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Abstract

Applications of radioisotope technology have proved itself to be effective
techniques for troubleshooting and optimizing industrial process in
petrochemical industry.
In this study gamma scanning technique has been employed for better
understanding of malftmctions by using the flow rig system. The scanning
were carcied out using " mTc gamma radiation source with activity of I mCi
and quantity of 5 ml to measure the flow rate for the water flow rig. The
experiment was repeated by reducing the data interval time to get more
precise result.
The investigations were also carried out using 5 ml o f " mTc with activity of
0.3 mCi for measuring the Residence Time Distribution (RTD) inside the
flow rig tank which enables calculating the effective volume for the
operating tank and its dead volume.
The results proved th a t t h e t e c h n i q u e is sensitive, reiiable and can be
adop ted to investigate industrial reactors.

ﻣﻠ ﺨ ﺺ

ﺗ ﻄ ﻮ ر ت ﺗ ﻄﺒﻴﻘﺎ ت اﻟ ﻄﺎﺋ ﺮ اﻟﻤ ﺸﻌﺔ ﻟﺘ ﺼﺒ ﺢ

ﻣ ﺆ ﻫﻠﺔ وﻓﻌﺎﻟﺔ ﻟﻔ ﺤ ﻌ ﻦ اﻟﻌﻤﻠﻴﺎ ت وأﻣﺜﻠﺘﻬﺎ

ﻓﻲ

اﻟ ﺼﻨﺎ ﻋﺎ ت اﻟﺒﺘﺮوﻛﻴﻤﻴﺄﻧﺠﺔ ٠ﺗﺘﻜﻮ ن ﻫﺬ ه اﻟﺘﻜﻨﻠﻮ ﺟﻴﺎ ﻣ ﻦ ﻣﻜﻮﻧﻴ ﻦ أ ﺳﺎ ﺳﻴﻴ ﻦ ﻫﻤﺎ ﺗ ﻄﺒﻴﻘﺎ ت اﻟﻤ ﺼﺎدر
اﻟﻤ ﺸﻌﺔ اﻟ ﻤ ﻐﻠﻘ ﺔ وﺗ ﻄﺒﻴﻘﺎ ت ﻣﻘﻔﻴﺎ ت ا ألﺛ ﺮ اﻟﻤ ﺸﻌﺔ .ﻓ ﻲ ﻫﺬه اﻟﺪ را ﺳﺔ ﺗﻢ ا ﺳﺘ ﺨﺪام ﺗﻘﻨﻴ ﺔ اﻟﻤ ﺴ ﺢ اﻟﻘﺎﻣ ﻲ
ﺑﺎ ﺳﺘ ﺨﺪام ﻣ ﺼﺪ ر اﻟﺘﻜﻨﻴ ﺸﻴﻮم اﻟﻤ ﺸﻊ ﺑﻨ ﺸﺎ ط إﺷﻌﺎﻋ ﻲ وا ﺣﺪ ﻣﻠ ﻲ ﻛﻴ ﻮ ر ى ﺑ ﻜ ﻤﻴﺔ ﻗﺪ ر ﻫﺎ  5ﻣﻠ ﻲ ﻟﻔ ﺤﺘ ﺲ

ﻣﻨ ﻈﻮﻣﺔ ﺗ ﺤﺎ ﻛ ﻲ ﻋﻤﻞ و ﺣﺪة ﺻﻨﺎ ﻋﻴﺔ ﺻﻐﻴ ﺮة.
اﻟﺴﺮﻳﺎن ،ﻛ ﺮ ر ت اﻟﺘ ﺠ ﺮﺑﺔ ﻟﻠ ﺤ ﺼﻮ ل ﻃ ﻰ

ﺗﻢ ﻗﻴﺎ س ﻣﻌﺪ ل اﻧ ﺴﻴﺎ ب اﻟﻤﺎﺀ دا ﺧ ﻞ ﻣﻨ ﻈﻮﻣﺔ

أﻛﺜﺮ دﻗﺔ وذﻟ ﻚ ﺑﺘﻘﻠﻴ ﺪ زﻣ ﻦ ﻓﺘ ﺮة اﻟﻘﻴﺎ س .

ﻣ ﺮة أ ﺧﺮ ى ﺗﻢ ا ﺳﺘ ﺨﺪام  5ﻣﻠ ﻲ ﻣ ﻦ ﻣ ﺼﺪ ر اﻟﺘﻜﻨ ﺸﻴﻮم اﻟﻤ ﺸﻊ ﺑﻨ ﺸﺎ ط إ ﺷﻌﺎﻋ ﻲ  0.3ﻣﻠﻤﻲ ﻛﻴﻮر ي
وذﻟ ﻚ ﻟﻘﻴﺎ س ﺗ ﻮ ز ع زﻣ ﻦ اﻟﺒﻘﺎﺀ ﻟﻠ ﻤﺎدة اﻟﻤ ﺸﻌﺔ دا ﺧ ﻞ ﻣﻨ ﻈ ﻮ ﻣ ﺔ ا إلﻧ ﺴﻴﺄ ب وﻣ ﻦ ﺛﻢ ﺣ ﺴﺎ ب اﻟ ﺤ ﺠﻢ اﻟﻔﻌﺎل

ﻟﺨﺰان اﻟﻤﻴﺎه اﻟﺨﺎ ص ﺑﺎﻟﻤﻨ ﻈ ﻮﻣﺔ وﺑﺬﻟ ﻚ ﺗﻤ ﺖ ﻣ ﻌ ﺮﻓﺔ اﻟ ﺤﺠﻢ اﻟﻐﻴﺮ ﻓﻌﺎ ل واﻟﺬ ي ﻳ ﻌﺒ ﺮ ﻋ ﻦ ﻣﺪ ى ﻛﻔﺎﺀة

اﻟ ﻤﻠﻴ ﺔ ؛

.٣

ﺑﻌﺪ إﺟﺮاﺀ ﻫﺬه اﻟﺪ را ﺳﺔ ﺗﻮ ﺻﻠﻨﺎ أن ذﻗﻨﻴﺔ ﺗ ﻮ ز ع زﻣ ﻦ اﻟﺒﻐﺎﺀ ﺑﺎ ﺳﺘ ﺨﺪام ﻣﻘﻔﻴﺎ ت ا ألﺛﺮاﻟﻤ ﺸﻌﺔ ﺗﻘﻨﻴﺔ

ﻓﻌﺎﻟﺔ وذا ت ﺣ ﺴﺎ ﺳﻴﺔ ﻋﺎﻟﻴﺔ وﻳﻤﻜ ﻦ ﺗﺒﻨﻴﻬﺎ ﻟﺘ ﺼﺒ ﺢ أداة ﻣ ﻮﺛ ﻮﻗﺔ ﻟﻔ ﺤ ﺺ اﻟﻤﻔﺎ ﻋ ال ت اﻟ ﺼﻨﺎ ﻋﻴﺔ.
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CHAPTER ONE
INTRODUCTION

1.1 Background
R a d io tra c e have been widely used throu§hout industry to optimize processes, solve
problems, improve product quality, save energy and reduce poilutl'on. Their technical,
economic and environmental benefits have been well demonstrated and recognized by
the industrial

and environmental sectors.

Relevant target areas for radiotracer

applications are defined. Though the technology is applicable across a broad industrial
spectrum, the
wastewater
beneficiaries

petroleum

treatm ent
of

and

sectors

radioisotope

petrochemical
are

identified

applications.

industries,
as
These

the

mineral
most

industries

processing and

appropriate
are

target

widespread

internationally and are of considerable economic and environmental importance (رل.
Residence time distribution measured by radiotracers has become an important tool for
the diagnosis of industrial processing units.
Stimulated by an ever increasing demand from the large production plants, many
radiotracer techniques have been evolved to provide fast and effective solutions to
plant and process problems. These techniques are now in routine service to industry in
many developed and developing countries. The number of services for troubleshooting
inspections carried out per year is not known precisely, but it is certainly in excess of
several thousands worldwide (2).
The petroleum industry exerts a major influence in many developing countries national
economics consequently; the petrochemical industry is one of the most important
sectors of radioisotope technology applications. The search for oil and gas resources,
the oil product intensification, the transportations of crude oil and
natural gas
by pipelines, as well as their processing in petroleum refineries and chemical plants,
offers possibilities for extremely diverse radioisotope technology, ranging from studies
at the oil-well, to investigation at the refinery. (Hills, 2006)
This study aims to apply radioisotope applications technology for troubleshooting and
optimizing industrial processes in Flow rig as a simulation of petrochemical plants and
highlight the possibilities and potentials the technology can nffpr.

1.2 Objectives ofthe study
The study deals with the use of radioisotope techniques (S3mTc as
and determine the followings:

 وradiotracer) to verify

٠ The Flow ٥٢ volumetric rate ؛٨ the bypass of the flow rig
٠ The residence time distribution of the flow rig.
٠ Tank dead volume.

1.3Elements ofRadiation Physics
1.3.1 Radiation and Radioisotopes
Radiation is defined as the emission of energy in the form of waves or particles
through a medium. Examples include radio and TV waves, microwaves, radar, light
(infrared, visible and ultraviolet), X rays and cosmic rays. The frequency of the
waves determines the radiation characteristics.
Ionizing radiation has sufficient energy to interact with an atom and remove tightly
bound electrons from their orbits, causing the atom to become charged or
"ionized." Examples are alpha and beta particles, and gamma rays. Ionization
provides the means for detecting radiation via special instruments (radiation
detectors).

1.3.1.1 Radioactivity
Radioactivity is  وspontaneous process in which the unstable nucleus of an element
"radiates" excess energy in the form of particles (alpha, beta) or waves (gamma
rays). This instability is caused by an excess of protons or neutrons. After this excess
energy is released, either a lower energy atom of the same element or a new
nucleus and element may be left. This process is referred to as a transformation.
decay or disintegration of an atom (7).

1.3.1.2 Structure of the atom
In 1913, Danish physicist Niels Bohr proposed a model of the structure of the atom,
based on quantum mechanics, henceforth referred to as the "Bohr atom". It
consisted of a central nucleus of protons and neutrons that are surrounded by
orbiting electrons. Fig (1.1) shows the atom of helium.

Fig ل. لBoh،■ Atom Structure Model for Helium

2

The Bohr atom is not the most comprehensive or definitive model that exists of the
atom but is suitable in explaining its basic structure. Atomic particle properties are as
follows:
El Proton, net electricai charge +1 unit, rest mass 1.673 x 10"27kg
0 Neutron, net electrical charge 0, rest mass 675 .ل

X

10'27 kg

0 Electron, net electrical charge - 1 unit, rest mass 9.1066

X

10'31 kg

Neutrons are only slightly more massive than protons; electrons are about 2000 times
less massive than protons. The number of protons determines the element of the atom:
hydrogen has one proton, helium has two protons, tungsten has 74 protons, and
uranium has 92 protons.
The number of protons is known as the "atomic number" and is designated as "z".
Atoms with different numbers of protons are called "elements."
Atoms are normally electrically neutral: the total positive charge of protons equals the
total negative charge of electrons. The sum of the protons and neutrons is known as the
"atomic mass number," and is designated as " ٨ ." Neutrons make up the remaining mass
of the nucleus and provide a mechanism to hold the protons in place. Without neutrons,
the nucleus would split due to the repellent force between the positively charged
protons.
Elements can have nuclei with different numbers of neutrons in them.

Hydrogen, which

٧^٧^١١٧ only has one proton in the nucleus, can have a neutron added to itsnucleus

to

form deuterium; two added neutrons would create tritium, the radioactive form of
hydrogen. Atoms of the same element that vary in neutron number are called
"isotopes". Some elements have many stable isotopes (tin has 10) while others have
only one or two. Isotopes are depicted by "A" with the element abbreviation, e.g., 20Ne,
where 20 represents "A" (sum of protons and neutrons) and Ne is the symbol for neon
)•(ة

1.3.1.3 Radioactive decay and half-life
Half-life (symbol: VA) is the time required for the quantity of a radioactive material to be
reduced to one-half of its original value. After two half-lives, there will be one fourth the
original sample, as shown in Fig (1.2). Practically, after 4-5 half-lives the radioisotope is
almost disappeared. All radioisotopes have a particular half-life that ranges from
fractions of a second to millions of years (1).

3

٨٢^٢(

.ء
1 - 1
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ي3?,

؛.
It '

5T

1

T im e as  ﻭm ufti pte o f th e halfiife ﺁ

Fig 1.2 Radioactive Decay Principle: Half-Life Illustration

1.3.1.4. Gamma radiation
Gamma rays are electromagnetic radiation emitted by radioactive decay; energies range
from ten thousand to ten million electron volts. Like all forms of electromagnetic
radiation, the gamma ray has no mass and no charge. Gamma rays interact with
material by colliding with the electrons in the shells of atoms. The three interactions are
the photoelectric effect, Compton scattering and pair production. They lose their energy
slowiy in material, being able to travel significant distances before stopping. Depending
on their initial energy, gamma rays can travel up to hundreds of meters in air and can
easily go right through most material. Most alpha and beta emissions also include
gamma rays as part of their decay process. Gamma emission accompanies normally the
alpha and beta radiation; there are no "pure" gamma emitters. Gamma rays pose an
external hazard (1).

1.3.1.5 Gamma Radiation Sources
ل.3. ل.5.  لBromine-82

(82Br)

82Br is a major radioisotope of interest for use as industrial tracers including field works.
They are produced by the activation of Na2C03 and NH4Br target, respectively.
Br-82 consist of 35 protons and 47 neutrons
Decay mode: Beta with associated gamma radiation
Half-life: 35.30 h
Gamma energy: 554, 619 and 777 keV
Production scheme: 81 Br (n,y) 82 Br
Target material: Anhydrous Potassium Bromide
Oecay product: Krypton-82 (stable).
1.3.1.5.2 Iodine-131 (1311)

Iodine-131 is an important radioisotope used in medicine for both therapy and
diagnosis, also used as a tracer in the industrial field. It decays by P- emission with half

4

live of 8.0207 days. The product emits two intense

٧ rays

of 364 keV and 637 keV. it is

produced by neutron irradiation of tellurium metal.
i 3 0 T e ( n , y ) i 3 i T e * P- 1 ل3  >— اP - i 3 i X e ( stable)
25 min

8.0207 d

1.3.1.5.3 Technetium-99m (99mTc)
Technetium-99m is a widely used radioactive tracer in Nuclear Medicine and industrial
field. It's gamma ray energy of about 140 keV is convenient for detection. The fact that
both its physical half-life and its biological half-life are very short leads to very fast
clearing from the body after an imaging process. A further advantage is that its gamma
emission is a single energy, not accompanied by beta emission, and that permits more
precise alignment of imaging detectors.
Technetium -99m is produced by bombarding molybdenum 98M o with neutrons. The
resultant 99M o decays with a half-life of 66 hours to the metastable state of Tc.

This

process permits the production of 99mTc for medical purposes. Since 99M o is a fission
product of 235 الfission, it can be separated from the other fission products and used to
generate 99mTc. For medical purposes, the 99mTc is used in the form of pertechnate,
Tc04-.
The technetium isotope 99mTc is unusual in that it has a half-life for gamma emission of
6 . 3  هhours. This is extremely long for an electromagnetic decay - more typical is 10-16
seconds. With such a long half-life for the excited state leading to this decay, this state is
called a metastable state, and that is the reason for the designation 99m. Some aspects
of the complex decay of this radioisotope are shown in Fig (1.3). The dominant decay
mode gives the useful gamma ray at 140.5 keV (8).
While the 140.5 keV gamma transition is labeled as happening 98.6% of the time, not all

آه

those actually emit a gamma ray photon. The process called internal conversion

always competes with gamma photon emission. This involves transfer of the energy of
the transition to one of the atomic electrons, usually a K,

ا,

or M shell electron. This

decay has been studied carefully enough to know the fraction of the decays associated
with each pathway (رو.

Decay of Technetium-99m
99m

Ox.'•

Tc

43

2.1 ^ ٧

142.6 keV
1
1.4%

٧

140.5 keV

98.s%
6.03

ﻪ
99
Tc
43

٠٦٢

ﻳ

ب
2 . 1 2 x 1 0 s y؛

Fig 1.3 Decay of Techrietium-99m

1.3.2 Radiation Units
1.3.2.1 Unit of radioactivity

Radioactive material is usually quantified by its activity rather than its mass. The activity
is the number of disintegrations or transformations the quantity of material undergoes
in a given period of time. The two most common units of activity are the Curie and the
Becquerel (the SI unit.)
While working in Paris with several tons of uranium ore, Marie and Pierre Curie were
able to separate two new elements which w ere even more radioactive than the uranium
itself and named them as polonium and radium. It was found that 37 billion atoms
disintegrate per second in 1 g of radium. For the discovery of radium, the Curies were
Snored with the unit Curie, i.e. 1 Ci = 37 billion atoms disintegrating per second. This
؛ong-used unit of radioactivity has been replaced with the SI unit, the Becquerel (1 Bq =
!disintegration per second). Henri Becquerel has discovered the phenomenon of
Radioactivity in 1896, in the course of his research on fluorescence. ١٨ 1 9 3  هhe shared
the Nobel Prize in physics with French physicists Marie Curie and Pierre Curie for work
on radioactivity.
1 Ci = 3,7

X

101Q Bq

The Curie is a large amount of radioactivity while the Becquerel is a very small amount.
For convenience, mi l l 1) - ؛thousandth) and micro- (1 millionth) Curies or Mega- (million)
and Giga (billion) Becquerel"s are used in everyday practice.

1.3.2.2 Dose units
Dose is a generic term that means absorbed dose, dose equivalent, effective dose
equivalent, committed dose equivalent or total effective dose equivalent. Each of these
is defined below:
Absorbed dose: It is the energy imparted by ionizing radiation per unit mass of
irradiated material, and its measurement unit is the Gray (Gy). Gray is defined as a unit
of energy absorbed from ionizing radiation, equal to 1□ 000 ergs per gram or 1 joule per
kilogram of irradiated material. The unit Gray can be used for any type of radiation; it
does not describe the biological effects of the different radiations. The old unit of
absorbed dose is "rad". New and old units relation is: 1 Gray (Gy) = 100 rads.
Equivalent dose: This relates the absorbed dose in human tissue to the effective
biological damage of the radiation. It is a multiplication of (absorbed dose) X (quality
factor) X (other necessary modifying factors of interest). The Sievert (Sv) is a unit used to
derive the "equivalent dose". Normally, the equivalent dose is expressed in milliSieverts
(mSv).
Not all radiations have the same biological effect, even for the same amount of
absorbed dose. Equivalent dose is calculated by multiplying absorbed dose (Gy) by a
quality factor (QF) that is unique to the type of incident radiation. Quality factors (QF)
for some radiations are:
0 Gamma and X rays: 1
IS Beta particles: 1
IS Alpha particles: 20
mThermal neutrons (lower energy): 2
0 Fast neutrons (higher energy): 10

 ﻗﺎProtons: 10
 ]ةHeavy ions: 20
Roentgen (R): The roentgen is a unit used to measure a quantity called "exposure". This
unit is used only for gamma and X rays with energy less than 3.5 MeV, and only applies
in air. One roentgen is equivalent to depositing 2.58 X 10-4 coulombs per kg of dry air. It
is a measure of the ionizations of molecules in a mass of air. The main advantage of the
Roentgen is that it is easily measured directly.

7

1.3.2.3 Radiation dose rate ؛٨ the v ؛€؛nity of a point source of §amma rays

There is an empirical relation between the radiation dose rate in air (exposure in R/h)
and the activity A (Ci) of a point source of gamma rays in a distance r (m):
p = r . A/r2
Where: dose rate factor r is an empirical factor for the specific radioisotope that
includes absorption, geometry, photon per disintegration, energy, and all other factors
that affect the dose rate from the radioisotope at unit distance. The in v e rse -sg a re law
of gamma absorption in air is assumed as long as the source can be considered a point
source. The absorption of §^٨١٨١^ rays in air is also assumed to be negligible. Dose rate
factors are 15 given in R/h for 1 □ at 1 m. r factors are usually tabulated for activity of 1
Ci and distance of 1 meter. For example 60Co has the dose rate factor of 1.35, 137CS of
0.30, and 198Au of 0.23. This empirical relation is used in field radiotracer work as a
simple approach for rough calibration of radiation detectors (رو.

1.3.3 Radiation Detection
The gas filled radiation detector was discovered by Hans Geiger while working with
Ernest Rutherford in 1908. The design of this device was later refined by Hans Geiger
and w. Mueller, in the 1920s. It is sometimes called simply a Geiger counter or a G-M
counter and is commonly used in portable radiation detection instruments.
The function of a radiation detector is to convert radiation energy into an electrical
signal. There are tw o basic mechanisms for converting this energy: excitation and
ionization. In ionization, an electron is stripped from an atom, and electron and resulting
ion are electrically charged. These charged particles can be influenced by an electric
field to induce a current that can be measured directly or converted into a voltage pulse.
Ionization chambers, Geiger Mueller tubes, BF3 or 3He neutron detectors, and other gas
proportional detectors are examples of ionization detectors ( 10).
In excitation, electrons are excited to a higher energy level and when the vacant
electron is filled, electromagnetic radiation is emitted. Scintillation detectors such as
Nal, BGO, Csl, Polyvinyl toluene (PVT) plastic scintillator and neutron sensitive glass
fibers are examples of scintillation detectors. Scintillation crystals respond to radiation
by emitting a flash of light proportional to the energy of the photon that is stopped in
the costal. Photomultiplier tubes are used to convert the light emitted by these
detectors into electrical pulses which can then be processed.
The most recent class of detector developed are semiconductor (or solid state)
detectors. These detectors convert the incident photons directly into electrical pulses.
Solid state detectors are fabricated from a variety of materials including: germanium,
silicon, cadmium telluride, mercuric iodide, and cadmium zinc telluride. Choice of a
detector for a given application depends on several factors. For instance, germanium
detectors have the best resolution, but re؟uire li؟uid nitrogen cooling which makes
them impractical for portable applications. Silicon, on the other hand, needs no cooling,
but is inefficient in detecting photons with energies greater than a few tens of keV. In

the last few years detectors fahricated from high

z sem iconductor

materials have gained

acceptance due to their ability to operate at room tem perature and their inherent high
efficiency. Detectors made from cadmium telluride and cadmium zinc telluride are
routinely used.

1.3.4 Radiation Prote€tion and Safety
1.3.4.1 A LARA principle
Radiotracers emit ionizing radiations, which are potentially hazardous to health so that
radiation protection m easures are necessary throughout all aspects of operations. The
dose rate at a point is inversely proportional to the square of the distance between the
source and the point. Therefore a radiation worker has to maintain maximum possible
distance from a radiation source. The dose received is directly proportional to the time
spent in handling the source. Thus, the time of handling should be as short as possible.
The radiation intensity at a point varies exponentially with the thickness of shielding
material. Thus a radiation worker has to use an optimum thickness of shielding material
against the radiating source. The most elementary means of protection is known as
"TDS" or "Time, Distance and shielding.

 وDecreasing the time

spent around a radiation source decreases the exposure

® Increasing the distance from a source decreases the exposure
0 Increasing the thickness of shielding to absorb or reflect the radiation decreases the
exposure.
For exposures from any source, except for therapeutic medical exposure, the doses, the
number of people exposed and the likelihood of incurring exposures shall all be kept as
low as reasonably achievable (ALARA principle) (11).

1.3.4.2 Radiation Safety Considerations in Radiotracer Applications
All safety measures must be taken to avoid unnecessary exposure to radiation. The
following can be used to facilitate planning of an investigation.

 وRadioactive tracers

can be detected at low concentrations and through relatively thick

walls of pipes and vessels.

و

Radiation detectors used are highly sensitive, and can detect radioactivity at low

concentration؟.
®Short half-life tracers can be used.
0 Normally the volume of process flows ensures that radiotracer is diluted to an
acceptable safe concentration level.
0 Handling of radioactive tracers must not pose a risk, or e n v ir o n m e n t a l hazards.

 وDuring transport

of radioactivity to the site of investigation, care should be taken that

the dose rate on the container not to be higher than 2 mSv/h (200 mR/h). If transported
by vehicle the radiation dose rate must not be higher than I S 1
-iSv/h (1.5 mR/h) in the

rahinpt0 ALARA must always be the slogan when planning a radioactive tracer investigation (11).

1.4 Radioactive Tracers
1.4.1 Types of Tracers
A tracer is any substance whose atomic

٥٢ nuclear,

physical, chemical, or biological

properties provide for the identification, observation and following of the behaviour of
various physical, chemical or biological processes (dispersion, mixing, kinetics and
dynamics), which occur either instantaneously or in a given lapse of time. There are
many kinds of tracers. (2). Fig (1.4) shows the tracer principle.

Tracer injection

Tracer

Fig 1.4 Tracer Principle

1.4-1-1 Intrinsic Tracers
Intrinsic (or chemical) tracers are molecules containing an isotope (radioactive or stable)
of one of the molecule"s natural elements, which

makes the labeled molecule

particularly detectable by nuclear or conventional methods in systems where the
dynamic characteristics of the non-labeled molecules have to be followed. For example,
in the case of water. Tritium (1H 3H16□) measured by nuclear techniques (in practice

 ل؛الو؛اscintillation

counting) is an intrinsic tracer. In this case, the w ater molecule is

traced from the inside, in the intimacy of its nucleus; consequently the w ater tracer will
(in practice) follow all movements and reactions of w ater itself.
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4.1.2 . لExtrinsic Tracers

Extrinsic

(٥٢ physical) tracers are made up of atoms or molecules supposed to share the

same dynamic characteristics and, in general, the same mass flow behavior as the
investigated medium. Belonging to this category are all the substances that allow tracing
outside the mofecufar or ionic structure. For exampfe, in case of water, Na,131l and 51CrEDTA are examples of extrinsic tracers for water.

1.4.2 Radio active tracer (Radiotracer)
The radiotracer is kind of tracers having radioactivity properties. The radioactive tracers
(radio- active tracer) are mostly used for online diagnosis of industrial reactors. Table
(1.1) shows the major radioisotopes which were used as radiotracers in industry.
1.4.2.1 Advantages of Radiotracers

0 Most of the radiotracer applications in industrial reactors make use of artificially
produced radionuclides. They have high detection sensitivity for extremely small
concentrations, for instance, some radionuclides may be detected in quantities as small
as 10-17 grams.
0 The amount of radiotracer used is virtually insignificant. For example, 1 Ci of 131Iweighs 8 [ig, while 1 Ci of 82Br- weighs only 0.9 |ig. That"s why, when injected, they do
not disturb the dynamics of the system under investigation.
EThey offer possibility of "in-situ" measurements, providing information in the shortest
^ssibletim e.
EA gamma emitting radiotracer can be measured through radiation transmission, from
the outside of a pipe or vessel. This is of special importance for many industrial plant
studies.

®.Disappearance of the radiotracer from the medium under investigation through
radioactive decay provides for a repetition of experiments on the same location with the
same tracer, all while pollution declines to a minimum.
0 Radioactive tracer can be selective. Several tracers may be employed simultaneously
and owing to their characteristic radiation emissions, they can be measured accurately
with the help of spectrometry.
0 The emission of radiation is a specific property of the radionuclide, not affected by
interference from other materials in the system.
0 High benefit to cost ratio.
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CHAPTER

™ﻩ

LITERATURE REVIEW

2.1 Literature Review
The most important advantage of radiotracer technologies can be characterized to its
on-line applicability which means that it gives no perturbation to a system and the result
represents the real situation. Through the RAF 8040 project for development of
radiotracer technology the demonstrative experiments have been successfully carried
out in a wide range of industries from petrochemical industries to marine coastal
environment.
Many columns in oil refinery companies w ere scanned by using th e automatic column
scanner to find the cause and the position of malfunction, and the pipes of a boiler were
inspected by the self-cramping pipe scanner to measure the amount of deposit inside

(4).

Korean tracer group has conducted a number of tracer experiments to measure flow
rates, RTD characteristics and others to get the information of industrial systems from
troubleshooting and optimization. A radiotracer technique was applied to monitor the
rotational movement of two piston rings in a cylinder during engine operation. The
influence of the position of ring gap to the change of oil consumption w as addressed by
this application.
Egyptian tracer group conducted three

experiments

and modeling for

industrial

radiotracer applications using Molybdenum-99 radiotracer to measure the residence
time distribution (RTD), the mixing time and the flow rate in a water flow rig ,The results
of the RTD measurements experiment are processed and six mathematical models are
investigated on the data using IAEA software, □ptimization of each model parameters to
calculate the value of RTD took place as well as the determination of the model which
gives the best results. The selected model with the best result is used to calculate the
RTD in the study.
The mixing time is inversely proportional to the rotation speed and the experimental
data showed high reliability of the radiotracer used. (5)
Thereska has studied some simulations by injecting of a y-emitting tracer in backwardfacing step flow was modeled. Flow and concentration fields were calculated by CFD and
detector responses by a Monte-Carlo code. The objective was to show the influence of
the radiotracer energy on the detector response, so as to interpret better data from
radiotracer experiments. The radiotracer selection is important in obtaining reliable
results, each specific case requiring careful analysis of the experimental data. (6)
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2.2 Selection ofRadiotracer
Factors that are important in selection of  وradiotracer are §iven as follows:
IS Physical/chemical compatibility with the material to be traced
0 Process parameters (temperature, pressure, volume, expected mean residence time)
fflHalf-lifp of tracer
0 Specific activity of tracer
0Type and energy of radiation emitted
0 Availability and cost
0 Method of measurement (sampling or in-situ measurement)
0 Handling of radioactive materials, radiological protection/regulations.
While analyzing industrial problems, knowledge of the following parameters about
system is essential:
0 Expected or designed flow type (plug type, mixed type)
0 Expected degree of mixing (12).
5؛m
Tc04- (half-life 6 hours) can be used as radiotracer for flow rate and RTD investigating
in the flow-rig reactor. It is good tracer of water, And also used in many case studies for
investigation of different chemical reactors.
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Table 2.1 ^a]or Radioisotopes used as tracers !٨ Industry
Isotope
Tritium (H-3)

Half-life
12.6 y

Sodium-24

15h

Bromine-82

36 h

Lanthanum-140

40 h

Gold-198

2.7 d

Mercury-197

2.7 d

Iodine-131

5iCr
Technetium99m

8.04 d

28 d
6h

Radiation and
Energy (MeV)
Beta,
0.018(100%)
Gamma:
١.37(100%)
2.75(100%)
Gamma:
0.55 (70%))
1.32 (27%)

Gamma•

1.16(95%))
0.92(10%))
0.82(27%)
2 .5 4 (4 % )
Gamma: 0.41
(99%)
Gamma:
0.077(19%))
Gamma:
0.36(80% )
0.64 (9%)
0.320 (9.8%)
Gamma: 0.14
(90%)

Chemical Form

Tracing o f

Tritiated water

Aqueous

Sodium
carbonate

Aqueous

Am m onium
bromide,
p-dibrombenzene,
Dibrobiphenyl
CH3B r
Lanthanum
Chloride,
Lanthanum
oxide

Aqueous
©rganic
Organic
Gases

Chloroauric
acid
M ercury metal

Solids /aqueous
phase
Mercury

?otassium or
Sodium iodide,
Iodobenzene
Cr-EDTA,
CrCl3
Sodium
pertechnetate

Solids

Aqueous
Organic
Aqueous
Aqueous

(T c04-)

Scandium-46

Xe-133

84 d

Gamma:
0.89 ) ل00 م/ (م
1.84 ) 100%((

5.27 d

Gamma: 0.08

Scandium oxide
Scandium
chloride, ScC b
(Sc3+)
Xenon

Gases

Krypton

Gases

Krypton

Gases

Argon

Gases

Solids

(100%o)

Krypton-85

10.6 y

Krypton-79

35 h

Argon-41

llOmin

Gamma:
0.51(0.7%))
Gamma: 0.51
(15%)
Gamma:
1.29(99%))
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2.3 Radiotracers for Residence Time Distribution (RTD)
Residence time distribution (RTD) analysis by radiotracer derives important information
from process units, such as flow pattern, back mixing, by-passing. A sharp pulse of a
cita b le radioactive tracer is injected into the inlet of a process unit or vessel. The
response curve from the outlet detector is known as the residence time distribution
(RTD) function Fig (1.5). This RTD function provides rich information about the process
stream dynamics.
The residence time distribution (RTD) method has been continuously developed and
used. The treatment of RTD curves for extracting important param eters of industrial
processes has achieved a good standard. Efficient RTD software"s w ere validated for
modeling of various chemical engineering reactors. However, the RTD method remains a
global approach. RTD systemic analysis requires the choice of a model, which is often
semi-empirical and rather idealized (combination of perfect mixers, dead volumes,

ءﻣﺢ.ل)ا3ا

Tirne

detector

؛5
tor

A

Olitiet

^Xsignal

F  §؛Principle of RTD ^ a c 2.1 ؛n§ Method

15

CHAPTER THREE
MATERIALS AND METHODS

3.1 Materials
The following equipment & materials were used to carry out the radiotracer experiments

٠ Closed circuit water flow ri§
ل. هmCi  " (ﻩmTc Radiotracer as NaTc04
٠ ^al (Tl) scintillation Detectors
٠ Detectors lead collimators
٠ Injection system
Connecting cables

٠ Data acquisition system
٠ Computer (laptop)
٠ RTD software
٠ Personal m o it o r in § device
٠ Survey meter
٠ Contamination monitor
٠ Polythene or plastic gloves
Polythene ba§s
Lead container
Polythene sheets

٠ Absorbent sheets
٠ Tissue paper

٠

Wash hnttlp
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3.1.1 Instrumentation
3.1.1.1 Data A c ^ isitio n System (4612 IAEA Counter)
The Ludlum Model 4612 IAEA Counter is a twelve detector SCA (single channel analyzer)
with PC control of all necessary operating param eters Fig (2.1). Up to twelve detectors
may be connected to the Counter each with independent high voltage, threshold or
sensitivity, and window settings

(14).

■ﺑ ﺦ' ﺷ ﻘ ﺔ ب'ﺀا; ﺋ ﻤﺎ ظ
م

Fig 3.1 Ludlum Model 4612 IAEA 12 channel Counter
The Counter is configured with a host board and up to 12 slave boards. The host board
collects the counts from each slave board and communicates with the computer. The
host board has an RS-232 connector for communicating with a computer or other device
capable of serial communication, a power connector, and a reset button. The reset
button performs the same function as cycling the power. The slave boards are
responsible for powering the detector and sending the count data to the host board.
The Counter host board recalls all parameters from its built-in flash memory and
configures the slave boards during the power up sequence. The parameters include High
Voltage, Upper Level Discriminator (ULD), Lower Level Discriminator (LLD), GM Mode
and Window Mode. Because the host board sends the parameters over to the slaves
during power-up, a slave board may be replaced while still keeping the same operating
parameters as the previous slave board.
When using GM detectors the GM Mode should be activated to prevent double pulsing
and longer dead times. The W indow Mode determ ines if the ULD is enabled. The ULD
may be disabled by disabling the W indow Mode.
Typically a computer is used to collect and display the data, send parameters, and to
start and stop counts. The Model 4612 IAEA Counter software (supplied) monitors the
activity of the Counter. The software allows the user to control and log data from
individual channels or groups of channels. The software also allows the user to modify
the parameters of each slave board.
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The data acquisition (4612 IAEA Counter) software consists of three main different
f i] n r t in n ؟:

0 Controlling the operational functioning of radiation detectors.
0 Data processing during the tracing experiment. For each probe it should be possible to
set several (for example 5) measuring intervals. Each measuring interval is defined by its
duration, and by the counting time ranging between 1 ms and 1 hour (h). It should be
emphasized that the m easurem ents have to be simultaneous for all active channels. The
software has to ensure acquisition, basic treatm ent and visualization of the data. Dead
time between two m easurem ents should be less than 1 ps. The visualization of data
should be as close as possible to "real time" refreshment of the graphical window.

 وAllowing the

user to read and display acquired data.

The software receives a data stream every 50 milliseconds  ؛٢٠١١١ the 4612 IAEA Counter
that contains the total counts for each of the 12 channels for the previous 50
millisecond period. These counts are displayed in the "Counts 50 m5ec" column on the
main screen. W hen a channel is counting, the accumulated count for each channel is
stored in the "Accumulated Count" column on the main screen. The "Last Count" stores
the last completed count. W hen the user starts counting on a particular channel (or a
group of channels simultaneously), the software starts accumulating 50 millisecond
counts until the count time has completed.
After a count is complete, the data is saved to a ، ٥٨١٨١^ separated value (.CSV) file
suitable for loading into a spreadsheet or database program for further processing. This
serial number, group number, channel, count time, count, HV, LLD, ULD, efficiency, and
date are saved to the file. The filename is in the format of YYYYMMDD.CSV whprp
"٧٧٧٧" is the current year, "MM" is the current month, and " ٥٥" is the current day. A
new file is created w hen the date changes.
In addition to the counting functions, the 4612 IAEA Counter software also stores alarm
points for each of the 12 channels. If a timed count is running and the accumulated
count value exceeds the alarm set point, the "Accumulated Count" background will turn
red, indicating an alarm condition. The software also has an optional audible alarm
(which can be changed to any .wav file) to indicate an alarm condition.
The software features an easy to use "Wizard" to calibrate each ch a n n e l's various
calibration constants. These constants are: HV Actual Cal, HV Read Back Cal, LLD Actual
Cal, and ULD Actual Cal.
Finally, the 4612 IAEA Counter software has a function known as HV Plateau. This
function is used to determine the correct operating voltage (or HV) for an individual or
group of detectors. The HV Plateau function will take background counts at different HV
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intecvais (set by the user) for a single detector or multiple detectors. After the
background counts have completed, the software will take source counts on each
detector. W hen the source counting is completed on each detector, the net count in
counts per minute (CPM) and the detector efficiency will then be calculated and
displayed. W hen the plateau is complete, the user has the option to save or print the
plateau results.

Specifications:
Suggested Deteetors: GM, proportional, scintillation
Connector: Series "BNC"
High ¥ o ltag e: Adjustable from 2000 -  هvolts
Threshold: Adjustable from 5 mV - 330 mV
W indow: Adjustable from 5 mV - 330 mV (can be enabled or disabled)
A m plifier G a in : Adjustable from X5 - X25
?o w e r: 7.5 - 1 5 Vdc at 250 mA maximum
Tem p erature R a n g e : 50 F to 1220 F (-150

c to

500

c).

May be certified to operate from -400 F to 1500 F (-400
Size: 4.3" H X 11.5"

w X 4.2"

□ (10.9

X

29.2

X

c to

650

c)

10.7 cm)

Weight: 2.7 lbs (1.2 kg)

3.1.1.2 Radiation Detectors
The Model 44-10 is a 2" X 2" Nal(Tl) Fig (2.2) Gam m a 5cintillator that can be used with
several different instruments including survey meters, scalers, ratemeters, , alarm
ratemeters and data acquisition system (15).

Fig 3.2 Nai (Tl) Gamma Scintillator Detector

Sp^ifications:
Indicated Use: High energy gamma detection
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Scintillator: 2 " (ذ. لcm) diameter X 2" (5.1 cm) thick sodium iodide (Nal)Tl scintillator
Sensitivity: Typically 900 cpm/microR/hr (Cs-137)
Energy Response: Energy dependent
Compatible Instrum ents: General purpose survey meters, ratemeters, and scalers
Tube: 2"(5.1cm) diameter magnetically shielded photomultiplier
Operating Voltage: Typically 500 - 1200 volts
□ynode string Resistance: 60 megohm
Connector: Series

"c" (others available )

Construction: Aluminum housing with beige polyurethane enamel paint
Temperature Range: -4° F(-20°

c) to

122° F(50°

c) May

be certified to operate from -40°

F(-40° C) to 150° F(65° c)
Size: 2.6" (6.6 cm) diameter X 11" (2?.9 cm)

ا

Weight; 7-3 lh (1 .1kg)

3.2 Description ofthe study plant
The Radiotracer lab was established in Nov 2010 in Suba by IAEA Expert mission in
S C A N to assist the installation of flow-rig fig (2.2.1), and to train SAEC staff on the
operation and application of the flow rig , such as the m easurem ent of RTD, flow rate,
dead volume, etc. And demonstrate the data treatment and analysis.

3.2.1Cl©sed circuit water flow rig
Flow rig is a laboratory set up for radiotracer tests in various conditions of fiow rate and
flow models (3\). Flow rig consists of a tank of 175

ا

with four stirrers, a pump flowing

the water inside the rig, tw o flow meters for measuring fiow rates in two different
braches, several tw o and three w ay valves for regulating the fiow direction and regime,
two injection points, pipes and ion exchange resin column for trapping the radiotracer
after a test. Flow rate of w ater in the system may vary in the range of 5-15 L/min.

?٨

Fig 3.3 flow simulation system

Fig 3.4 Radiotracer Injection Systems
There are many types for the radiotracer injection system F ig 3.4 which is :
•

Pneumatic injection for remote control

•

Minimize of the exposure to radiation

•

£asy to handle and install for the injection

3.3 Methodology
3.3.1 Residence Time Distribution (RTD) Measurement
The Basic radiotracer methodolo§y includes the accurate m easurem ent of the residence
time distribution (RTD) and its utilization for trouhleshooting and diagnosis. The
methodology consists of accurate formulation of the RTD experimental curve and its
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utilization for system

analysis.

It is a well

established

method

with

universal

applications, standard software and hardware. It is also safe, cost effective and
competitive.
The principle of the RTD consists in a common imp^se-response method: injection of a
tracer at the inlet of a system and recording the concentration-time curve

c(t)

the

outlet Fig (2.4). A sharp pulse of radioactive tracer is injected upstream o fth e vessel and
a detector located at the inlet marks time-zero. A second detector, located at the outlet,
records the passage of the tracer from the vessel. The response of this detector is the
residence time distrihution (2).

Injection
point

Detector

Flow

Detector

Process
٠٠٠ vessel

BOtpuJse

Response

Time

Tim e

Fig 3.5 Principle of RTD Method

The RTD function £ (t), is represented by the equation

Eft)

C (t)/fCtdt ( ١)

Where

c (t) is the tracer concentration e r s u s time at the outlet of the system,
E (t) ؛s the experimental RTD.
E (t) is calculated from the count rate distribution ^t the outlet of the system, cps or
cpm.
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Theoretically, the mean residence time tth  آ هa system with total volum e V and a
continuous constant flow rate

ه

through it is given by:

tth=V/Q (2)
Residence-time-distribution

(RTD}

based

on a stimulus-response

release

provides

important param eter information such as the effective mean residence time t e , which is
often quite different to design hydraulic residence time tth . The theoretical, or design
residence time is always larger than the real experimental residence time, due to ideal
flow patterns assum ed in the design of th e plant but the deviations from ideal flow can
be attributed to various malfunctions present, such as:
0 Presence of dead or semi-dead; stagnant regions,
mChanneling, short-circuiting and/or by-passing.
The various malfunctions m e n t io n e d are strongly dependent on operating conditions,
and RTD is used in the description of the non-ideal flow hphavior-

3.4 Experimental setup and measurements
3.4.1 Radiotracer seiection and preparation
The factors affecting the plan to achieve the objectives of the research are:
1)

Installation of the flow rig system

2)

radionuclide g p n p r a t n r

The installation of the flow rig system already provided through IAEA mission in $ ٧٥٨^.
The Tc-99m can be used as radiotracer for flow rate and RTD investigating in the flow
rig, it is good tracer for water. Its also used in many case studies for investigation of
different chemical reactors.
The radiotracer was obtained Tc-99m, 1.0

٨١٥  اt

6

ل/ قhours,

low energy level), in the

form of Sodium Pertechnate NaTc©4.
The flow rate in the close circuit w ater flow rig will be m easured by m eans of radioactive
technicum-99m and tw o Nal (Th) scintillation detectors. The flow rate will be adjusted
between 12 and 17 liters per minute.
A set of radiotracer residence time distribution experiments would be conducted using
Tc99m lm c i as NaTc©4 solution under the different simulated flow patterns using two
detectors, one placed at the e n t ^ of the tank and the other is located at the out let of
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the tank figure. The time intervals for measuring the count rates would be setted on the
digital rate meter.
The dead volum e normally is considered as blocked zone where tracer does not
penetrate because of scaling, sofidifi'ed material or other barrier. To estimate the
amount of the dead volum e present in the system firstly the active (or real) mean
residence time has to be c^culated.

l a = V a/Q
where the active volum e,

Va,

is

V a-V -

Vd
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, where

Vd

is the dead space or volume

CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Flow rate measurement
Flow rate is a significant param eter for managing processes in chemical processing
plants and w a te r processing facility. Accurate m easurem ent of the flow rate allows
engineers to monitor the d e l i v e r of process material, which in turn impacts a plant's
capacity to produce their products, ©ne of the available methods for determining the
flow rate of a process material is by introducing a radiotracer to the system that mimics
the material's flow pattern.
In this study, a low activity Technetium-99m radioisotope w as injected into

و

w ater

piping setup and the 2"x2" Nal (Th) detectors w ere calibrated to detect spectrum peaks
at specific points F i g 4.1 of the pipe installation.
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Fig 4.1 Experimental Setup
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The radiotracer w as injected at the injection point inside the flow-rig through the tube.
In order to record the tracer concentration-time curve, tw o gamma detectors (D1 &D2)
well collimated was placed at the main line of the flow fig 4.1 separated by a distance of
49cm.
The experim ent m easured under these conditions:

Experimental condition:
St

Flow m eter reading : 13 liter/m in (l ؛؟Exp.), 17 l؛ter/min (2nd Exp .(
Source : Tc~ 99m ,1 .ا س ء
D e t e c t o r : Ludlum 2-2 inch Nal detector 2 set
M easurem ent system : Ludlum 4612
St

Counting tim e: 0.1 s e c ( l st Exp.), 0.05 sec (2nd Exp.)

Tank in Series Model
Files Show Unit
Experiment:

Input File: |d1 rtd|
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Fig 4.2 Experimental flow rate curve

26

Fig 4.2 sho w s the experimental data of the online radiotracer test using Tc-99m. Data
are corrected for background and radioactive decay. The curve observed Radiotracer
responses of detectors D1 and □2. The soft w are show ed the M ean Residence Time
M R T fo r detectors D1 and □2 is 8.2 and 9.2 respectively
By calculation the area cross-section for the flow pipe :

71r 2 = ^ - 1 .3 2 = 5 .3 lcm 2
w here ٢: radius of pipe
The volum e of the flow in the pipe is:
^•2 •،/ = 5 .3 1 x 4 9 = 260.20 cm3
w here d : distance between two detectors

At = ls e c = M RTd2 - MRTd8.2- 9 .2 =

ر

sec

which is the difference between mean residence time for D2 and D1
The flow rate

Q=v/T

Q = 260.2 cm3 /sec = 15.61//min
Whi^h is the volum e divided by dt
From flow m eter reading

3ﺔ

 ﺳ- = أ//m in

Under th e sam e conditions, the experiments w a s repeated at different tim e interval by
reduce the tim e data interval to 0.05 sec and fix the flow meter reading at 17 l!trp/min
From fig 4.3 the record of the MRT for D1 and □2 is 3.4 and 4.3 respectively.
The differences among experimental curves show s the non uniform distribution at the
beginning of counting and

gradually changed , which indicator for the degree of mixing

of the fl^'d inside th e flow-rig. The calculation repeated by the sam e w ay to get the flow
rate.
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Fig 4.3 Experimental flow rate curve

w

=^■•1.3 = 5.31 cm

nr • d = 5.31X 49 = 260.20cm
A t = 0.9sec = M R T dl ~ M R T dX = 4 . 3 - 3 . 4
The flow rate:

= 260.2 cm 3 /0 .9 s e c = 1 7 .3 //m in

۶٢٠™

flow I^eter reading

meter

= 1 7 .0 //m in
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The final Experimental result !(flow measurement)
Flow m eter reading : 13liter/m in(l (؛؟
Measured flow : 15.61 liter/min
Experimental result 2(flow m easurement)
Flow meter reading : 17 liter/min(2

nd

Measured flow : 17.3 liter/min

4.2 Residence Time Distribution
In this experiment, a low activity Tech n et؛um-99m radioisotope w as injected into a
w ater piping setup and the 2"x2" Nal (Th) detectors w ere calibrated to detect spectrum
peaks at specific points Fig 4.4 of the tank inlet and outlet.
The detectors responses are recorded and analyzed using suitable software. From the
detectors

responses

and

analysis,

residence

times.

Effective

volum e

and

distribution characteristics of the unit are measured.
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Fig 4.4 RT□ Experimental Setup
The tracer w as injected instantaneously into the injection point. The m ovem ent of
tracer was monitored at the tank inlet □ 1 and □2 at the outletas shown in fig 4.4.
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flow

Using collimated Nal

رام

detectors, tracer at the inlet and outlet w ere recorded until

radiation levels reduced to the natural background.
The recorded data was transferred to the com puter for subsequent RTD analysis. Fig 4.5
shows typical experimental RTD curve obtained in normal conditions.

Experimental condition:
Flow rate : 16 liter/min

T a n k Volume : 98.5 liter
Designed mean residence time: 6.15 min
Source : Tc-99m, 0.3mCi (:0.1mRh_10.5m '2),r (77.4m R -h-lm -2C i-l)
D e t e c t o r : Ludlum 2-2 inch Nal detector 2 set
M easurem ent system : Ludlum 4612
Tank mixer operated.
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Experimental resu[t
Measured mean residence tim e of the liquid from inlet to out let calcu
directly by the software : 5.87 min (343 sec to min)
We got from the experim ent reading
Effective volume for the tank is the calculated M RT divided by the desi
5.87 min / 6.15 min = 0.95
95 % of the tank voium e was active, w h ic h call tank efficiency
The dead volume for the operating tank is:
Dead volume 100-0.95 : 0.05
There is 5 % of the tank volume is not active.

٠

This Results for the designed flow-rig Tank model: Tank 4.9
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4.3 Conclusion
Flow rig w as investigated using radiotracer methodology to obtain information about
flow rate, RTD and tank dead volum e the following conclusions are made:
W ater flow rate w as determ ined to be 15.61 liters per minute at different time
interval and flow meter, the flow rate was 17.3 liters per minute.
By reducing the time interval for th e Data Acquisition System, w e get a good
response for the connected detectors and final results.

٠

W hen the mixer is operated the dead volume is reduced and the efficiency of the
process is improved

٠

There is inverse relation betw een the degree of mixing and the flow rate.

•

The curve characteristics for the experiments give a good study and indication
for th e degree of mixing and RTD.

•

Any difference among the curves indicates non uniform distribution of the fluid a
cross the diameter of the rpartnr-

•

The flow rig realized a perfect mixing of the tank

in nearly 0.95 of its physical

volume. The mean residence time of nearly 6 minutes indicates that nearly 0.05
of the flow rig volume is not active and probably is negligible value (according to
process specification). This conclusion is valid for the reactor working conditions
of the date of the experiment. Continuous working of the industrial unit might
have an influence in the reduction of the active (productive) volume of the
reactor.
Reactors behavior at high tem perature and pressure is different from normal
conditions.
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4.4 Recommendations
•

By using flow rig as an industrial simulation system the radiotracer method can
be successfully used to analyze the operation, identify troubles and improve the
econom ic perform ance of the industrial reactors.
The concept of residence tim e distribution is a powerful tool to investigate
various industrial processes. Complex industrial systems can be modeled and
optimum operating param eters can be obtained using software packages.
For complicated industrial plant, the inlet and outlet positions of tanks of the
plant under investigation should be modified to the right positions to avoid
short-circuiting and bad mixing of these tanks.

٠

All

detectors

should

be

calibrated

for

equal

efficiencies

prior

to

the

m easurem ents.
•

Further research is needed to develop the flow rig design model to diagnose and
investigate th e efficiency with an irregular flow mode.
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