ، ٥١-
ﺍﻟﻨﻅﺎﺌﺭﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻌﻨﺼﺭ ﺍﻟﻜﺭﻭﻡ ،ﻁﺭﻕ ﻓﺼل ﺍﻟﻜﺭﻭﻡ  ،ﺍﻟﻤﺒـــﺎﺩﻻﺕ ﺍﻷﻴﻭﻨﻴﺔ
ﻭﺘﺼﻨﻴﻔﻬﺎ ﻭﻁﺭﻕ ﺘﺤﻀﻴﺭﻫﺎ ﻭﺘﻁﻴﺒﻘﺎﺘﻬﺎ ﺍﻟﻤﺨﺘﻠﻔﺔ  ،ﻁﺭﻴﻘﺔ ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻴﺎ ﺍﻟﺴﻭﺍﺌل
ﻋﺎﻟﻴﺔ ﺍﻟﺠﻭﺩﺓ ﻭﺘﻁﻴﺒﻘﺎﺘﻬﺎ ﻓﻲ ﻓﺼل ﺍﻟﻌﻨﺎﺼﺭ ﺜﻡ ﺍﻟﺘﻁﺒﻴﻘﺎﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﻠﻤﺭﻜﺒــﺎﺕ
ﺍﻟﻔﻭﺴﻔﺎﺘﻴﺔ ﻓﻲ ﻓﺼل ﺍﻟﻌﻨﺎﺼﺭ.

ﺍﻟﺒﺎﺏ ﺍﻟﺜﺎﻧﻰ)ﺍﻟﻌﻤﻠﻲ(
◙ -ﻴﺤﺘﻭﻯ ﻫﺫﺍ ﺍﻟﺒﺎﺏ ﻋﻠﻰ ﻤﻌﻠﻭﻤﺎﺕ ﺘﻔﺼﻴﻠﻴﺔ ﻋﻥ ﺍﻟﻜﻴﻤﺎﻭﻴﺎﺕ ﻭﺍﻟﻤﻭﺍﺩ ﻭﺍﻻﺠﻬﺯﺓ
ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﺍﻟﺩﺭﺍﺴﺔ  ،ﻭﺼﻑ ﻤﺨﺘﺼﺭﻟﻠﺨﻁﻭﺍﺕ ﺍﻟﻌﻤﻠﻴﺔ ﺍﻟﻤﺘﻌﺒﺔ ﻓﻲ ﻜﻼ ﻤﻥ:
ﺘﺤﻀﻴﺭ ﻤﺤﻠﻭل ﺍﻟﻜـﺭﻭﻡ ٥١-ﺒﺘﺸﻌﻴﻊ ﻫﺩﻑ ﻤﻥ ﻜﺭﻭﻤﺎﺕ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﺍﻟﻁﺒﻴﻌﻲ ﻓﻲ
ﺍﻟﻤﻔﺎﻋل ﺍﻟﻨﻭﻭﻱ ﻭﺘﺫﻭﻴﺒﻪ ﻤﻊ ﺃﻜﺴﻴﺩ ﺍﻟﻜـﺭﻭﻡ ﺍﻟﻁﺒﻴﻌﻲ ﻓﻲ ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ
-١-

 ،ﺘﺤﻀﻴﺭﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ ﻓﻭﺴﻔﺎﺕ ﺍﻟﺴﺭﻴﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ، ١٠٠-ﺍﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ
ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻴـﺎ ﺍﻟﺴﻭﺍﺌل ﻋﺎﻟﻴﺔ ﺍﻟﺠﻭﺩﺓ ﻓﻲ ﻋﻤﻠﻴﺔ ﻓﺼل ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ ﻭﺍﻟﻜﺭﻭﻡ
ﺍﻟﺴﺩﺍﺴﻲ ﻭﺘﻘﺩﻴﺭﻫﻤﺎ ﻜﻤﺎ ﻭ ﻜﻴﻔــﺎ  ،ﻓﺼل ﺍﻟﻜــــــﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ ﻤــﻥ
ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﺒﺎﻟﻤﺒﺎﺩﻻﺕ ﺍﻻﻴﻭﻨﻴﺔ ﺴﻭﺍﺀ ﻓﻭﺴﻔـــــﺎﺕ ﺍﻟﺴﺭﻴـــﻭﻡ
ﺘﺭﺍﻴﺘﻥ

ﺇﻜﺱ/١٠٠-ﺃﻭﺍﻟﺒﺭﻤﻴﻭﺘﺎﺕ

ﺍﻟﻌﻀﻭﻱ ﻭﺘﻘﺩﻴﺭﻩ

ﺒﺎﺴﺘﺨﺩﺍﻡ

ﻁﺭﻴﻘﺔ

ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻴﺎ ﺍﻟﺴﻭﺍﺌل ﻋﺎﻟﻴﺔ ﺍﻟﺠﻭﺩﺓ ﺜﻡ ﺘﻁﺒﻴﻕ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﺜﺎﻟﻴﺔ ﻟﻌﻤﻠﻴﺔ
ﺍﻟﻔﺼـــل ﻓﻲ ﺍﻨﺘﺎﺝ ﺍﻟﻜــﺭﻭﻡ ٥١-ﻭﻋﻤــل ﺭﻗﺎﺒــﺔ ﺍﻟﺠـﻭﺩﺓ ﻋﻠـﻲ
ﺍﻟﻤﻨﺘﺞ.

ﺍﻟﺒﺎﺏ ﺍﻟﺜﺎﻟﺚ)ﺍﻟﻨﺘﺎﺋﺞ

ﻭﺍﻟﻤﻨﺎﻗﺸﺔ(

ﻴﺤﺘﻭﻱ ﻫﺫﺍ ﺍﻟﺒﺎﺏ ﻋﻠﻲ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺘﻲ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﻭ ﻤﻨﺎﻗﺸﺘﻬﺎ ﻭﻴﻤﻜﻥ ﺘﻠﺨﻴﺼﻬﺎ
ﻓﻴﻤﺎ ﻴﻠﻲ:

◙ -ﺘﻡ ﺘﺤﻀﻴﺭ ﻓﻭﺴﻔﺎﺕ ﺍﻟﺴﺭﻴﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ١٠٠-ﻜﻤﺒﺎﺩل ﺃﻴﻭﻨﻲ ﺫﻭ ﻨﺸــﺎﻁ
ﺴﻁﺤﻲ ﻭﺫﻟﻙ ﺒﺎﻀﺎﻓﺔ ﺤﺠﻡ ﻤﻥ ﻤﺤﻠﻭل ﻜﺒﺭﻴﺘﺎﺕ ﺍﻤﻭﻨﻴﺎ ﺍﻟﺴﺭﻴــﻭﻡ ٠.٠٥ﻤﻭﻟﺭ
ﺒﺒﻁﺊ ﺇﻟﻲ ﻀﻌﻑ ﺍﻟﺤﺠﻡ ﻤﻥ ﻤﺨﻠﻭﻁ ﻤﺘﺴﺎﻭﻱ ﻤﻥ )ﺤﻤﺽ ﺍﻟﻔﻭﺴﻔﻭﺭﻴﻙ  ٦ﻤﻭﻟﺭ،
ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ١٠٠-ﺘﺭﻜﻴﺯﻩ ٠.٠٠٠١ﻤﻭﻟﺭ( ﻋﻨﺩ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ  ٥±٦٠ﺩﺭﺠﺔ
ﺴﻠﺯﻴﻭﺱ ﻤﻊ ﺍﻟﺘﻘﻠﻴﺏ ﺍﻟﻤﺴﺘﻤﺭ ﻟﻤﺩﺓ  ٣.٥ﺴﺎﻋﺔ ﺜﻡ ﺍﻟﻔﻠﺘﺭﺓ ﻭﻏﺴﻴل ﻋﺠﻴﻨﺔ ﺍﻟﺭﺍﺴﺏ
ﺍﻟﻨﺎﺘﺞ ﺒﺎﻟﻤﺎﺀ ﺍﻟﻤﻘﻁﺭ ﺤﺘﻰ ﻭﺼﻭل ﺍﻻﺴﺱ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﻲ ﻟﻠﻤﺎﺀ ﺍﻟﻨﺎﺘﺞ ﻋﻨﺩ  ٤ﺜﻡ
ﺍﻟﺘﺠﻔﻴﻑ ﻋﻨﺩ ﺩﺭﺠﺔ ﺍﻟﻐﺭﻓﺔ .ﺘﻡ ﺘﻘﻁﻴﻊ ﺍﻟﻌﺠﻴﻨﺔ ﺍﻟﻨﻠﺘﺠﺔ ﺍﻟﻲ ﺍﺠﺯﺍﺀ ﺼﻐﻴﺭﺓ ﻭ
ﻤﻌﺎﻟﺠﺘﻬﺎ ﺒﻤﺤﻠﻭل ﺤﻤﺽ ﺍﻟﻨﻴﺘﺭﻴﻙ  ١ﻤﻭﻟﺭ ﻟﻤﺩﺓ ﻴﻭﻡ ﻟﺘﺤﻭﻴل ﺍﻟﻤﺒﺎﺩل ﺍﻟﻲ ﺍﻟﺸﻜل
ﺍﻟﺤﺎﻤﻀﻲ ﺜﻡ ﺍﻟﻐﺴﻴل ﺒﺎﻟﻤﺎﺀ ﺍﻟﻤﻘﻁﺭ ﻭ ﺍﻟﺘﺠﻔﻴﻑ ﻋﻨﺩ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ  ٤٥ﺩﺭﺠﺔ
ﺴﻠﺯﻴﻭﺱ .ﻜﻤﺎ ﺘﻡ ﺘﻭﺼﻴﻑ ﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ ﺒﺘﻘﻨﻴﺔ ﺍﻷﺸﻌﺔ ﺘﺤﺕ ﺍﻟﺤﻤﺭﺍﺀ ﻭﺍﻟﺸﻌﺔ
ﺍﻟﺴﻴﻨﻴﺔ ﻭﺍﻟﺘﺤﻠﻴل ﺍﻟﺤﺭﺍﺭﻱ ﺍﻟﻜﻤﻲ ﻭﺍﻟﻭﺯﻨﻲ ﻭﺍﻟﺘﺤﻠﻴل ﺍﻟﻌﻨﺎﺼﺭﻱ .ﻜﻤﺎ ﺘﻡ ﺩﺭﺍﺴﺔ
ﺍﻟﺜﺒﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻓﻲ ﻤﺤﺎﻟﻴل ﻤﺨﺘﻠﻴﻔﺔ ﺍﻟﺘﺭﻜﻴﺯ ﻤﻥ ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ ﻗﺒل ﻭﺒﻌﺩ
ﺍﻟﺘﻌﺭﺽ ﻟﺠﺭﻋﺔ ﺇ ﺸﻌﺎﻋﻴﺔ) ٣٠ﻙ.ﺠﺭﺍﻱ(.
◙ -اﺛﺒﺖ ﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﺴﺎﺒﻘﺔ ﺍﻟﻁﺒﻴﻌﺔ ﻏﻴﺭ ﺍﻟﺒﻠﻭﺭﻴﺔ ﻭﺍﻟﺼﻔﺔ اﻟﻠﻴﻔﻴﺔ )اﻟﻨﺴﻴﺠﻴﺔ( ﻟﻠﻤﺒﺎدل
اﻻﻳﻮﻧﻲ آﻤﺎ اﺛﺒﺘﺖ ﺩﺭﺍﺴﺔ ﺍﻟﺜﺒﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﺜﺒﺎﺕ ﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ ﻗﺒل ﻭﺒﻌﺩ
ﺍﻟﺘﻌﺭﺽ ﻟﻼﺸﻌﺎﻉ ﺤﺘﻲ ﺘﺭﻜﻴﺯ٠.١ﻤﻭﻟﺭ ﻤﻥ ﺍﻟﺤﻤﺽ ﻤﻊ ﺯﻭﺒﺎﻥ ﻤﺤﺩﻭﺩ ﻋﻨﺩ
-٢-

ﺘﺭﻜﻴﺯ  ٠.٥ﻤﻭﻟﺭ ﺜﻡ ﻴﺯﺩﺍﺩ ﺍﻟﺫﻭﺒﺎﻥ ﻭﺍﻟﺘﺎﺜﻴﺭ ﻜﻠﻤﺎ ﺯﺍﺩ ﺘﺭﻜﻴﺯ ﺍﻟﺤﻤﺽ  ،ﻭﻫﺫﺍ
ﻤـــــﺎ ﻴﻔﻴﺩ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻨﺘﺎﺝ ﻭﻓﺼل ﺍﻟﻜﺭﻭﻡ .٥١-ﻜﻤﺎ ﺘﻡ ﻓﺼل ﺍﻟﻜﺭﻭﻡ
ﺍﻟﺜﻼﺜﻲ ﻤــــــــــﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ
ﻓﻭﺴﻔﺎﺕ ﺍﻟﺴﺭﻴﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ١٠٠-ﺒﺴﻌﺔ ﺍﻴﻭﻨﻴﺔ ﻜﺒﻴﺭﺓ ) ٣٦ﻤﻠﻲ ﺠﺭﺍﻡ ﻜﺭﻭﻡ
ﺜﻼﺜﻲ/ﺠﺭﺍﻡ ﻤﺒﺎﺩل ﺍﻴﻭﻨﻲ( واﻟﺘﻲ ﺗﺴﺎوي ﻀﻌﻑ ﺍﻟﺴﻌﺔ ﺍﻻﻴﻭﻨﻴﺔ ﻟﻠﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ
ﺍﻟﻌﻀﻭﻱ ﺒﺭﻤﻴﻭﺘﺎﺕ.
◙ -ﺘﻀﻤﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻁﻭﻴﺭ ﻁﺭﻴﻘﺔ ﺤﺩﻴﺜﺔ ﻭﺒﺴﻴﻁﺔ ﻟﺘﻌﻴﻴﻥ ﻭ ﺘﻘﺩﻴﺭ ﺃﻴﻭﻨﺎﺕ ﺍﻟﻜﺭﻭﻡ
ﺍﻟﺜﻼﺜﻲ ﻭﺍﻟﺴﺩﺍﺴﻲ .ﺘﺘﻡ ﻋﻤﻠﻴﺘﻲ ﺍﻟﺘﻌﻴﻴﻥ ﻭﺍﻟﺘﻘﺩﻴﺭ ﻷﻴﻭﻨــﺎﺕ ﺍﻟﻜﺭﻭﻡ ﺒﻁﺭﻴﻘــﺔ
ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻴﺎ ﺍﻟﺴﻭﺍﺌل ﻋﺎﻟﻴﺔ ﺍﻟﺠﻭﺩﺓ ﺒﺈﺴﺘﻌﻤﺎل ﻤﺎﺩﺓ ﺜﺎﺒﺘﺔ ﺘﺘﻜﻭﻥ ﻤﻥ ﻋﻤﻭﺩ ﻓﺼل
ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻲ ﻤﻌﺒﺄ ﺒﻤﺎﺩﺓ ﺫﺍﺕ ﻁﺒﻴﻌﺔ ﻋﺎﻜﺴﺔ )ﻓﻴﻨﻴل ﻨﻴﻭﻜﻠﻴﺴﻴل( ﻭﻤﺎﺩﺓ ﻤﺘﺤﺭﻜﺔ
ﺘﺘﻜﻭﻥ ﻤﻥ ﻤﺤـــﻠﻭل)ﻤﻴﺜﻴل  :ﻤﺎﺀ ﺒﻨﺴﺒﺔ ﺤﺠﻭﻡ  (%٧٠:٣٠ﻭﻤﺫﺍﺏ ﺒﻬﺎ ﻤـﺎﺩﺓ
ﻤﺭﻜﺒﺔ )ﺜﻨﺎﺌﻲ)-٢ﺃﺜﻴل ﻫﻜﺴﻴل(-ﺤﻤﺽ ﺍﻟﻔﻭﺴﻔﻭﺭﻴﻙ(  .ﻴﺘﻡ ﺍﻹﺴﺘﻜﺸﺎﻑ ﺒﺎﻷﺸﻌﺔ
ﻓﻭﻕ ﺍﻟﺒﻨﻔﺴﺠﻴﺔ ﻋﻨﺩ ﻁـــﻭل ﻤﻭﺠﻲ  ٦٥٠ﻨﺎﻨﻭ ﻤﺘﺭ .ﻜﺎﻥ ﺍﻟﺯﻤﻥ ﺍﻟﻼﺯﻡ ﻟﻠﻔﺼل
ﺃﻴﻭﻨﺎﺕ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ  ٧ﺩﻗﺎﺌﻕ ﻭﺍﻟﺴﺩﺍﺴﻲ  ٨.٥ﺩﻗﺎﺌﻕ.
◙ -ﺘﻀﻤﻨﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻤﻠﻴﺔ ﻓﺼل ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻰ ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﺒﺈﺴﺘﺨﺩﺍﻡ
ﻨﻭﻋﺎﻥ ﻤﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻷﻴﻭﻨﻴﺔ  ،ﺍﻟﻤﺒﺎﺩل ﻏﻴﺭﺍﻟﻌﻀﻭﻱ ﺫﻭ ﺍﻟﻨﺸﺎﻁ ﺍﻟﺴﻁﺤﻲ
ﻭﺍﻟﻤﺤﻀﺭﻤﻌﻤﻠﻴﺎ ﻓﻭﺴـﻔﺎﺕ ﺍﻟﺴﺭﻴـــﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ۱٠٠-ﻭﺍﻟﻤﺒﺎﺩل ﺍﻟﻌﻀﻭﻱ
ﺍﻟﺘﺠﺎﺭﻱ ﺒﺭﻤﻴﻭﺘﺎﺕ ،ﻜﻤﺎ ﺘﻡ ﺩﺭﺍﺴﺔ ﺒﻌﺽ ﺍﻟﻌﻭﺍﻤل ﺍﻟﻤﺅﺜﺭﺓ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻟﻔﺼل ﻓﻲ
ﺍﻟﺤﺎﻟﺘﻴﻥ ﻭ ﻤـــﻥ ﺜﻡ ﻤﻌﺭﻓﺔ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﺜﺎﻟﻴﺔ ﻟﻌﻤﻠﻴﺔ ﺍﻟﻔﺼل ﻓﻲ ﻜﻠﺘﺎ ﺍﻟﺤﺎﻟﺘﻴﻥ
ﻭﺍﻻﺴﺘﻔﺎﺩﺓ ﻤﻨﻬﺎ ﻓﻲ ﻓﺼل ﻭﺍﻨﺘﺎﺝ ﺍﻟﻜﺭﻭﻡ ٥١-ﺍﻟﺜﻼﺜﻲ ﺍﻟﻤﺸﻊ ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ
ﻋﻨﺩ ﺘﺸﻌﻴﻊ ﺒﻌﺽ ﺍﻫﺩﺍﻑ ﺍﻟﻜــﺭﻭﻡ ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻲ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴـــﻲ
ﻓﻲ ﺍﻟﻤﻔﺎﻋل ﺍﻟﻨﻭﻭﻱ ﻤﺜل ﻜﺭﻭﻤﺎﺕ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ.
◙ -ﺘﻡ ﻓﺼل ﺍﻟﻜﺭﻭﻡ ٥١-ﺍﻟﺜﻼﺜﻲ ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻓﻭﺴﻔﺎﺕ
ﺍﻟﺴﺭﻴﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ۱٠٠-ﺒﻨﺴﺒﺔ ﻓﺼل  % ٣±٩٣ﻭﺒﺎﺴﺘﻌﻤﺎل ﺘﺭﻜﻴﺯ ٠.٠١ﻤﻭﻟﺭ
ﻤﻥ ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ ﻭ ﺯﻤﻥ ﺍﺘﺯﺍﻥ  ٤ﺴﺎﻋﺎﺕ ﻭﺍﺴﺘﺤﻼﺏ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ
-٣-

ﺒﻤﺨﻠﻭﻁ )ﺤﻤﺽ ﺍﻟﻬﻴﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ  ٠.١ﻤﻭﻟﺭ  ،ﺍﺴﻴﺘﻭﻥ  (%٤٠ﻭ ﺯﻤﻥ ﺍﺘﺯﺍﻥ
ﺴﺎﻋﺔ ﻭ ﻟﻜـﻥ ﻴﺤﺘﻭﺡ ﺍﻟﻤﺤﻠﻭل ﺍﻟﻨﺎﺘﺞ ﻋﻠﻲ  %٣ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﻟﺫﻟﻙ ﻴﻔﻀل
ﺘﻜﺭﺭﺨﻁﻭﺓ ﻏﺴل ﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ ﺒﻤﺤﻠﻭل ٠.٠١ﻤﻭﻟﺭ ﻤﻥ ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ
ﻭﺍﻟﺘﺯﺍﻥ ﻟﻤﺩﺓ  ٤ﺴﺎﻋﺎﺕ ﺒﻌﺩ ﺍﻤﺘﺼﺎﺹ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ ﻋﻠﻴﻪ ﻹﺯﺍﻟﺔ ﻫﺫﻩ ﺍﻟﺸﻭﺍﺌﺏ
ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ .ﺜﻡ ﻴﻔﺼل ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﻓﻲ ﺍﻟﻤﺤﻠﻭل ﻭﻴﻌﺎﺩ ﺍﺴﺘﺤــﻼﺏ
ﺍﻟﻜﺭﻭﻡ ٥١-ﺍﻟﺜﻼﺜﻲ ﺒﻌﺩ ﺍﻻﺘﺯﺍﻥ ﻟﻤﺩﺓ ﺴــﺎﻋﺔ ﺒﻤﺤﻠﻭل ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ
) ٠.١ﻤــﻭﻟﺭ +ﺍﺴﻴﺘﻭﻥ  (%٤٠ﻴﺼﺒﺢ ﻨﺎﺘﺞ ﺍﻟﻔﺼل  %٨٨ﻭﻴﻜﻭﻥ ﻨﺴﺒﺔ ﺸﻭﺍﺌﺏ
ﺍﻟﻜـــﺭﻭﻡ ﺍﻟﺴــﺩﺍﺴﻲ ﺍﻗــل ﻤﻥ %٠.١
◙ -ﺘﻡ ﻓﺼل ﺍﻟﻜﺭﻭﻡ ٥١-ﺍﻟﺜﻼﺜﻲ ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺒﺭﻤﻴﻭﺘﺎﺕ
ﺒﻨﺴﺒﺔ ﻓﺼل  %٣ ±٨٥ﻭﺍﺴﺘﻌﻤﺎل ﺘﺭﻜﻴﺯ ٠.٠٠١ﻤﻭﻟﺭ ﻤﻥ ﺤﻤﺽ
ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ ﻭ ﺯﻤﻥ ﺍﺘـﺯﺍﻥ ﺴﺎﻋﺔ ﻭﺍﺴﺘﺤـﻼﺏ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ ﺒﻤﺤﻠــﻭل
١ﻤـﻭﻟﺭ ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ ﻭ ﺯﻤـﻥ ﺍﺘـﺯﺍﻥ  ١٥ﺩﻗﻴﻘــﺔ .ﻭ ﻟﻜـﻥ
ﻴﺤﺘﻭﺡ ﺍﻟﻤﺤﻠﻭل ﺍﻟﻨﺎﺘﺞ ﻋﻠﻲ  % ٨ﻤﻥ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺴﺩﺍﺴﻲ ﻟﺫﻟﻙ ﻴﻔﻀل ﺘﻜﺭﺭﺨﻁﻭﺓ
ﻏﺴل ﺍﻟﻤﺒﺎﺩل ﺍﻻﻴﻭﻨﻲ ﺒﻤﺤﻠﻭل ٠.٠٠١ﻤﻭﻟﺭ ﻤﻥ ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ ﻭﺍﻟﺘﺯﺍﻥ
ﻟﻤﺩﺓ ﺴﺎﻋﺔ ﺒﻌﺩ ﺍﻤﺘﺼﺎﺹ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ ﻋﻠﻴﻪ ﻹﺯﺍﻟﺔ ﻫﺫﻩ ﺍﻟﺸﻭﺍﺌﺏ ﻤﻥ ﺍﻟﻜﺭﻭﻡ
ﺍﻟﺴﺩﺍﺴﻲ ﻤﻊ ﻤﺤﻠﻭل ٠.٠٠١ﺜﻡ ﺍﺴﺘﺤـﻼﺏ ﺍﻟﻜﺭﻭﻡ ﺍﻟﺜﻼﺜﻲ ﺒﻤﺤﻠــﻭل ١ﻤـﻭﻟﺭ
ﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ.
◙ -ﻴﺘﻀﺢ ﻤﻥ ﻤﻘﺎﺭﻨﺔ ﻋﻤﻠﻴﺔ ﺍﻟﻔﺼل ﻓﻲ ﺍﻟﺤﺎﻟﺘﻴﻥ ﺍﻥ ﺍﻨﺘﺎﺝ ﺍﻟﻜﺭﻭﻡ ٥١-ﺒﺎﺴﺘﺨﺩﺍﻡ
ﻁﺭﻴﻘﺔ ﻓﻭﺴﻔﺎﺕ ﺍﻟﺴﺭﻴﻭﻡ ﺘﺭﺍﻴﺘﻥ ﺇﻜﺱ ۱٠٠-ﺍﻜﺜﺭ ﺘﻨﺎﺴﺒﺎ ﺤﻴﺙ ﺘﺘﻀﻤﻥ ﺨﻁﻭﺍﺕ
ﺍﺒﺴــﻁ ﻭ ﻨﺎﺘـﺞ ﻓﺼـل ﺍﻜﺒــﺭ .ﻜﺫﻟﻙ ﻴﺘﻀﺢ ﺍﻨﻬﺎ ﺍﻜﺜﺭ ﺘﻨـﺎﺴﺒـﺎ ﻋﻨــﺩ
ﻤﻘﺎﺭﻨﺘـﻬﺎ ﺒﻁﺭﻴﻘــﺔ ﻤﺼﺎﺤــﺏ ﺍﻟﺘـﺭﺴﻴـﺏ ﺍﻟﻤـﺫﻜـﻭﺭﺓ ﻓـﻲ ﺍﻟﺩﺭﺍﺴـﺔ
ﺍﻟﻤــﺭﺠﻌـﻴـﺔ  ،ﻟﺫﻟـﻙ ﻴﻭﺼﻲ ﺒﻁﺒﻴﻘــﻬﺎ ﻓﻲ ﺍﻨﺘـﺎﺝ ﺍﻟﻜــﺭﻭﻡ.٥١-

-٤-

آﻠﻴــــــــــــﺔ اﻟﻌــﻠـــــــــﻮم
ﺟﺎﻣﻌــــــﺔ ﻋـﻴـــﻦ ﺷـﻤـــﺲ

دراﺳــﺔ رادﻳﻮآﻴﻤﻴﺎﺋﻴﺔ ﻋﻠﻲ ﻓﺼﻞ ﻧﻈﻴـﺮاﻟﻜـﺮوم٥١-
ﻣﻦ اﻟﻬـﺪف اﻟﻤﺸﻌــﻊ ﺑﺈﺳﺘﺨـﺪام ﻣﺒﺎدل أﻳﻮﻧﻲ ﺗﺠﺎري
أوﻣﺒﺎدل أﻳﻮﻧﻲ ﻣﺤﻀﺮﻣﻌﻤﻠﻴﺎ
رﺳﺎﻟـــﺔ ﻣﻘــﺪﻣـــﺔ ﻣــــﻦ

ﻣﺤﻤــﺪ إﺳﻤﺎﻋﻴــــــــﻞ ﻣﺤﻤﺪ ﻣﺤﻤــــﺪ ﻋﺎﻳـــﺪﻳﺔ
ﻣﺎﺟﺴﺘﻴﺮ اﻟﻌﻠﻮم )اﻟﻜﻴﻤﻴﺎءﻏﻴﺮ اﻟﻌﻀﻮﻳﺔ واﻟﻔــﺰﻳﺎﺋﻴﺔ(٢٠٠٧ -
آﻴﻤﻴﺎﺋﻲ /ﻣﺸــﺮوع إﻧﺘﺎج اﻟﻨﻈﺎﺋـﺮ اﻟﻤﺸﻌـــﺔ
ﻣﻔﺎﻋــﻞ ﻣﺼــﺮ اﻟﺒﺤﺜﻲ اﻟﺜﺎﻧــﻲ
هﻴﺌـــﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳــــﺔ

ﻟﻠﺤﺼﻮل ﻋﻠﻲ درﺟﺔ دآﺘــﻮراﻩ اﻟﻔﻠﺴﻔـــﺔ ﻓﻲ اﻟﻌﻠــــﻮم
)اﻟـﻜـﻴﻤـﻴــــﺎء(

ﻗﺴــﻢ اﻟﻜﻴﻤﻴــــﺎء
آﻠﻴـــــﺔ اﻟﻌﻠــــــــــــﻮم
ﺟﺎﻣﻌــــﺔ ﻋﻴــــﻦ ﺷﻤـــــــــﺲ

)(٢٠١٢

آﻠﻴــــــــــــﺔ اﻟﻌــﻠـــــــــﻮم
ﺟﺎﻣﻌــــــﺔ ﻋـﻴـــﻦ ﺷـﻤـــﺲ

إﺳـﻢ اﻟﻄﺎﻟـــــــــــــﺐ :ﻣﺤﻤــﺪ إﺳﻤﺎﻋﻴــــــــﻞ ﻣﺤﻤﺪ ﻋﺎﻳـــﺪﻳﺔ
ﻋﻨﻮان اﻟﺮﺳﺎﻟـــــــﺔ  :دراﺳـﺔ رادﻳﻮآﻴﻤﻴﺎﺋﻴﺔ ﻋﻠﻲ ﻓﺼﻞ ﻧﻈﻴـﺮاﻟﻜـﺮوم٥١-
ﻣﻦ اﻟﻬـﺪف اﻟﻤﺸﻌﻊ ﺑﺈﺳﺘﺨـﺪام ﻣﺒﺎدل أﻳﻮﻧﻲ ﺗﺠــﺎري
أوﻣﺒــــﺎدل أﻳﻮﻧﻲ ﻣﺤﻀﺮﻣﻌﻤﻠﻴـــــــــﺎ
اﻟﺪرﺟﺔ اﻟﻌﻠﻤﻴـــــــــﺔ :دآﺘــﻮراة اﻟﻔــﻠﺴــﻔــﺔ
ﻟﺠﻨـــــــﺔ إﺷـــــــــــﺮاف
أ.د /ﻣﺤﻤﺪ ﺻﺒﺮي ﻋﺒـﺪاﻟﻤﻄﻠـﺐ :أﺳﺘــــﺎذ اﻟﻜـﻴـﻤـﻴـﺎء ﻏﻴـــﺮاﻟﻌـــﻀــــﻮﻳــــﺔ -آﻠﻴـــﺔ اﻟﻌـﻠــــﻮم
أ.د /ﺻـــــﻼح ﺳﻠﻴﻤــــــــــــــﺎن:

ﺟـــــــــﺎﻣﻌــــــــــــــــــــــﺔ ﻋـــــــﻴﻦ ﺷﻤــــﺲ
اﻟﻤﺸـــــــــــﺮف ﻋﻠﻲ ﻣﺸــــــــﺮوع اﻟﻨﻈﺎﺋــــﺮاﻟﻤﺸﻌــــــــــﺔ
هﻴﺌـــــــــــــﺔ اﻟﻄﺎﻗـــــــــﺔ اﻟﺬرﻳـــــــــــــــــــــﺔ

ا.د /أﺣﻤـﺪ ﻋﺒﺪاﻟﻤﻌﻄـﻰ ﺑﻴﻮﻣــﻰ:أﺳﺘﺎذ اﻟﻜﻴﻤﻴﺎء اﻹﺷﻌﺎﻋﻴﺔ -ﻗﺴــــﻢ اﻟﻨﻈﺎﺋﺮواﻟﻤــﻮﻟﺪات
اﻟﻤﺸﻌــﺔ -هﻴﺌﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳــــــــــــــــﺔ
أ.م.د/ﺧﺎﻟﺪ ﻣﺤﻤﺪ اﻟﻌﺰوﻧــــــــﻲ :أﺳﺘﺎذ ﻣﺴﺎﻋﺪاﻟﻜﻴﻤﻴﺎء اﻹﺷﻌﺎﻋﻴﺔ – ﻗﺴــﻢ اﻟﻨﻈﺎﺋــــــــﺮ
واﻟﻤﻮﻟـﺪات اﻟﻤﺸﻌــﺔ-هﻴﺌﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳـﺔ.

ﻟﺠﻨـــــــﺔ اﻟﺤﻜــــﻢ
أ.د /ﻣﺤﻤﺪ ﺻﺒﺮي ﻋﺒـﺪاﻟﻤﻄﻠـﺐ :أﺳﺘــــﺎذ اﻟﻜـﻴـﻤـﻴـﺎء ﻏﻴـــﺮاﻟﻌـــﻀــــﻮﻳــــﺔ -آﻠﻴـــﺔ اﻟﻌـﻠــــﻮم
ﺟــــﺎﻣﻌـــــﺔ ﻋـــــﻴﻦ ﺷﻤــــﺲ ) ﺗــــﻘــــﺮﻳــــﺮ
أ.د /أﺣﻤـﺪ ﻋﺒﺪاﻟﻤﻌﻄـﻰ ﺑﻴﻮﻣـﻰ :أﺳﺘــــــﺎذ اﻟﻜـﻴــﻤﻴـــﺎء اﻹﺷــــــــــــــــﻌــــﺎﻋــــــــــﻴـــــــــــــــﺔ
هﻴﺌـــــﺔ اﻟﻄﺎﻗـــــﺔ اﻟﺬرﻳــــــﺔ ﻣﺸﺘــــــــــــــﺮك(
ا.د /ﻣﺠﺪاﻟﺪﻳﻦ ﻋﻠﻲ اﻟﺴﻴﺪ رﻋﻴﺔ :أﺳﺘــــــﺎذ اﻟﻜـﻴــﻤﻴــﺎء اﻹﺷــــــــــــﻌـــــــﺎﻋــــــــــﻴــــــــــــــــﺔ
هﻴﺌـــــــــﺔ اﻟﻄﺎﻗـــــــــﺔ اﻟﺬرﻳـــــــــــــــــــــﺔ
أ.د /ﻋـﺒﺪاﻟﺤﻜﻴـﻢ ﻃـــﻪ ﻗــﻨﺪﻳـــﻞ :أﺳﺘــــﺎذ اﻟﻜـﻴـﻤـﻴـﺎء ﻏﻴــﺮاﻟﻌـــﻀـــﻮﻳـــﺔ واﻹﺷـﻌــﺎﻋـﻴــــﺔ-
آــﻠـــﻴـــــﺔ اﻟﻌـﻠــــﻮم– ﺟـﺎﻣﻌـــــﺔ ﺣـﻠــﻮان

ﺗﺎرﻳﺦ اﻟﺒﺤﺚ
اﻟــﺪراﺳــﺎت اﻟﻌﻠﻴــــﺎ
ﺧـــﺘﻢ اﻹﺟــــــــــــﺎزة
٢٠١٢/ /
ﻣﻮاﻓﻘﺔ ﻣﺠﻠﺲ اﻟﻜﻠﻴـــــﺔ
٢٠١٢/ /

أﺟﻴﺰت اﻟﺮﺳﺎﻟــــــــــــﺔ ﺑﺘﺎرﻳﺦ
٢٠١٢/ /
ﻣﻮاﻓﻘﺔ ﻣﺠﻠﺲ اﻟﺠـــــــﺎﻣﻌــــﺔ
٢٠١٢/ /

آﻠﻴــــــــــــﺔ اﻟﻌــﻠـــــــــﻮم
ﺟﺎﻣﻌــــــﺔ ﻋـﻴـــﻦ ﺷـﻤـــﺲ

إﺳﻢ اﻟﻄﺎﻟﺐ /ﻣﺤﻤــﺪ إﺳﻤﺎﻋﻴــــــــﻞ ﻣﺤﻤﺪ ﻋﺎﻳـــﺪﻳﺔ
إﺳﻢ اﻟﺪرﺟﺔ اﻟﻌﻠﻤﻴﺔ  /اﻟﺪآﺘــﻮراﻩ

اﻟﻘﺴﻢ اﻟﺘﺎﺑﻊ ﻟـﻪ  /اﻟﻜﻴﻤﻴﺎء
إﺳﻢ اﻟﻜﻠﻴــــــــﺔ /اﻟﻌﻠﻮم
اﻟﺠﺎﻣﻌـــــــــــﺔ  /اﻟﺰﻗﺎزﻳﻖ
ﺳﻨﺔ اﻟﺘﺨﺮج ١٩٩٩ /
ﺳﻨﺔ اﻟﻤﺎﺟﺴﺘﻴﺮ ٢٠٠٧ /

آﻠﻴــــــــــــﺔ اﻟﻌــﻠـــــــــﻮم
ﺟﺎﻣﻌــــــﺔ ﻋـﻴـــﻦ ﺷـﻤـــﺲ

ﺷــﻜـــــﺮ
أﺗﻘﺪم ﺑﺄﺳﻤﻲ أﻳﺎت اﻟﺸﻜﺮ واﻟﻌﺮﻓﺎن ﻷﺳﺎﺗﺬﺗﻲ اﻻﻓﺎﺿﻞ اﻟﺬﻳﻦ
ﻗﺎﻣﻮا ﺑﺎﻻﺷﺮاف ﻋﻠﻲ هﺬا اﻟﻌﻤﻞ وهﻢ:
• أ.د/.ﻣﺤﻤﺪ ﺻﺒﺮي ﻋﺒﺪ اﻟﻤﻄﻠﺐ:
• أ.د/.ﺻــﻼح ﺳﻠﻴﻤــــﺎن:

أﺳﺘﺎذ اﻟﻜﻴﻤﻴﺎء ﻏﻴﺮ اﻟﻌﻀﻮﻳـﺔ  -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ

اﻟﻤﺸﺮف ﻋﻠﻲ ﻣﺸﺮوع اﻧﺘـﺎج اﻟﻨﻈﺎﺋــﺮ -هﻴﺌـﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳﺔ

• أ.د/أﺣﻤـﺪ ﻋﺒﺪاﻟﻤﻌﻄـﻰ ﺑﻴﻮﻣــﻰ:أﺳﺘﺎذ اﻟﻜﻴﻤﻴﺎء اﻹﺷﻌﺎﻋﻴﺔ-هﻴﺌﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳــﺔ
• أ.م.د/ﺧﺎﻟﺪ ﻣﺤﻤﺪ اﻟﻌﺰوﻧﻲ:أﺳﺘﺎذ ﻣﺴﺎﻋﺪاﻟﻜﻴﻤﻴﺎء اﻹﺷﻌﺎﻋﻴﺔ -هﻴﺌﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳﺔ
وآﺬاﻟﻚ أود أن أﺷﻜﺮ أ.د /ﻣﺼﻄﻔﻲ دروﻳﺶ :أﺳﺘﺎذ اﻟﺠﻴﻮﻟﻮﺟﻴﺎ‐هﻴﺌﺔ اﻟﻤﻮاد اﻟﻨﻮوﻳــــــﺔ

آﻤﺎ أود أن أﺷﻜﺮ اﻟﻔﺮﻳﻖ اﻟﻌﻠﻤﻲ ﺑﻘﺴﻢ اﻟﻨﻈﺎﺋﺮ واﻟﻤﻮﻟـﺪات اﻟﻤﺸﻌـــــﺔ
وﻣﺸــــــﺮوع اﻧﺘﺎج اﻟﻨﻈﺎﺋﺮ اﻟﻤﺸﻌﺔ ﺑﻬﻴﺌـﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﻳﺔ.

