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(He sends down water from the skies, and the channels flow, each according to its measure:
But the torrent bears away to foam that mounts up to the surface. Even so, from that (ore)
which they heat in the fire, to make ornaments or utensils therewith, there is a scum
likewise. Thus doth Allah (by parables) show forth Truth and Vanity. For the scum
disappears like froth cast out; while that which is for the good of mankind remains on the
earth. Thus doth Allah set forth parables).

Holly Quraan — Surat Ar-Ra'd — Ayah(17)
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ABSTRACT

The aim of this work is to study the behavior of attenuation coefficient for gamma
rays under thermal non-equilibrium statistical conditions. To do this, 18 samples
from Al, Fe, and Cu were prepared. Six samples from each material were prepared
in the form of pellets. First, samples from Al, Fe, and Cu left without being
exposed to heat, and after that the samples are heated to (24, 40, 50, 60, and 70)°C,
then exposed to gamma radiation. The thickness of each mineral were changed to
be (5, 10, 15, 20, 25, and 30) mm for Al, (4, 8, 12, 16, 20, and 24) mm for Fe, and
(3,6,9,12, 15, and 18) mm for Cu, and they also exposed to gamma rays. The
transmitted beam intensity was measured using GM counter. To see the effect of
heating in evaporating gases and light elements FTIR spectrometer was used.

Copper and Iron samples analyzed by X-Ray Fluorescence (XRF) and we found
that the sample of iron contains (99% of Fe and 1% Ti), and the sample of Copper
contains (61% Cu, 31% Zn, 5%Pb, and 3% Fe)

The results obtained shows that the transmitted intensity in general decreases upon
increasing both temperature and thickness. These two effects are related to thermal
collision and thermal expansion which changes thickness. The temperature
increase and heat flow are related to non-thermal equilibrium and entropy increase.
The non-thermal equilibrium is described by non-equilibrium statistical laws.
The empirical relations of these effects can be easily described using non-
equilibrium statistical laws derived from plasma and quantum laws for resistive
media. These laws describe non-thermal equilibrium statistical states and are
related to entropy and thermal internal heat energy. The attenuation coefficient
increases first with temperature then shows gentle decrease. The initial increase
may result from the fact that initial heating evaporate light elements, which causes
the density to increase. This evaporation results from thermal agitation and the heat
energy thermal mass transfer. Further heating cause samples to expand, thus
increasing its volume which decreases the density. The expansion results from
increase of thermal vibration rate which increases amplitude. Thus the attenuation
coefficient decreases. The increase of thickness decreases attenuation coefficient
which may be related to the re emission process, in which atomic nuclei emit rays.
Thus the decrease of attenuation coefficient can be described by non-equilibrium
statistical laws.
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Chapter One

Introduction

1.1 Introduction:

Thermodynamics is one of the most important sciences in our life, it also has
applications and uses in wide fields [1,2]. Thermodynamics was discovered in the
eighteenth century, but its applications are still renewed up-to-date [3]. This
science is found to explain how heat converts to power [4].

Thermodynamics began with concept equilibrium and later the concept of non-
equilibrium came up [2]. The equilibrium thermodynamics of the system
comprises the thermal equilibrium and other forms of types of equilibrium rely on
the type of thermodynamic system being studied, and it can be described by the
zeroth law [5, 6]. Systems that are permanently stable are rare, thus almost all
systems found in nature are not in thermodynamic equilibrium [7]. Non-
equilibrium thermodynamics is a study of systems that are not in equilibrium
thermodynamics. The field non-equilibrium thermodynamics give us a general idea
for the macroscopic description of the irreversible process [8].

Non-equilibrium thermodynamics describes transport processes in systems that are
not in global equilibrium [9]. Actually, almost all natural phenomena are in a non-
equilibrium state [10].

In the recent century, the uses of gamma-rays have been increasing in different
fields of science. Therefore, we need more information about electromagnetic rays

and their interactions with matter to shield these radiations.

Many types of researches were made to understand the nature of heat energy, but
few deals with its effect on the spectrum of absorption of radiation (e.g. gamma).
In this work, Aluminum, Iron, and Copper samples were used to see how they
absorb gamma rays when we raise the temperature. In the case of non-equilibrium
thermodynamic, gamma rays interact with the matter with three processes:
photoelectric effect, pair production, and Compton scattering [11]. When gamma
rays pass through matter, their intensity will decrease, this decrease depends on the
type of material and its thickness [12]. Using certain materials for reducing the
intensity of gamma radiation is known as shielding [13].
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In this study, Aluminum, Iron, and Copper were used to determine how to absorb
gamma rays. When we raise its temperature, in the case of non-equilibrium
thermodynamics. Gamma rays interact with the matter with three processes:
photoelectric effect, pair production, and Compton scattering [11]. When gamma
rays pass through matter, their intensity will decrease, this decrease depends on the
type of material and its thickness [12].

Scientists are always looking for materials that can be used as shields from
radiation. Copper and Iron are one of the oldest minerals discovered by humans
[14].

1.2 Research problem:

Despite the remarkable success of thermodynamics in explaining the behavior of
many physical systems, unfortunately it suffers from some setbacks for instance
non equilibrium in irradiated materials cannot be explained by thermodynamics.

1.3. Research Objective:

This work is directed to verify some new statistical and thermodynamic models,
specially the verification of irradiated materials (Al, Fe, and Cu).

1.4 Material and Methods:

1. Bring 3 different materials (al, Fe, and Cu) in shavings forms.

2. Then make six samples of each material by mixing the shavings with the Gum-
Arabic and putting it in a piston to get a disc shape.

3 Let samples dry in the shade, and then scratch each sample to reach the required
thickness (5, 10, 15, 20, 25, and 30mm for aluminum, 3, 6, 9,12, 15, and 18mm for
iron 4, 8, 12, 16, 20 and 24mm for copper, and).

4. Put each disk in front of the gamma-ray source (at room temperature) and then
put a GM tube in the other direction to measure the intensity of the radiation
penetrating the disk.



5. Every time put on an extra disc with the first disk to increase the thickness and
measure the radiation intensity that penetrates the samples (take six samples of
each material).

6. Repeat this process, with heating the samples to (40, 50, 60, and 70)°C. During
this experiment take care of radiation protection by using lead shielings, to get an
experiment perfect as possible.

1.5 Thesis layout:

This work has come into five chapters. Chapter one is introduction, chapter two
introduced for theoretical background, then in chapter three literature reviews,
chapter four explains the experimental method, and chapter five the experimental
results are discussion and conclusion remarks.



Chapter two

Theoretical Background
2.1 Introduction:

In physical science, heat is important to all aspects of life. Heat is a result of
energy, which can be beneficial as well as dangerous. Understanding the properties
and uses of heat can help increase efficiency of heat or energy use as well as
increase understanding of things like weather changes and survival. Life on this
earth depends on heat energy for survival. Therefore, this chapter is concerned
with the concept of heat energy.

2.2 Concept of Heat and Temperature:

We all have an intuitive notion of what heat is: sitting next to a roaring fire in
winter, we feel its heat warming us up, increasing our temperature; lying outside in
the sunshine on a warm day, we feel the Sun’s heat warming us up. In contrast,
holding a snowball, we feel heat leaving our hand and transferring to the snowball,
making our hand feel cold. Heat seems to be some sort of energy transferred from
hot things to cold things when they come into contact. We therefore make the
following definition: “heat is thermal energy in transit” [15].

We now stress a couple of important points about this definition.

(1) Experiments suggest that heat spontaneously transfers from a hotter body to a
colder body when they are in contact, and not in the reverse direction. However,
there are circumstances when it is possible for heat to go in the reverse direction. A
good example of this is a kitchen freezer: you place food, initially at room
temperature, into the freezer and shut the door; the freezer then sucks heat out

of the food and cools the food down to below freezing point. Heat is being
transferred from your warmer food to the colder freezer, apparently in the “wrong”
direction. Of course, to achieve this, you have to be paying your electricity bill and
therefore be putting energy in to your freezer. If there is a power cut, heat will
slowly leak back into the freezer from the warmer kitchen and thaw out all your
frozen food. This shows that it is possible to reverse the direction of heat flow, but
only if you intervene by putting additional energy in. We will return to this point in
Section 13.5 when we consider refrigerators, but for now let us note that we are
defining heat as thermal energy in transit and not hard-wiring into the definition
anything about which direction it goes.
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(2) The “in transit” part of our definition is very important. Though you can add
heat to an object, you cannot say that “an object contains a certain quantity of
heat.” This is very different from the case of the fuel in your car: you can add fuel
to your car, and you are quite entitled to say that your car “contains certain
quantity of fuel”. You even have a gauge for measuring it! But heat is quite
different. Objects do not and cannot have gauges which read out how much heat
they contain, because heat only makes sense when it is “in transit”.1 To see this,
consider your cold hands on a chilly winter day. You can increase the temperature
of your hands in two different ways: (i) by adding heat, for example by putting
your hands close to something hot, like a roaring fire; (ii) by rubbing your hands
together. In one case you have added heat from the outside, in the other case you
have not added any heat but have done some work. In both cases, you end up with
the same final situation: hands that have increased in temperature. There is no
physical difference between hands that have been warmed by heat and hands that
have been warmed by work.

Heat is measured in (SI) units in Joules (J).

Now we need to define temperature “Temperature is a physical water quality
parameter since temperature can have a negative effect on aquatic life, especially
the propagation of fish.

The concept of temperature has evolved from the common concepts of hot and
cold. Human perception of what feels hot or cold is a relative one. For example, if
you place one hand in hot water and the other in cold water, and then place both
hands in tepid water, the tepid water will feel cool to the hand that was in hot
water, and warm to the one that was in cold water. The scientific definition of
temperature is less ambiguous than your sense of hot and cold [16]. Temperature is
operationally defined to be what we measure with a thermometer.

2.2.1 Specific Heat:

Specific heat ‘c’ is defined “is the amount of heat required to raise the temperature
of 1 kilogram of a substance by lkelvin”. SI unit of specific heat capacity Jkg'K™.
As 1K is commensurate with 1 °C, the specific heat capacity is often quoted using
the letter unit. The word ‘specific’ in a definition indicates that the quantity is
expressed in terms of units mass. The specific heat tell us how a certain amount of
heat supplied to the system change its temperature. Specific heat capacity is often
abbreviated to specific heat and must not be confused with term ‘heat capacity’
[17, 18].

We can calculate the specific heat from relation:



c= 2% 2.1
mAT
Where AQ: The amount of heat in Joules (J), m: mass in kilograms (kg), and AT :
temperature difference in Kelvin (K).

2.2.2 Heat Capacity:

Heat Capacity ‘C’ is defined as the amount of heat required to raise the
temperature of a material by a unit of temperature [19],or in other words “The
amount of heat needed to raise the temperature of an object by 1 degree kelvin
measured in joules per kelvin (J/K) [20]:

C = [i_g 2.2
X

Where x denotes any of the several constraints which can be imposed. The most
common constraints are pressure (p), and volume (V). Contrarily to specific heat,
heat capacity is an extensive quantity, which means that is depends on the size of
the system.

2.2.3 Thermodynamics:

Thermodynamic behavior of matter is very important for human life. This is since
human life requires proper temperature range. The grow of plants also need proper
temperature. To live inside your house need temperature in the range. This needs
preventing heat to enter in hot climates and prevent it also from scoping out side in
cold climates. This requires controlling the temperature of the house by selecting
the building materials.

Thermodynamics is the Science that deals with the relationship of heat and

mechanical energy and conversion of into the other. The Greek roots, therme,
meaning heat, and dynamic, meaning, power or strength, suggest a more elegant
definition the power of heat (1).

Thermodynamic concepts are important in the development of many branches of
sciences, such as fluids and solid mechanics, heat and mass transfer, material
science, chemistry, biology, and life sciences. Thermodynamics points to the
direction in which processes proceed and provides relationships for material and
energy balances.



2.2.4 Systems and surroundings:

A system is part of the physical world in which one is interested and is defined as
“any region of space or a finite quantity that occupies a volume and has a
boundary” [21] as shown in figure (2.1). Everything external to the system is called
surroundings [22]. We distinguish between several types of systems:

1) An isolated system is a system that is totally uninfluenced by the Surroundings.
There is no possibility of exchange of energy or matter with surroundings.

2) A closed system is a system in which energy but not matter can exchange with
the surroundings.

3) An open system is a system in which both energy and matter can exchange with
the surroundings.

Isolated or closed systems are often referred to as bodies. Theorems will first be
developed for isolated and closed systems and later generalized to open systems.

Boundary

Surroundings

Figure 2.1 system, boundary, and surrounding
2.2.5 Internal Energy:

At microscopic level, the sum of the kinetic and potential energies, which cannot
be seen, is referred to as the internal energy (U) in thermodynamics.
Thermodynamics simply states that: (i) internal energy is an extensive property,
and (i) internal energy is a state function. The internal energy of a system is
increased either by transferring heat to the system or by doing work on it [23].

2.2.6 The Zeroth law:
Zeroth Law states that if two bodies are in thermal equilibrium with a third, they
are in thermal equilibrium with each other.

2.2.7 The first law of thermodynamics:

First law “Heat is a form of energy, and energy is conserved” [24].
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A system has an internal energy U, which is the sum of the energy of all the
internal degrees of freedom that the system possesses. U is a function of state
because it as a well-defined value for each equilibrium state of the system. We can
change the internal energy of the system by heating it or by doing work on it. The
heat Q and work W are not functions of state since they concern the manner in
which energy is delivered to (or extracted from) the system. After the event of
delivering energy to the system, you have no way of telling which of Q or W was
added to (or subtracted from) the system by examining the system’s state. The
following nalogy may be helpful: your personal bank balance behaves something
like the internal energy U in that it acts like a function of state of your finances;
cheques and cash are like heat and work in that they both result in a change in your
bank balance, but after they have been paid in, you can’t tell by simply looking at
the value of your bank balance by which method the money was paid in.

The change in internal energy U of a system can be written

AU = AQ + AW (2.3)

Where AQ is the heat supplied to the system and AW is the work done on the
system.

Note the convention: AQ is positive for heat supplied to the system; if AQ is
negative, heat is extracted from the system; AW is positive for work done on the
system; if AW is negative, the system does work on its surroundings.

We define a thermally isolated system as a system that cannot exchange heat with
its surroundings. In this case we find that AU = AW, because no heat can pass in or
out of a thermally isolated system.

From microscopic point of view, the principle of conservation of energy was
advanced by Helmholtz, assuming the atomic constitution of matter; Helmholtz
extended the theorem of conservation of mechanical energy to the microscopic
motion of atoms. That is, he assumed that the sum of the kinetic and potential
energy of atoms is constant and therefore the internal energy of a body [6].

2.3 Second law of thermodynamics:

There are necessary to another law in thermodynamics, because while the 1st law
allowed us to determine neither the quantity of energy transfer in a process it does
not provide any information about the direction of energy transfer nor the quality
of the energy transferred in the process. In addition, we cannot determine from the
1st law alone whether the process is possible or not. The second law will provide
answers to these unanswered questions. A process will not occur unless it satisfies
both the first and the second laws of thermodynamics.



There are two classical statements of the second law, known as Kelvin-Planck
statement, and the Clausius statement.

The Kelvin-Planck statement: “It is impossible to construct a device that will
operate in cycle and produce no effect other than the raising of a weight and the
exchange of heat with single reservoir”.

In effect, it states that it is impossible to construct a heat engine that operates in a
cycle, receives a given amount of heat from a high temperature body, and does an
equal amount of work. The only alternative is some heat must be transferred from
the working fluid at a lower temperature to low temperature body. Thus, work can
be done by the transfer of heat only if there are temperature levels, and heat is
transferred from the high temperature body to the heat engine and also from the
heat engine to the low temperature body. This implies that it is impossible to build
a heat engine that has a thermal efficiency of 100%.

The Clausius statement “It is impossible to construct a device that operates in a
cycle and produces no effect other than transfer of heat from a cooler body to a
warmer body”.

This statement related to the refrigerator or heat pump. In effect, it is states that it
Is impossible to construct a refrigerator that operates without an input of work.
This also implies that the COP is always less than infinity [25].

There are many other important uses for the second law of thermodynamics,
including means for: (i) predicting the direction of processes, (ii) establishing
conditions for equilibrium, (iii) determine the best theoretical performance of
cycles, engines, and other devices, (iv) evaluating quantitatively the factors that
preclude the attainment of the best theoretical performance level, and (v) defining a
temperature scale independent of the properties of any thermodynamic substance
[26].

2.4 Entropy:

The measure of a system’s thermal energy per unit temperature that is unavailable
for doing useful work. Because work is obtained from ordered molecular motion,
the amount of entropy is also a measure of the molecular disorder, or randomness,
of a system. The concept of entropy provides deep insight into the direction of
spontaneous change for many everyday phenomena. Its introduction by the
German physicist Rudolf Clausius in 1850 is a highlight of 19th-century physics
The idea of entropy provides a mathematical way to encode the intuitive notion of

which processes are impossible, even though they would not violate the
fundamental law of conservation of energy. For example, a block of ice placed on
a hot stove surely melts, while the stove grows cooler. Such a process is called
irreversible because no slight change will cause the melted water to turn back into
ice while the stove grows hotter. In contrast, a block of ice placed in an ice-water
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bath will either thaw a little more or freeze a little more, depending on whether a
small amount of heat is added to or subtracted from the system. Such a process is
reversible because only an infinitesimal amount of heat is needed to change its
direction from progressive freezing to progressive thawing. Similarly, compressed
gas confined in a cylinder could either expand freely into the atmosphere if a valve
were opened (an irreversible process), or it could do useful work by pushing a
moveable piston against the force needed to confine the gas. The latter process is
reversible because only a slight increase in the restraining force could reverse the
direction of the process from expansion to compression. For reversible processes
the system is in equilibrium with its environment, while for irreversible processes
it is not.

To provide a quantitative measure for the direction of spontaneous change,
Clausius introduced the concept of entropy as a precise way of expressing the
second law of thermodynamics. The Clausius form of the second law states that
spontaneous change for an irreversible process in an isolated system (that is, one
that does not exchange heat or work with its surroundings) always proceeds in the
direction of increasing entropy. For example, the block of ice and the stove
constitute two parts of an isolated system for which total entropy increases as the
ice melts.

By the Clausius definition, if an amount of heat Q exchanges that occur in thermal
processes via the relation AS = Q/T [27]. This equation effectively gives an
alternate definition of temperature that agrees with the usual definition. Assume
that there are two heat reservoirs R; and R, at temperatures T, and T, (such as the
stove and the block of ice). If an amount of heat Q flows from R; to R,, then the net
entropy change for the two reservoirs is:

i_ 1

AS =Q (Tz T_l) (2.4)
which is positive provided that T, > T,. Thus, the observation that heat never flows
spontaneously from cold to hot is equivalent to requiring the net entropy change to
be positive for a spontaneous flow of heat. If T, = T,, then the reservoirs are in
equilibrium, no heat flows, and AS = 0.

The condition AS > 0 determines the maximum possible efficiency of heat
engines—that is, systems such as gasoline or steam engines that can do work in a
cyclic fashion. Suppose a heat engine absorbs heat Q; from R; and exhausts heat

10


https://www.britannica.com/science/gas-state-of-matter
https://www.britannica.com/science/atmosphere
https://www.britannica.com/science/force-physics
https://www.britannica.com/science/equilibrium-physics
https://www.merriam-webster.com/dictionary/environment
https://www.britannica.com/science/thermodynamics/The-second-law-of-thermodynamics#ref258544
https://www.britannica.com/science/thermodynamics/The-second-law-of-thermodynamics#ref258544
https://www.britannica.com/science/heat
https://www.merriam-webster.com/dictionary/constitute
https://www.merriam-webster.com/dictionary/equilibrium
https://www.merriam-webster.com/dictionary/efficiency
https://www.britannica.com/technology/steam-engine

Q. to R, for each complete cycle. By conservation of energy, the work done per
cycle is W = Q; — Q,, and the net entropy change is:

AS=%_% (2.5)
T, T
To make W as large as possible, Q, should be as small as possible relative to Q;.
However, Q, cannot be zero, because this would make AS negative and so violate
the second law. The smallest possible value of Q, corresponds to the condition

AS= 0, yielding:

T,

(Dmin =1 (2.6)

As the fundamental equation limiting the efficiency of all heat engines. A process
for which AS = 0 is reversible because an infinitesimal change would be sufficient
to make the heat engine run backward as a refrigerator.

The same reasoning can also determine the entropy change for the working
substance in the heat engine, such as a gas in a cylinder with a movable piston. If
the gas absorbs an incremental amount of heat dQ from a heat reservoir at
temperature T and expands reversibly against the maximum possible restraining
pressure P, then it does the maximum work dW = P dV, where dV is the change in
volume. The internal energy of the gas might also change by an amount dU as it
expands. Then by conservation of energy:

dQ = dU + PdV 2.7)

Because the net entropy change for the system plus reservoir is zero when
maximum work is done and the entropy of the reservoir decreases by an amount

dQ
dSreservior - _d_T (2-8)

This must be counterbalanced by an entropy increase of:

au+prav _ d_Q (29)

T T

dSsystem -

for the working gas so that dSsysem + dSreservoir = 0. FOr any real process, less than
the maximum work would be done (because of friction, for example), and so the
actual amount of heat dQ’ absorbed from the heat reservoir would be less than the
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maximum amount dQ. For example, the gas could be allowed to expand freely into
a vacuum and do no work at all. Therefore, it can be stated that:

dU+P dv aq
dSsystem = u > 2 (2.10)

T T

With dQ’ = dQ in the case of maximum work corresponding to a reversible
process.

This equation defines Syem as a thermodynamic state variable, meaning that its
value is completely determined by the current state of the system and not by how
the system reached that state. Entropy is an extensive property in that its magnitude
depends on the amount of material in the system.

In one statistical interpretation of entropy, it is found that for a very large system in
thermodynamic equilibrium, entropy S is proportional to the natural logarithm of a
quantity Q representing the maximum number of microscopic ways in which the
macroscopic state corresponding to S can be realized; that is, S = k In Q, in which k
Is the Boltzmann constant that is related to molecular energy.

All spontaneous processes are irreversible; hence, it has been said that the entropy
of the universe is increasing: that is, more and more energy becomes unavailable
for conversion into work. Because of this, the universe is said to be “running
down”.

2.5 Heat Transfer:

Whenever a temperature gradient exists within a system, or whenever two systems
at different temperatures are brought into contact, energy is transferred. The
process by which the energy transport takes place is known as heat transfer. The
thing in transit, called heat, cannot be observed or measured directly. However, its
effects are identified and quantified through measurements and analysis. The flow
of heat like performance of work is process by which the initial energy of a system
Is changed [28].

Heat transfer is defined as the transmission of energy from one region to another as
a result of temperature gradient takes place by the following three modes:

(i) Conduction, (ii) Convection, and (iii) Radiation.

Heat transmission, in majority of real situations, occurs as a result of combinations
of these modes of heat transfer. Example: The water in a boiler shell receives its
heat from the fire-bed by conducted, convicted and radiated heat from the fire to
the shell, conducted heat through
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The shell and conducted and convicted heat from the inner shell wall, to the water.
Heat always flows in the direction of lower temperature. The above three modes
are similar in that a temperature differential must exist and the heat exchange is in
the direction of decreasing temperature; each method, however, has different
controlling laws [29].

2.5.1 Conduction:

Thermal conduction is process by which heat is transmitted by the direct contact
between particles of a body without any motion of the material as a whole.
Conduction occurs in all media: solids, liquids, and gases when a temperature
gradient exists [30].

Conduction is the transfer of heat from one part of a substance to another part of
the same substance, or from one substance to another in physical contact, with it,
without appreciable displacement of molecules forming the substance.

In solids, the heat is conducted by the following two mechanisms:

(i) By lattice vibration: the faster moving molecules or atoms in the hottest part of
a body transfer heat by impacts some of their energy to adjacent molecules.

(if) By transport of free electrons: free electrons provide an energy flux in the
direction of decreasing temperature for metals, especially good -electrical
conductors, the mechanism is responsible for the major portion of the heat flux
except at low temperature.

Fourier’s law of heat conduction: Fourier’s law of heat conduction is an empirical
law based on observation and states as follows: “The rate of flow of heat through a
simple homogenous solid is directly proportional to the area of the section at right
angles to the direction of heat flow, and to change of temperature-with respect to
the length of the path of the heat flow” [18].

Mathematically, it can be represented by the equation:

2 dT
X A.—
Y dx

Where Q: heat flow through a body in (W), A: surface area of heat flow
perpendicular to the direction of flow (m?), dT: temperature difference of the faces
of block in °C or K, dx: thickness of body indirection of flow in (m).

Thus:

Q=-KAZ (2.11)
The constant K is called the thermal conductivity. It obviously must have the
dimensions (w/m?).
In equation (2.10) there is negative sign because, the heat flux (Q) resulting from

thermal conduction is proportional to the magnitude of the temperature gradient
and opposite to it.
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Equation (2.10), tells us that if temperature decreases with (x), (Q) will be positive;
it will flow in the (x) direction. If (T) increases with (x) , (Q) will flow from higher
temperatures to lower temperatures [31].

2.5.2 Convection:

Convection is the transfer of heat within a fluid by mixing of one portion of the

fluid with another. Convection heat transfer is clearly a field at the interface

between two older fields: heat transfer and fluid mechanics (32). Convection

constitutes the macro form of the heat transfer since macroscopic particles of fluid

moving in space because the heat exchange. The effectiveness of heat transfer by

convection depends largely upon the mixing motion of the fluid.

This mode of heat transfer is met with in situations where energy is transferred as

heat to a following fluid at any surface over which flow occurs. This mode is

basically conduction in a very thin fluid layer at the surface and then mixing

caused by the flow. The heat flow depends on the properties of fluid and is

independent of the properties of the material of the surface. However, the shape of

the surface will influence the flow and hence the heat transfer.

Free or natural convection occurs where the fluid circulates of hot and cold fluids,

the denser portions the fluid move downward because of the greater force of

gravity as compared with force on the less dense.

Forced convection when the work is done to blow or pump the fluid, it is said to be

forced convection.

The rate equation for the convective heat transfer (regardless of particular nature)

Between a surface and an adjacent fluid is prescribed by Newton’s law of cooling
Q=hA(T,—Tj) (2.12)

where, Q = Rate of conductive heat transfer, A = Area exposed to heat transfer,

Ts = Surface temperature, T = Fluid temperature, and h = Co-efficient of

conductive heat transfer.

The units of h are, h =QA (ts tf )W— m2 C=° or W/m2°C or W/m2K

The coefficient of convective heat transfer ‘h’ (also known as film heat transfer

coefficient)

May be defined as ‘‘the amount of heat transmitted for a unit temperature

difference between the fluid and unit area of surface in unit time.’’ The value of ‘h’

depends on the following factors:

(i) Thermodynamic and transport properties (e.g., viscosity, density, specific heat

etc.), (ii) Nature of fluid flow, (iii) Geometry of the surface, and (iv) Prevailing

thermal conditions.

Since ‘h” depends upon several factors, it is difficult to frame a single equation to

satisfy all [29].
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2.5.3 Radiation:

“Radiation is transfer of heat through space or matter by means other than
conduction or convection”. Radiation heat is thought of as electromagnetic waves
or quanta (as convection) an emanation of the same nature as light and radio
waves. All bodies radiate heat, so a transfer of heat by radiation occurs because hot
body emits more heat than it receives and cold body receives more heat than it
emits. Radiant energy (being electromagnetic radiation) requires no medium for
propagation and will pass through a vacuum.

The rapidly oscillating molecules of the hot body produce electromagnetic waves
in hypothetical medium called ether. Theses waves are identical with high waves,
radio waves, and X-rays, differ from them only in wavelength and travel with an
approximate velocity of light (3x10%m/s). These waves carry energy with them and
transfer it to the relatively slow-moving molecules of the cold body on which they
happen to fall. The molecular energy of the later increases and results in arise of its
temperature. Heat travelling by radiation is known as radiant heat.

The properties of radiant heat in general, are similar to those of light. Some of the
properties are:

(i) It does not require the presence of a material medium for its transmission.

(if) Radiant heat can be reflected from the surfaces and obeys the ordinary laws of
reflection.

(iii) It travels with velocity of light.

(iv) Like light, it shows interference, diffraction, and polarization.

The wavelength of heat radiation is longer than that of light waves; hence they are
invisible to the eye.

The contribution of radiation to heat transfer is very significant at high absolute
temperature levels such as those prevailing in furnaces, combustion chambers,
nuclear explosions and in space applications. The solar energy incident upon the
earth is also governed by the laws of radiation. The energy which a radiating
surface releases is not continuous but is in the form of successive and separate
(discrete) packet or quanta of energy called photons. The photons are propagated
through space as rays; the movement of swarm of photons is described as
electromagnetic waves. The photons travel (with speed equal to that of light) in
straight paths with unchanged frequency ;when they approach the receiving
surface, there occurs reconversion of wave motion into thermal energy which is
partly absorbed, reflected or transmitted through the receiving surface (the
magnitude of each fraction depends, upon the nature of the surface that receives
the thermal radiation).

All types of electromagnetic waves are classified in terms of wavelength and are
propagated at the speed of light (c) i.e., 3 x 10° m/s. The electromagnetic spectrum
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Is shown in Fig. (2.2 ). The distinction between one form of radiation and another
lies only in its frequency (f) and wavelength (A) which are related by

c=AXf (2.13)

The emission of thermal radiation (range lies between wavelength of 10" m and
10* m) depends upon the nature, temperature and state of the emitting surface.
However, with gases the dependence is also upon the thickness of the emitting
layer and the gas pressure.
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Figure 2.2 Spectrum of electromagnetic radiation.
Thermal radiations exhibit characteristics similar to those of visible light, and
follow optical Laws. These can be reflected, refracted and are subject to scattering
and absorption when they pass through a media. They get polarized and weakened
in strength with Inverse Square of radial distance from the radiating surface.
The rate of emission of radiation by a body depends upon the following factors:
(i) The temperature of the surface, (ii) The nature of the surface, and (iii) The
wavelength or frequency of radiation.
According to Stefan Boltzmann law, the amount of radiation emitted per unit time
from an area A of a black body at absolute temperature T is directly proportional to
the fourth power of the temperature:

Q  ra
T < T
%= oT*

Q=0cAT" (2.14)
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Where Q: Total energy released from the black body (w), A: Surface area of the
black body in (m?), T: temperature in (K), and o: Stefan-Boltzmann constant
(6=5.67x10"% W/m%YK*[29].

The net amount of radiation heat transfer to or from a surface depends on the on
the surface temperature of the surroundings (because the surroundings are radiating
heat to the surface as well). Examples of situations where radiation heat transfer
can be dominated heat transfer mechanisms are the dun heating the earth and heat
lamp shining on a cold object. To have large amounts of radiation heat transfer,
you need both a very hot surface (due the dependence of the radiation on the
surface temperature to the fourth power) and a large temperature difference
between the surface and the surroundings [33].

2.6 Types of radiation:

Radiation can be categorized into non-ionizing radiation and ionizing radiation.

2.6.1 Non-ionizing radiation: is the type of electromagnetic radiation with no
enough energy to ionize atom. Although, considered less dangerous than ionizing
radiation, over exposure to non-ionizing radiation can also be hazardous. Examples
of this kind of radiation are radio waves, visible light and microwaves [34, 35].

2.6.2 lonizing radiation: is radiation that carries enough energy to detach
electrons from atoms causing the atom to become charged or ionized [35].

lonizing radiation can affect the atoms in living things, so it poses a health risk by
damaging tissue and DNA in genes. lonizing radiation has many types like alpha
particles, beta particles, gamma-rays, and X-rays. Radioactive elements emit
ionizing radiation as their atoms undergo radioactive decay.

And we're going to focus this study on gamma rays, because they're basically used
in this research.

2.7 Gamma rays:

Gamma rays are electromagnetic waves of very short wavelength of about 0.004A°
to 0.4A° consisting of photons. It is more convenient to describe the radiation in
terms of energy than in terms of wavelength since the energy absorbed from the
radiation is basically of interest. Gamma rays have no charged particles; they are
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not deflected by electric and magnetic fields. Since gamma-rays are
electromagnetic waves, they travel with velocity of light [11].

The gamma rays are of nuclear origin. Experimentally it is observed that the
gamma spectrum is always in the form of sharpness indicating the nuclei have
discrete energy levels like atoms. Moreover, nuclear energy is characteristic of a
particular nucleus. The gamma rays emitted from radioactive elements have very
high energies of the order of few MeV which is greater than the energies of
characteristic X-ray from k-level of those atoms.Cobalt-60, for example, gives
equal number of gamma photons of energy 1.332 and 1.173 MeV. The high energy
gamma radiation penetrates deeper into materials and induces processes not
possible at low energies [36, 37].

2.7.1 Origin of gamma decay:

Radioactive decay is the process in which an unstable atomic nucleus
spontaneously loses energy by emitting ionizing particles and radiation, this called
the parent nuclide transforming to an atom of different type, named the daughter
nuclide [38].

The very large values of energy of gamma rays of the order of few MeV show that
they must be of the nuclear origin. In addition, the gamma rays spectrum consists
of sharp lines which indicate the existence of a number of energy levels in the
nucleus.

It has been proved that gamma rays arise from the transition of a nucleon from
higher energy to lower energy level. When a nucleus emits an alpha or beta
particles, the daughter nucleus is left in an excited state. The nucleus in excited
state returns to the ground state by emitting gamma rays. The energies correspond
to the states in the transitions involved [11].

For example, the nucleus ,X*" in excited state comes down to lower energy state
X emitting gamma ray. The gamma ray emission is represented by:

YA S YAy (2.15)

It is to be noted here that the daughter and parent nuclei have the same structure of
nuclear particles. The only difference is that the parent nucleus is in an excited
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state and the daughter is in lower energy state. If E” is the energy associated with
the parent nucleus in excited state and E is the energy of the daughter nucleus in
lower energy state, the gamma rays emitted have the energy given by:

hv =E* —E (2.16)
Where v is the frequency of the emitted gamma rays.

If E is ground state of nucleus, no further emission of gamma-ray photons will take
place, otherwise the nucleus will emit one or more gamma-ray photons before
reaching to ground state. During gamma decaying mass and charge of decaying
nucleus does not change [39].

2.7.2 Gamma photons energy:

A particle of zero rest mass such as gamma photon will have a kinetic energy given
by:

E=hv=h (2.17)
Where: h is blanck’s constant = 6.62x10%J.s , ¢ is speed of light = 3x10°m/s,

v is the frequency of gamma photon, and A is wavelength of electromagnetic
radiation(m).

In particular the complete annihilation of a particle of rest mass in (kg) releases an
amount of energy (E) in units (J) given by formula:

E = mc? (2.18)
Hence, we can write a universal energy-mass-radiation equivalence equation as:

E=mc =hv=nh (2.19)

¢
2
This relates mass and electromagnetic radiation through the interesting
relationship:

m=2y=1"1 (2.20)
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Therefore, electromagnetic radiation with high frequency and short wavelength,
such as X- rays and gamma rays, are also the highest energy photon known while
radio waves are of relatively low energy. This is why figure ( EM Spectrum) is
called electromagnetic spectrum. It is an arrangement of electromagnetic radiation
according to energy (increase from right to left) of electromagnetic radiation is
feared. Being more energetic has its consequences [40].

2.7.3 The absorption of gamma rays with matter:

When an x- and y- ray beam passes through a medium, interaction between
photons and matter can take place with the result that energy is transferred to the
medium. The initial step in the energy transfer involves the ejection of electrons
from the atoms of the absorbing medium. These high speed electrons transfer their
energy by producing ionization and excitation of the atoms along their paths [41].

2.7.3.1 Linear attenuation coefficient:

Let us consider a mono-energetic and homogeneous beam of gamma ray of
intensity lo be incident on a thin sheet of material. It has been experimentally
observed that the gamma ray incident on the material is getting absorbed and | be
the intensity of the emerging ray when passing through a thickness of (x). Hence,
the decrease in intensity dl with respect to the thickness dx is proportional intensity
| of emerging gamma ray.

dl /
—_— OC —_—
dx

dl

Where 1 is proportionality constant and is called the linear attenuation coefficient.
Negative sign indicates that as x increase, | decrease. Linear attenuation coefficient
defined as “the fraction of how many photons are removed per path length either

from scattering out from transferring their energy to electrons”, and measured in
cm™ [42, 43].

From eq.(2.21) we have:

20



ar_
TR

Integrating the above equation, we have:
logl = —u+C
At t=0, | = |y, the initial intensity of gamma ray, then C = logcl
Therefore:
log. I = ux + log. I, (2.22)
Or:
I =Ije (2.23)

The equation (2.23) determines the intensity of radiation of gamma ray after
traversing through a thickness (x) of the absorbing material. The gamma ray
absorption in matter is pictorially represented in fig (2.3).
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/ N\/\v’\/\/‘\/\/\/’\/ Detector
e NN NN

"\\»\\x\“\

Pb Pb

Figure 2.3 Gamma ray absorption in matter
Experiments have been performed using different energies. It has been found that:

I. Attenuation coefficient p depends upon the nature of absorber. u is larger for
heavier elements like Pb, B, etc, and is smaller for lighter elements like C, Al, etc.

ii. Attenuation coefficient u depends upon the energy of y-rays. It is larger for low
energy y-rays and is smaller for high energy y-rays.
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2.7.3.2 Half value layer (HVL):

Half value layer is the thickness of an absorber of specified composition required
to attenuate the intensity of the beam to half its original value [42, 44]. From
equation (2.23):

Iy
I = —
2
I
?0: Ioe_ﬂx
et* =2
Ux1 = In2
2

Where X;, is half thickness, this can also written as:

HVL = 22 = 26 (2.24)
I I

2.7.3.3 Cross-section:

The probabilities for the occurrence of various processes initiated through
collisions in atomic and nuclear physics are generally described in terms of cross-
section for the process. The cross-section is a very useful concept for describing
the partial probabilities for possible processes [45].

2.7.4 Interaction of radiations with matter:

In penetrating an absorbing medium, photons may experience various interactions
with the atoms of the medium or these interactions involve either the nuclei of the
absorbing medium or the orbital electrons of the absorbing medium: (i) the
interactions with nuclei may be direct photon-nucleus interactions or interactions
between the photon and the electrostatic field of the nucleus, and (ii) the photon-
orbital electron interactions are characterized as interactions between the photon
and either a loosely bound electron or a tightly bound electron [46].

Gamma ray interaction is important from the perspective of shielding against their
effects on biological matter. They are considered as ionizing radiation whose
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scattering by electrons and nuclei leads to the creation of radiation field containing
negative electrons and positive ions.

We know that the gamma rays are highly penetrating, uncharged radiation which
consists of small energy packets of photons. Hence, their interaction with matter is
very much effective compared to the interaction of charged particles with matter.
When a beam of gamma ray photons is incident on matter, there are three
processes which are mainly responsible for the absorption of gamma rays. These
processes are photoelectric effect, Compton scattering, and pair production.

2.7.4.1 Photoelectric effect:

In around 1880, Hertz and Lenard observed that when a clean metallic surface is
irradiated by monochromatic light of proper frequency, electrons are emitted from
it. This phenomenon of ejection of the electrons from the metal surface is called
the photoelectric effect and electrons thus ejected called the photoelectrons as
shown in figure (2.4).

=— [ncident radiation

e - '

it [ c
I Photoelectrons
(2) -

B
Figure 2. 4 Schematic diagram of the experimental setup for photoelectric effect.

Figure (2.4) In an evacuated glass tube, two metal plates C, acting as the collecting
anode and D which acts as photosensitive are enclosed. These two plates are
connected to a battery B and ammeter A. When the incident radiation falls in plate
D through the window W, electrons are ejected out of the plate and current flows
in the circuit. With the help of this apparatus, the following dependencies of the
photoelectric effect were found.

(i) The number of electrons emitted by the metal is found to be directly
proportional to the intensity of the light.
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(i1) The emitted electrons move faster if the light has a higher frequency.

(ili) There is a cut-off frequency for the incident photons, below which no
electrons are emitted [47, 48].

2.7.4.2 Compton scattering:

When a photon incident on an atom can be absorbed, the atom to eject an electron
with a Kinetic energy equal to the excess energy; that is, the kinetic energy is the
difference between the photon energy and the binding energy of the electron.
Alternatively, some or all of the excess energy can be given to a second electron
[49].

The photon with diminished energy hv' is scattered an angle © with the direction
of incident photon. The electron recoil at angle ¢. The energy absorbed by the
Compton electrons is only a small fraction of the total energy of the incident
gamma rays unlike in the case of photoelectrons as shown in figure (2.5).
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Figure 2.5 Compton Scattering

During this interaction, only a part of the total photon energy hv is transferred to a
free electron and scattered photon moves in a changed direction with lower energy

hv\ < hv . The photon energy decrease does not depend on energy but only on the
scattering angle © that ranges between © and n. The original wavelength A changes
to A\ > 1. The increase of the wavelength of scattered photon

Ax = A\ — A is given by:
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Where m is the mass of electron, and c the velocity of electromagnetic wave in
vacuum. The expression h/mcc is called the Compton wavelength of electron.

This type of interaction does not depend on the atomic number of absorber and the
probability of its occurrence depends on incident photon energy [50, 51].

2.7.4.3 Pair production:

We have already seen that the photons give an electron all of its energy
(photoelectric effect) or transfer only a part of its energy (Compton scattering).
There is a third probability in which photon may suddenly disappear and create an
electron and positron. This process called pair production. All the conservation
laws are fulfilled during this process. For example, the sum of the charge of
electron (q=- ) and of positron (g= + q) is zero and the charge on photon is also
zero as shown in figure (2.6). The total energy which also includes the rest mass
energy of electron and positron is equal to the gamma-ray photon energy.

The formation of electron-positron pair and remaining energy is shared by electron
and positron as kinetic energy. This process is represented by the relation:

y=e + et (2.26)

In this process, when the gamma ray is incident on matter, the photon disappears
and is converted into an electron-positron pair figure (2.6). This process can take
place only when the photon energy exceeds the total energy of electron and
positron (2moc?). The pair production process cannot occur in free space and
usually takes place in the presence of nuclear field [39, 50].
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Figure 2.6 Pair production

The probability of each process is expressed as absorption coefficient. The total
absorption coefficient is sum of absorption coefficients of the three processes. The
various absorption coefficients depend upon the energy of the y-rays as well as
nature of absorbing material. Thus, the absorption of y-rays cannot be expressed in
single formula. Each partial absorption coefficient is expressed as function of
energy for given material and tables have been prepared for different materials.
The total absorption coefficient p of a given material is expressed by the formula:

H(E) = tpe(E) + o (E) + by (E) (2.27)

Where indices pe, 6 and pp stand for photoelectric effect, Compton scattering and
pair product respectively.

A graph of the linear attenuation coefficient for photon in lead as function of
photon energy. The contribution of linear absorption coefficient of photoelectric
effect ppe, Compton scattering i, and pair production p, is shown in figure (2.7).
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Figure 2. 7 The linear coefficient as a function of photon energy
2.7.5 Gamma radiation shielding:

When gamma radiation interacts with matter, its intensity will decrease as it travels
through matter. The decrease in intensity of radiation is dependent mainly on the
type of target material and its thickness in its path. The attenuation properties of
radiation for particular target materials are required to determine the amount of
shielding necessary and how much dosage one would receive if that particular
target material is used for the shielding.

The type and amount of shielding required depend on: the type of radiation, the
activity of radiation source, and the dose rate that is acceptable for outside the
shielding material. However, there are other factors for choice of shielding material
such as their cost and weight. An effective shield will result in a large energy more
hazardous radiation.

Furthermore, the good shielding material should have high absorption cross-
section for radiation and the same time irradiation effects on its mechanical and
optical properties should be small. There are two main methods for radiation
shielding materials: first, shielding materials are furnished on the wall surface or
directly on it, and second, these materials are covered around the radiation source.

In general various materials have been used for the radiation shielding in different
applications. The scattering and absorption of gamma radiations are related to
density and effective atomic numbers of material. Knowing the mass attenuation
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coefficient is prime importance. However, the linear (u.,cm™) has been described
to investing the radiation shielding properties of any shielding material [52, 54].

2.7.6 Gamma rays shielding design:

For shielding design gamma ray is one of the main type of nuclear radiation, which
have to be considered, since any shield that attenuates gamma rays will be more
effective for attenuating other radiations. In principle, any material can be used for
radiation shielding if it a sufficient thickness to absorb the incident radiations to a
safe level.

The objective of gamma rays shield design is to find the thickness of material or a
combination of materials that would attenuate the intensity of the radiation to a
level that would not adversely affect individuals in the vicinity of the gamma rays
radiation field.

The attenuation factor of a beam of initial intensity Iy in a shield of thickness x is:

[0 _ penr (2.28)

Iy
Where B is the buildup factor.

The buildup factor B is simply a multiplicative factor for extended sources [44,
55].

The value of B depends on the nature and thickness of the attenuating medium and
on the gamma ray energy. The buildup factor is thus defined as:

B Actual gamma ray flux

~ Flux obtained using exponential attenuation law

Taking the natural logarithm of both sides, we get:

ux = —In [% - ’5—") (2.29)
If the desired attenuation factor and the attenuation factor in the medium used as

shield are known, then we can estimate the needed thickness x from:

1. 1 I(x
x=tn[ti
u B I

(2.30)
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2.7.7 Gamma ray detection:

All nuclear radiation detection is based on the interactions with matter. The
detection methods are in general based on the process of excitation or ionization of
atoms in the detector by the passage of charged particles. Electromagnetic
radiation gives rise to energetic electrons by one of the three types of interactions
with matter [56]. Radiation loses all or part of the energy by making interactions
since enter into material. If photon sweeps away an electron from the atom of
material, this atom becomes ionized. Excitation condition is the condition that
exists for atomic nucleus [57].

Different factors are important in the choice of gamma detector:

(i) The resolving power which determines the complexity of the spectrum that can
conveniently be analyzed.

(if) The detection efficiency which dictates the source strength necessary for the
measurement of spectrum.

(iii) The simplicity of the arrangement and the ease of data accumulation.

(iv) Secondary factors as the response linearity, the stability, the ratio of the
photoelectric interactions to Compton interactions, the timing accuracy, etc.

Detectors may be employed in numerous ways as detectors recording all radiation
passing through the sensitive detection volume, as rate meters recording the
radiation flux, as spectrometers yielding information about the energies, and the
intensities of the gamma radiation [56].

There are three types of detectors that are most commonly used depending on the
specific needs of the device. These are Gas filled detectors, Scintillators and Solid
state detectors. Each has various strengths and weakness that recommend them to
their own specific roles.

2.7.7.1 Gas-filled Detectors:

The first type of radiation detector Gas filled detectors are amongst the most
commonly used. There are several types of Gas filled detector, and while they have
various differences in how they work, they all are based on similar principles.
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Many radiation detectors are based on measuring the effects produced by the
ionizing radiation as it passes through a gas filled chamber. As the radiation passes
through the gaseous medium, the radiation excites and ionizes the gas molecules
along its path. The gas-filled detectors include ionization chambers, proportional
counters, Geiger tubes, etc. and in all these devices, the ionization produced by the
incident radiation generates an electrical signal. They can be constructed with
metal and ceramic components and are usually filled with inert gas. Therefore,
these devices can be made relatively robust and tolerant to high radiation and
temperature levels. They can be installed in the inaccessible areas in the nuclear
facilities and their signals can be monitored remotely to obtain information about
the radiation. The gas-filled detectors consist of a gas filled chamber with central
electrode well insulated from the chamber walls as shown in figure (2.8). A voltage
V is applied between the wall and the central electrode dissipates part or all of its
energy by generating electron-ion pairs. Both electrons and ions are charge carriers
that move under the influence of electrical field. Their motion includes a current on
the electrode, which may be measured. Or, through appropriate electronics, the
charge produced by the radiation may be transformed into a pulse, in which case
particles are counted individually [48, 58, and 59].
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Figure 2.8 Schematic diagram of Gas-filled detector

The different types of Gas filled detector are: ionization chamber, proportional
counters and Geiger-Muller (GM) tubes. The major differentiating factor between
these different types is the applied voltage across the detector, which determines
the types of response that detector, will register from an ionization event.
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2.7.7.2 Scintillators Detectors:

The second major type of detectors utilized in radiation detection instruments are
scintillation detectors. The name of these detectors comes from the fact that the
interaction of a particle with some materials gives rise to a scintillation or flash of
light [60]. The scintillation mechanism can be explained by means of the energy
band theory. In this model, a band gap separates the valence band (filled band) of
conduction band (usually empty). Thus, via the ionization process, an electron can
be excited from the valence band to the conduction band or to the energy states
located close to the mid-gap. An excitation is formed when the electron removed
remains electrostatically bonded with the hole left in the valence band. The
electron excited to these states decays to ground state emitting light in the visible
range of electromagnetic spectrum. This visible light interacts with photo cathode
and electrons are emitted by photoelectric effect or Compton scattering, producing
a current in the circuit. However, scintillation detectors produce currents of low
intensity and only after the advent of photomultiplier tubes has its use become
feasible [61] as shown in figure (2.9).

Radiation
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Optical Window

Figure 2.9 Scintillation Detector

Due their high sensitivity and their potential ability to “identity” radioactive
sources, scintillation detectors are particularly useful for radiation security
applications. These can take many forms, from handheld devices used to screen
containers for hidden or shielded radioactive material, to monitors set up to screen
large areas or populations, able to differentiate between natural or medical sources
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of radiation and sources of more immediate concern, such as special nuclear
material (SNM).

2.7.7.3 Solid state Detectors:

The last major detector technology used in radiation detection instruments are
solid state detectors. Solid state detectors referred to as semiconductor detectors,
are made from semiconductor materials. These detectors benefit from a small
energy gap between the semiconductor valence- and conduction- bands. Therefore,
a small energy deposition can move electrons from the valence-band to the
conduction band, leaving holes behind when an electric field is applied, the two
charge carriers (electron and hole) drift toward their respective electrodes and
produce a signal. Therefore, the passage of ionizing particle in the sensitive part of
a solid state detector can be detected by collecting the charge carriers liberated by
energy deposition in the semiconductor [62].

Silicon solid state detectors are composed of two layers of silicon semiconductor
material, one “n-type”, which means it contains a greater number of electrons
compared to holes, and one “p-type”, meaning it has a greater number of holes
than electrons. Electrons from the n-type migrate across the junction between the
two layers to fill the holes in the p-type, creating what’s called depletion zone.

This depletion zone acts like the detection area of an ion chamber. Radiation
interacting with the atoms inside the depletion zone causes them to re-ionize, and
create an electronic pulse which can be measured. The small scale of the detector
and of the depletion zone itself, means that the ions pairs can be collected quickly,
meaning that the instruments utilizing this type of detector can have a particularly
quick response time. This, when coupled with their small size, makes this type of
solid state detector very useful for electronic dosimetry.

Semiconductor detectors, in particular silicon and germanium detectors were used
for quite some time, but not too frequently, in Nuclear Physics for the purpose of
measuring particle and X-ray photon energies, not however for position
measurement [63].
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2.8 Geiger-Muller Tube (GM Tube):

The Geiger-Mueller counter (commonly referred to as the G-M counter, or simply
Geiger tube) is one of the oldest radiation detector types in existence, having been
introduced by Geiger and Mueller in 1928. However, the simplicity, low cost, and
ease of operation of these detectors have led to their continued use to the present
time [64].A Geiger counter (Geiger-Muller tube) is a device that can detect and
measure all types of radiation: alpha, beta and gamma radiation. It consists of a
tube filled with low pressure (0.1 atm) inert gas (The gas used is usually Helium or
Argon) and an organic vapor. Inside the chamber, there are two electrodes,
between which a potential difference of several hundred volts created without any
flow of current [65]. The ions (and electrons) are attracted to the electrodes and an
electric current is produced. A scale counts the current pulses, and one obtains a
"count” whenever radiation ionizes the gas [66].

2-8-1 Principle: It works on the principle that nuclear radiations while passing
through the gas contained in GM counter ionized it.

2-8-2 Construction: The GM tube is cylindrical in shape as shown in figure (2.10).
This cylinder is either made up of conducting metal like copper, which acts as a
cathode or it is made up of glass, in which a metallic cylinder is supported which
acts as a cathode. However, in some cases when the tube is of glass, inner sides of
the tube are coated with a conducting metal like copper or silver. This coating acts
as cathode. Anode is generally made up of tungsten wire which stretched from the
cylindrical tube. The thickness of this wire is generally (0.02 to 0.05) mm.

Geiger-Miller tube
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Figure 2.10 Geiger-Muller Tube
Depending upon the requirement, the GM tubes are available in a variety of sizes.
The diameters of the tubes vary from 0.3 cm to about 15 cm while their lengths
vary from 1 cm to 100 cm. Commercially available GM tubes are filled with 90%
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argon (as the filling gas) and 10% ethyl alcohol (as the quenching gas) or 0.1%
either chlorine or bromine (as quenching gas) and the rest is neon or argon gas. A
thin glass, mica or polymer window (~10um) isolates the gases present in GM
counter from the atmosphere.

3-8-3 Working: The charged particles entering the GM tube ionize the gas present
in the tube. This event is been known as primary ionization. The electrons liberated
in the primary ionization are accelerated towards the central anode wire. Because
of high potential present on the wire, the electrons may gain sufficient energy to
cause further ionization of the natural gas molecules (known as secondary
ionization). This leads to chain of ionizing events which is known Townsend
avalanche.

Beside these processes, there is a possibility of excitation of molecules and atoms.
Such excited molecules and atoms, while de-exciting, may emit ultra violet (UV)
or visible photons. These photons again lead to the production of electrons due to
ionization of gas atoms or molecules or due to photoelectric interaction with walls
of counter. Each such liberated electron would again cause a Townsend avalanche.
Such as a series of avalanches would lead to discharged in the tube called Geiger
discharge. In such a state, there is a formation of dense envelop of electron-ion
pairs distributed around the anode. The voltage applied to anode collects all the
electrons pertaining to single event leading to Geiger discharge.

3-8-4 Characteristics of GM tubes: The important parameters which decide the
quality of functioning of GM tubes are (i) Dead time, (ii) Recovery time, and (ii)
Geiger plateau length and plateau slope.
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Chapter Three

Literature Review

3.1 Introduction:

Different attempt were made to relate thermodynamics properties of matter to the
physical properties of bulk matter. Theoretical models were also constructed to
explain some of these properties which are slight bit complex since matter is in
non-equilibrium state. Some of these attempts were presented here.

3.2 Explanation of Intensity Spectral change of Bhutan,
Carbon dioxide, Carbon Monoxide, Oxygen, Nitrogen Gases

on the basic of Non Equilibrium:
In this work an attempt was made to relate temperature change to the change of
spectra of some gases, which are Bhutan (C4H,o), Carbon dioxide (CO,), Carbon
Monoxide (CO), Oxygen (O,), Nitrogen (N,). The spectra of this gas were
displayed by USB2000 spectrometer, when their temperature changes from (300 to
337) K considerable change in the spectral intensity was observed. These changes
can be explained theoretically by using non-equilibrium statistical distribution by
using plasma equation, beside the laws of quantum mechanics.
She gets these results of her study:

Table (3-2-1): spectrum of Bhutan () at different temperatures

T = temperature A= wavelength | = Intensity A = area W=width

T(K) A (nm) A(m?2) W (nm) I(a.u)
300 630.73 4390.43 6.92 126.8
301 630.78 2536.69 6.96 125.89
303 630.83 2282.57 7.07 125.74
305 630.79 1645.95 7.03 125.79
307 630.78 1645.9 7.02 125.79
309 630.84 1855.9 7.16 125.13
311 630.78 1888.66 7.1 124.64
313 630 1698.66 7.03 124.79
315 630.83 1482.01 7.003 124.53
317 630.86 1560.78 7.03 123.96
318 630.84 1717.5 7.04 123.5
319 630.89 2037.01 7.08 123.46
320 630.95 1310.88 6.95 117.62
323 631.01 1265.28 7.02 116.95
324 631.01 1276.02 7.05 116.65
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Fig (3-2-1-1) Relation between Intensity and temperature

Table (3-2-2): spectrum of Carbon dioxide (CO2) at different temperatures

T(K) AMnm) A(m2) W(nm) I(a.u)
308 631.09 6721.97 7.09 104.78
310 630.69 3971.93 6.56 104.82
312 630.71 2990.83 6.61 104.98
314 630.68 2313.09 6.67 105.16
318 630.67 2672 6.59 105.105
319 630.73 2562.34 6.62 105.16
321 630.77 2788.17 6.63 104.95
323 630.75 2604.82 6.71 105.38
325 630.81 2746.3 6.76 105.25
327 630.75 2630.97 6.68 105.37
329 630.77 2896.99 6.58 105.56
331 630.66 3235.75 6.72 107.02
333 630.7 2852.53 6.67 109.16
336 630.64 2867.93 6.73 112.15
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Table (3-2-3): spectrum of Carbon Monoxide (CO) at different temperatures

T(K) A (nm) A(m2) W(nm) I(a.u)
305 630.81 7727.23 7.19 127.88
308 630.83 17902.95 7.52 128.35
310 631.15 23879.64 7.95 127.71
314 631.24 28752 8.02 127.72
316 630.95 35431.03 7.82 128.63
317 630.87 33455.02 7.63 129.07
318 630.97 35343.99 7.67 128.96
319 630.75 36682 7.59 128.89
320 630.5 31212.8 6.31 128.81
321 630.54 30925.51 6.29 129.12
323 630.53 35011.42 6.37 129.37
324 630.62 29236.35 6.28 132.05
325 630.62 30482.95 6.83 132.47
326 630.61 32561.45 6.4 134.94
328 630.6 28986.9 6.43 136.16
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Table (3-2-4): spectrum of Oxygen (O2) at different temperatures

T(K) A (nm) A(m2) W (nm) I(a.u)
307 630.38 6.33 8357.87 121.82
309 630.39 6.45 8237.15 124.16
310 630.36 6.29 10776.64 105.39
312 630.39 6.34 9984.4 107.28
313 630.33 6.26 10333.1 108.35
317 630.36 6.36 10055.14 111.84
319 630.25 6.29 8871.58 114.79
320 630.1 6.37 10285.94 126.56
322 630.17 6.31 6953.2 126.2
323 630.14 6.37 7661.5 126.12
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Table (3-2-5): spectrum of Nitrogen (N2) at different temperatures

T(K) A (nm) A(m2) W(nm) I(a.u)
307 630.57 13210.75 6.46 106.37
308 631.05 22845 7 106.55
309 631.17 19689.5 7.03 105.14
313 631.14 26622.9 7.06 102.97
318 631.03 37660.7 7.02 101.47
323 631.04 22161.25 7.04 100.71
325 631.02 17831.8 6.99 100.73
326 631.15 20802.4 6.99 100.46
327 631.07 20115.56 7.05 100.21
328 631.05 23555.87 7.12 99.97
329 631.07 13968.94 6.99 101.27
331 631.1 13849.26 7.07 101.94
333 631.13 13601.3 7.07 102
334 631.15 14948.05 7.06 102.37
337 631.01 13328.25 7.02 103.29
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Fig (3-1-1) shows the Relation between Intensity and temperature for Bhutan (),the
curve of this relation resembles that of fig(3-2-4).This means the Bhutan gas the
homogenous repulsive electron gas potential is almost constant compared to
attractive ion potential and temperature. Fig (3-1-2) shows the Relation between
Intensity and temperature for Carbon dioxide (CO2) which has a curve that
resembles the curve in figs (3-2-2)and (3-2-3) .This indicates that the attractive
positive ions looks homogeneous and stable compared to temperature. This is not
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surprising since the gas was heated at the bottom by a heater. This means that the
bottom is hotter than the top part of the gas .Thus the temperature is not
uniformities In Fig (3-1-3) the Relation between Intensity and temperature for
Carbon Monoxide (CO) which is displayed in this fig, resembles the curve of figs
(3-2-2) and (3-2-3). This is not surprising, since for both figures the statistical
distribution is based on the homogeneity of the ionic field and non-homogeneity of
temperature. The non-homogeneity of temperature results again from the fact that
the bottom of the gas exposed to a heater is very hot compared to the top of the
gas. However Fig (3-1-4) shows that the Relation between Intensity and
temperature for Oxygen (O2) can be easily explained by fig (3-2-5) where the
repulsive homogeneous electron field dominates compared the attractive ionic
field. Fig (3-1-5) shows for Nitrogen (N2) it spectrum is displayed by the Relation
between Intensity and temperature. The curve of this relation resembles fig (3-2-1)
which shows homogeneity of temperature compared to less homogenous attractive
crystal field (67).

3.3 Interpretation of the Effect of Temperature on the
Change of Spectra of Atmospheric Gases on the Basis of

Modified Quantum Statistical Equations:

The determination of atmospheric temperature requires a new approach for
temperatures determination by using simple and cheap technology .To perform this
task an attempt was made in this research to relate temperature change to the
change of spectra of some gases which are Bhutan (C;Ho) , Neon (Ne), Fluorine(
F,) and chlorine (CL,). These gas were heated at temperature in the range (300 -
337)K The spectra of these gas were displayed by USB2000 spectrometer. The
result shows appreciable change in the spectral intensity and line width. These
changes was shown to be explained theoretically on the basis of non- equilibrium
statistical physics by using plasma equation and quantum mechanical laws that
relates the photon intensity to atomic and electronic wave functions.
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Table (3-2-1): spectrum of Bhutan (C4Hy,) at different temperatures

T = temperature A= wavelength
| = Intensity A = area W=width
T(K) A (nm) A(m2) W (nm) I(a.u)
300 630.73 4390.43 6.92 126.8
301 630.78 2536.69 6.96 125.89
303 630.83 2282.57 7.07 125.74
305 630.79 1645.95 7.03 125.79
307 630.78 1645.9 7.02 125.79
309 630.84 1855.9 7.16 125.13
311 630.78 1888.66 7.1 124.64
313 630 1698.66 7.03 124.79
315 630.83 1482.01 7.003 124.53
317 630.86 1560.78 7.03 123.96
318 630.84 1717.5 7.04 123.5
319 630.89 2037.01 7.08 123.46
320 630.95 1310.88 6.95 117.62
323 631.01 1265.28 7.02 116.95
324 631.01 1276.02 7.05 116.65
Bhutan Bhutan

130 7.2

% 125 ‘E 71

E 120 z

115 6.9

290 300 310 320 330 290 300 310 320 330
T(K) T(K)

Fig (3-3-1): Relation between Intensity and temperature  Fig (3-3-2): Relation between line width and temperature
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Table (3-2-2): spectrum of Neon (Ne)at different temperatures

T(K) A (nm) A(m2) W(nm) I(a.u)
307 630.66 6071.9 6.41 102.94
312 630.7 2287.59 6.48 103.25
313 630.76 1941.9 6.51 103.04
315 630.74 2111.14 6.46 103.45
317 630.73 3099.17 6.51 103.21
319 630.77 2276.22 6.53 103.26
320 630.78 3762.85 6.46 103.34
321 630.8 3515.7 6.51 103.39
322 630.77 2276.22 6.53 103.25
323 630.77 3179.53 6.48 103.4
Neon (Ne) Neon (Ne)

103.6 6.55 /\

3 1034 A\ = A N\

£ 0 /\/\/V A VAVAL'A

_E 103 » 2 6.45 /

102.8

305

310

315 320

T(K)

325

315
T(K)

320 325

Fig (3-4-1): Relation between Intensity and temperature

Fig (3-4-2): Relation between line width and temperature

Table (3-2-3): spectrum of Fluorine (F2)at different temperatures

T(K) A (nm) A(m?2) W(nm) I(a.u)
304 631.02 6337.97 7.04 100.25
305 630.81 5964.04 6.44 98.63
307 630.9 5565.97 7.11 102.13
309 630.01 444299 7.16 102
311 631.01 5302.56 7.23 101.88
312 630.98 5332.11 7.25 101.52
314 631.06 4669.27 7.23 101.95
316 631.05 5193.09 7.16 101.82
317 631.08 5193.92 7.19 101.37
319 631.04 4549.7 7.2 101.66
321 631.11 3541.63 7.21 102.04
323 631.07 3351.55 7.13 102.3
325 631.08 4702.13 7.18 102.5
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Fig (3-5-1): Relation between Intensity and temperature  Fig (3-5-2): Relation between line width and temperature

Table (3-2-4): spectrum of Chlorine (CL2) at different temperatures

T(K) A (nm) A(m2) W(nm) I(a.u)
301 630.86 15934.5 6.92 122.23
303 630.83 7706.45 7.03 130.73
306 630.96 7478.8 7 124.24
308 630.95 8890.52 7.01 124.92
311 630.88 5738.32 7.08 126.31
313 630.94 5137.66 7.11 127.67
315 630.87 4995.6 7.01 127.81
317 630.88 4764.68 7.11 128.59
319 630.85 6501.06 7.006 129.27
321 630.93 4897.88 7.09 130.43
323 630.72 7777.74 6.88 131.22
325 630.77 6840.38 7.012 132.51
327 630.75 4907.18 6.92 134.15
329 630.75 5803.33 7.001 135.56
330 630.77 2866.74 7.05 137.006
331 630.83 2045.54 7.09 137.77
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The relation between Intensity and temperature for Neon (Ne) see fig. (3-4-1)
resembles that obtained theoretically in equations:

Eq
I = Ioe(m) [siné] . (3-1-1)
Vm
And
I = 1,eTsinCyT .........(3—1-2)
CQZTE

Where:

E.: Kinetic thermal energy, E,: the lost thermal energy, T: temperature, and

Vm: lon potential.

(3-1-5) and (3-1-8) ,for the case when the temperature Is non-uniform[ see fig (3-
7-1)].Thus And the electric static potential is assumed to be uniform. This agrees
with the fact that the gas is heated at the bottom, where it is very hot, while its
temperature at the top is less. The same empirical relation for Ne can be explained
by using quantum mechanics model in Fig (3-8-1).

The model based on semi classical harmonic oscillator and quantum mechanics
explains the effect of temperatures on the line width of the spectrum for the gases
Bhutan (C4H4o), Neon (Ne), Fluorine ( F2) and chlorine (CL2). The comparison of
Figs (3-3-2) with Fig (3-9-2), (3-4-2) with Fig (3-9-3) , (3-6-2) with Fig (3-9-2)
and(3-5-2) with Fig (3-7-2) shows that the theoretical relations of line width with
temperatures resembles the corresponding empirical relation (68).
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3.4 Quantum Heat Flow Model for Heat Flow in Some

Nanotubes:

Using Schrodinger equation for resistive medium a useful expression for heat flow
through Nano tubes has been found. Fortunately, this equation resembles that
obtained by Moran Wang etal, and Hai- Dong Wang teal. The ordinary thermal
conductivity is constant. The effective thermal conductivity temperature dependent
resembles that obtained for carbon Nano tubes and Boron Nitride Nano tubes. It is
also finite at low temperature which also conforms with experimental data for
carbon and Boron. Since Nano materials are described by quantum lows, this new
model is thus more suitable for Nano tubes, as for as it is derived using quantum
laws (69).

3.5 Thermal conductivity coefficients on the base of phonon
model and Einstein energy relation for nanomaterial:

In this work the dependence of phonon speed on temperature is shown to be
affected by the physical constraints on the system. for low speed phonon it is
directly proportional to the square root of temperature ,while for high speed it is
directly proportional to the temperature .however for thermally agitated medium it
Is inversely proportional to the temperature .The latter dependence has been used
to construct a model to find the thermal conductivity coefficient .Where the heat
flow rate by massive phonons together with Einstein energy-momentum relations
have been used to find the thermal conductivity coefficient .This expressions
agrees with the models of Moran-Zeng and Hai-Bing, explain the thermal behavior
of carbon Nano tubes to the conventional more over it one at high temperature
(70).

3.6 The effect of annealing temperature, doping carbon
nanotubes with TiO2, CuO, ZnO and MgO on its

conductivity and electrical primtively:

In this work TiO,, CuO, ZnO, and MgO, were used to dope carbon nano tube at
different annealing temperatures 450, 500, 550, and 600 °C. The spectrum of the
conductivity and dielectric constants were displayed at different annealing
temperatures. It was found that the conductivity and dielectrics constants decrease
when the temperature is increased for all samples except for MgO where they
increase. These relations are explained theoretically (71).
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3.7 The Effect of Annealing Temperature Change on Carbon
Nano Tube Absorption and Refractive Index When Doped

With TIOR2R, CuQO, ZnO and MgO :

Carbon nano tubes were doped with TiO,, CuO, ZnO and MgO at different
annealing temperatures 450, 500, 550 and 600 °C respectively. The absorption
coefficients and refractive index for all samples as function of temperature were
displayed graphically at different wave lengths. It was found that the absorption
coefficient for TiO, and CuO decreases upon increasing temperature, while that of
ZnO and MgO increases with temperature. The refractive index decreases when
temperature increases for all doping component except for MgO, where it
increase.These relations are explained theoretically (72).

3.8 Effects of laser glazing on CMAS corrosion behavior of

Y,0; stabilized ZrO, thermal barrier coatings:
Calcium-magnesium-alumina-silicate (CMAS) is a serious threat to thermal
barrier coatings (TBCs). The goal of this study is to tailor YSZ coating
microstructures by laser for alleviating CMAS attack. A smooth laser glazed layer
with a columnar microstructure and some open channels is produced on the coating
surface. Under molten CMAS conditions, the glazed layer remains phase stability
and has little evidence of dissolution. Exposed to thermal shock tests with CMAS
deposits, the glazed layer keeps structural integrity. However, the open channels
also act as the paths for CMAS penetration, which brings destructive damages to
the coating beneath the glazed layer.

This study confirms that laser glazing is an effective method to alleviate CMAS
attack to APS YSZ TBCs. Compared with the as-sprayed coating, the laser
modified coating has three main microstructural changes, i.e., columnar grains,
smooth surface, and open channels consisting of vertical cracks and inter-columnar
gaps. Exposed to CMAS at 1250 °C for 10 h, the laser glazed layer still keeps
phase stability and has little microstructure degradation. The open channels benefit
the thermal shock performance of the coating due to the enhanced strain tolerance,
but it also acts as the CMAS penetration path. As a result, the glazed layer
becomes dense due to the sintering additive function of CMAS components, and
the coating beneath the glazed layer is severely destroyed based on a issolution/re-
precipitation mechanism. This causes the glazed layer deformation or even
spallation. To explore the possible applications of the laser modified coatings,
future work should be conducted on the laser parameters optimization and the
microstructure design of the laser glazed layer (73).

52



3.9 The Concept of force for thermodynamic frictional

system:

A new thermodynamic first Law is proposed to account for the effect of friction
and gravity force. This Law proposes existence of thermal impulsive force which
produces pressure force and overcomes the frictional and gravity forces. This new
Law is verified experimentally by allowing a cylindrical piston made from AL, Cu,
and fiber glass to move under the action of water vapor thermal force. Strikingly
the empirical relations between the different parameter and physical quantities
concerning thermal, pressure, friction and gravity force agrees completely with the
proposed theoretical ones.This law also in complete agreement with the fluid
energy equation (74).

3.10 The Concept of Energy for Thermodynamics Friction

System:

Using the fluid energy equation, the first Law of thermodynamics for frictional
system in the presence of gravity is formulated. According to this new model
thermal energy is equal to pressure work beside kinetic energy in addition to work
against gravity and frictional energy. This formula is verified experimentally by
deriving a piston, moving inside a cylindrical tube, by water vapor. Three pistons
made from AL, Cu, and fiberglass were used. The piston and cylinder system is
inclined subtend the angles 0, 10, 20... 90, in steps of 10 degree for each reading.
The vapor thermal force tries to push the piston up word against frictional and
gravity force. The relations between kinetic energy with net work done, frictional
and gravity energy is in complete agreement with this new thermodynamic model.
This Law was verified and confirmed experimentally (75).

3.11 Internal heat generation effect on transient natural
convection in a Nano fluid-saturated local thermal non-

equilibrium porous inclined cavity:

The aim of the study is to analyze the convective flow and heat transfer of Nano
fluid in an inclined cavity filled with heat generating porous medium using the
local thermal non-equilibrium model. The horizontal bottom wall of the cavity is
maintained at a constant higher temperature while the left and right vertical walls
are maintained at a constant lower temperature. The top wall is to be kept as
adiabatic. The Darcy model is adopted for flow through the porous medium and
the Boussinesq approximation is taken into account. The pores are saturated by a
water-based Nano fluid consisting of Cu nanoparticles. The governing equations
are solved iteratively by finite difference based Alternating Direction Implicit
(ADI) method. The average heat transfer rate decreases when increasing the values
of nanoparticle volume fraction for the case of high Rayleigh numbers. The heat
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transfer rate is enhanced by increasing values of the modified conductivity ratio
and the porosity of the media.

The transient and internal heat generation effects on convective flow and heat
transfer of Nano fluid in an inclined porous cavity using the LTNE model are
numerically examined. The governing equations are solved iteratively by the
Alternating Direction Implicit method. According to this study the flow speed
increases by increasing the internal heat generation parameter and these results in
the enhancement on heat transfer. The flow pattern is changed drastically when
changing the inclination of the cavity. The weighted-average Nusselt number
increases as solid-volume fraction increases for low values of Rayleigh number
and it decreases as solid-volume fraction increases for high values of Rayleigh
number.

(d) The weighted-average Nusselt number decreases when increasing the values of
the dimensionless heat generation (Q). The weighted-average Nusselt number
enhances with increased the values of modified conductivity ratio, porosity of the
medium and solid volume fraction (76).

3.12 X-ray diffraction and thermodynamics Kinetics of SiB 6

under gamma irradiation dose:

In the work of M.N. Mirzayev silicide hexaboride (BsSi) was irradiated with 60Co
at room temperature to study the structural changes and weight kinetics.

The B6Si samples were irradiated using a gamma source with a dose rate (D) of
0.27 Gyl/s. At adsorption dose range of 9.7, 48.5, 97, 1455 and 194 kGy. The
samples were analysed using X-ray diffraction (XRD) and Energy dispersive
spectroscopy (EDS) to study the microstructural and composition changes. The
XRD results showed the crystalline structure for the sample before and after
irradiation (with gamma irradiation dose 9.7, 48.5 and 97 kGy). Amorphization of
the sample began at the gamma irradiation dose of 145.5 kGy. Increase in gamma
irradiation dose had an inverse effect on the activation energy and had a directly
proportional effect on the lattice volume.

The effect of irradiation of BsSi and determining the energy state of the system
before and after gamma irradiation was investigated. XRD and EDS were used to
analyse the microstructural changes. A change in the lattice parameters was
observed due to irradiation. The lattice volume of the B6Si sample was observed to
increase with increase in gamma. irradiation dose. The increase in volume was
attributed to the stress/stain experienced by the samples due to increase in gamma
irradiation dose. A structural change from crystalline to amorphous state after
irradiation was observed. Low irradiation dose (9.7 kGy, 48.5 kGy and 97 kGy)
retained the crystalline structure while 145.7 kGy partial amorphization of the
material was observed. Irradiating at 194 kGy led to an increase in amorphization

54



on the B6Si. At 145.5 kGy a processes of oxygen chemisorption was observed to
increase by 1.5%.After gamma irradiated of the samples, two energy barrier states
were created. The first energy barrier changed from 0.14 eV (0 kGy) to 0.26 eV
a(197 kGy) and second energy barrier changes from 0.22 eV (0 kGy) to 0.46 eV
(197 kGy) at room temperature (77).

3.13 Thermodynamics kinetics of boron carbide under

gamma irradiation dose:

In this paper, high purity boron carbide samples were irradiated by *°Co gamma
radioisotope source (0.27 Gy/s dose rate) with 50, 100, 150 and 200 irradiation
hours at room-temperature. The unirradiated and irradiated boron carbide samples
were heated from 30 °C to 1000 °C at a heating rate of 5 °C/min under the argon
gas atmosphere of flow rate 20 ml/min. Thermo gravimetric (TG) and Deferential
Scanning Calorimetry (DSC) were carried out in order to understand the
thermodynamic kinetics of boron carbide samples. The weight Kinetics, activation
energy and specific heat capacity of the unirradiated and irradiated boron carbide
samples were examined in two parts, T < 650 °C and T >650 °C, according to the
temperature. The dynamic of quantitative changes in both ranges is deferent
depending on the irradiation time. While the phase transition of unirradiated boron
carbide samples occurs at 902 °C, this value shifts up to 940 °C in irradiated
samples depending on the irradiation time. The activation energy of the
unirradiated boron carbide samples decreased from 214 to 46 J/mol in the result of
200 h gamma irradiation. The reduction of the activation energy after the
irradiation compared to the initial state shows that the dielectric properties of the
irradiated boron carbide samples have been improved. After the gamma irradiation,
two energy barrier states depending on the absorption dose of samples were
formed in the irradiated samples. The first and second energy barriers occurred in
0.56{0.80 and 0.23{0.36 eV energy intervals, respectively. The existence of two
energy levels in the irradiated boron carbide indicates that the point defects are at
deep levels, close to the valence band.

TG and DSC were carried out in order to understand the behaviors of the ther-
modynamic Kinetics of boron carbide samples. All thermophysical parameters
were determined based on the heat flow rate. The weight kinetics of unirradiated
boron carbide samples were investigated in the two temperature intervals as T
<623 °C and 674 < T <950 °C. The inverse relationship is obtained between the
weight kinetics and heat flow rate for unirradiated boron carbide samples in the
range of T <623 °C. The weight loss was observed in this temperature interval due
to chemisorption reactions. The weight loss was obtained around 11.3% for
unirradiated samples. In addition, the weight loss of irradiated boron carbide
samples increased upto 9.1% with increasing irradiation time. On the other hand,
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the weight of the unirradiated boron carbide samples showed an increase of 10% in
the temperature range of 674 <T <950 °C. This value reached 12% of the aximum
with 200 h gamma-irradiated boron carbide samples. It is considered that this
increase is dependent on the occurrence of the oxidizing of boron carbide due to
the chemical reaction between B4C and oxygen at the interface of B4C/B203. The
experimental results showed that the activation energy of the irradiated boron
carbide samples decreased 4.65 times compared to the initial state in the result of
200 h gamma irradiation. It can be concluded that the dielectric properties of the
irradiated boron carbide samples have been improved after gamma irradiation. The
specific heat capacity and energy of area in irradiated boron carbide samples
increased with increasing irradiation time and temperature. The phase transition of
unirradiated boron carbide sample was determined to be 902 °C. Depending on the
irradiation time of irradiated boron carbide samples, the phase transition
temperature of irradiated boron carbide samples ranges from 933 °C to 940 °C.
After the gamma irradiation, two energy barriers are formed in the irradiated
samples depending on the absorption dose of the samples. The first and second
energy barriers emerged at 0.56-0.80 and 0.23-0.36 eV energy ranges, respectively.
The presence of two energy levels in the irradiated boron carbide indicates that the
point defects are close to the valence band at deep levels (78).

3.14 Gamma ray shielding by a new combination of

aluminum, iron, copper and lead using MCNP5:

Different materials are used for the radiation shielding in different areas and for
different situations. In this study, a shielding material contains aluminum, iron,
copper and lead was simulated as shielding for gamma radiation. This work is
concerned with four alloys with different concentrations of the four given materials
to get shielding material with high efficiency, and at the same time light to be
easily portable and stored. The samples were irradiated by simulated photons
emitted from 137Cs radioactive point source with 662 keV. The photon linear
attenuation coefficients were calculated using MCNP5 computer code for the
simulated shielding materials. Calculated values of attenuation coefficients and
Half Value Layer of the all studied samples were compared with each other and
with lead as a standard material used in shielding. Consequently, a new shielding
material could be preferred as shielding materials against gamma radiation
especially sample 4. A cylinder of about 5 cm thickness which is suitable to shield
gamma rays emitted by Cs-137 source. The mass of a simulated container from
sample 4 is not exceeding 22.5 kg comparing with 32.53 kg of pure lead. It is easy
to be handled and stored in laboratories.

A new combination of shielding materials were developed using different
compositions from aluminum, iron, copper and lead. The linear attenuation
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coefficients, mass attenuation coefficients and the HVL of the selected material
showed that the alloys used in this study may be preferred as shielding materials
against gamma radiation. This work shows that sample No. 4was the best
composition alloy for shielding purpose of 137Cs gamma rays source.

Finally, it is vital to follow the good geometry conditions in measuring the
attenuation characteristics of a shielding material which is successfully achieved
with computer-based model such as MCNP (53).

3.15 Thermodynamics of an austenitic stainless steel (AISI-

348) under in situ TEM heavy ion irradiation:

The stability of the face-centred cubic austenite (y-Fe) phase in a commercial
stainless steel (AISI-348) was investigated through in situ transmission electron
microscopy (TEM) with heavy ion irradiation at 1073 K up to a fluence of 1.3x10
" jons.cm™ (corresponding to a dose of 46 dpa). The y-Fe phase was observed to
decompose at a fluence of around 7.8x10" ions.cm™ (3 dpa) when a new phase
nucleated and grew upon increasing irradiation dose. Scanning transmission
electron microscopy (STEM) with energy dispersive X-ray (EDX) spectroscopy
and multivariate statistical analysis (MVSA) were used to haracterize the irradiated
specimens. The combination of such experimental techniques with calculated
equilibrium phase diagrams using the CALPHAD method led to the conclusion
that the new phase formed upon irradiation is the body-centred cubic Cr-rich &
phase. At the nano scale, precipitation of M,;Cs (t-carbide) was also observed. The
results indicate that ion irradiation can assist the austenitic stainless steel to reach a
non-equilibrium state similar to a calculated equilibrium state observed at lower
temperatures (79).

3.16 Development of Gamma-based Nondestructive Testing

System for Thickness Measurement:

In this work, a simple gamma transmission-based nondestructive system has been
developed for scanning thickness defects in flat rolled products and discriminated
samples with respect to their density. Based on radiation attenuation, the study
involved the measurement of the thickness in centimeters scales for a flat sheets

of Alumina ceramic, borated glass, aluminum and iron. The practicality of using
the system to detect thickness flaws in millimeter range was calculated considering
a scenario that a thickness change by 1mm is present along the sheet of each
sample. This is done through the assessment of the degree of transmitted
attenuation experienced by a beam of high energy ionizing radiation, such as
241Am directed perpendicular to the planar surface of the material. The results
confirmed the sensitivity of the system for detection of flaws in both thickness
scales.The sensitive of the system is about 1mm .
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These results demonstrate clearly the possibility of using the proposed gamma-
transmission- based sensor for thickness detection in millimeters ranges. A change
by 1mm for all four samples produced detectable transmitted flux(80).

3.17 DEVELOPMENT OF GAMMA-BASED
NONDESTRUCTIVE TESTING SYSTEM FOR
MATERIAL DISCRIMINATION:

In this work, a simple gamma nondestructive system has been developed for
discriminating samples with respect to their spectrum . Based on radiation spectra
of Alumina ceramic, borated glass, aluminum and iron. The variation of the
transmitted intensity with energy was considered to explore the possibility of
discrimination between materials under test. The spectra haracteristic peaks of
Alumina ceramic, borated glass, aluminum and iron was found to be 13kev, 40eV,
20eV ,and 17eV respectively

The gamma non destructive system can be utilized to determine the sample
elemental content. Thus it can act as a simple economical spectrometer (81).
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Chapter Four
Materials and Methods

4.1 Introduction:

The materials used in this work and the experimental procedures and methodology
are all exhibited in this chapter.

4.2 Apparatus:

The following apparatus were used in the experiments

- lron

- Aluminum

- Copper

- Gum Arabic

- Micrometer

- Sand paper

- Geiger-Muller Counter
- Geiger —Muller Tube

- Oven

- Gamma source (Cobalt-60)
- Lead Shielding’s

- Digital thermometer

4.3 Samples preparing:

We processed three samples of materials, aluminum, iron and copper, in the form
of shavings as shown in figure (4-1). Then we made six samples of each material
by mixing the shavings with the Gum-Arabic and putting it in a piston (figure 4-2)
to get us a disc shape after figure (4-3). Copper and Iron samples analyzed by X-
Ray Fluorescence (XRF) and we found that the sample of Iron contains (99% of
Fe and 1% Ti) , and the sample of Copper contains (61% Cu, 31% Zn, 5%Pb, and
3% Fe)
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Figure (4-1-1): Aluminum shavings

Figure (4-1-2): Iron shavings

Figure (4-1-3): Copper shavings



Figure (4-2): Piston

Figure (4-3-1): Aluminum + Gum-Arabic After compressing in the piston

Figure (4-3-2): Iron + Gum-Arabic After compressing in the piston
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Figure (4-3-3): Copper + Gum-Arabic After compressing in the piston

The samples were left to dry in the shade, and then we scratch each sample to
reach the required thickness (5mm for aluminum, 4mm for copper, and 3mm for
iron).

4.4 Method:

We put each disk in front of the gamma-ray source (at room temperature) and we
put a GM tube in the other direction so we could measure the intensity of the
radiation penetrating the disk figure (4-4). Every time we put on an extra disc with
the first disk to increase the thickness and measure the radiation intensity that
penetrates the samples (we take six samples of each material).

We repeated this process, with heating the samples to (40, 50, 60, and 70)°C.
During this experiment, we took care of radiation protection by using lead
shielings, so that the experiment can be as perfect as possible.

62



Figure (4-4-2): Experiment
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Chapter Five

Results, Discussion and Conclusion

5.1 Introduction:

In this chapter one exhibit the results made for the measurements of gamma
radiation intensity emerged from samples of Al, Fe, and Cu having different
thicknesses at different temperatures. Discussion and conclusion are presented
also in this chapter.

5.2 Results:
After the experiment was completed, we got the results in the following tables.
Table (5-1-1): The count rate of Gamma —ray penetrating Aluminum samples

at room temperature and after heating

Thickness | Counter Counter Counter Counter rate Counter

(mm) rate rate rate (cps) rate
(cps) (cps) (cps) 60°C (cps)

Tc=24°C 40°C 50°C 70°C

5mm 3.3 1.1 1.2 1.31 1.45
10mm 2.85 1.05 1.1 1.21 1.38
15mm 2.6 1 1.08 1.13 1.18
20mm 2.31 1.2 1.2 1.24 1.16
25mm 1.9 0.61 0.76 0.83 1.11
30mm 1.85 0.88 0.7 1.03 0.98
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Table (5-1-2): The count rate of Gamma —ray penetrating Iron samples

at room temperature and after heating

Thickness | Counter Counter | Counter rate | Counter rate Counter

(mm) rate rate (cps) (cps) rate
(cps) (cps) 50°C 60°C (cps)

Tc=24°C 40°C 70°C

4mm 2.18 2.08 211 2.2 2.43
8mm 1.9 2.05 2.08 2.15 2.16
12mm 1.8 1.93 1.63 1.7 1.81
16mm 1.75 1.35 1.33 1.18 1.33
20mm 1.58 1.73 1.3 1.5 1.35
24mm 1.43 1.08 1.28 1.6 1.66

Table (5-1-3): The count rate of Gamma —ray penetrating Copper samples

at room temperature and after heating

Thickness | Counter Counter | Counter rate | Counter rate Counter

(mm) rate rate (cps) (cps) rate
(cps) (cps) 50°C 60°C (cps)

Tc=24°C 40°C 70°C

3mm 4.26 7.33 1.7 7.78 7.63
6mm 4.01 5.06 5.26 5.31 5.53
9mm 3.58 2.75 3.21 3.6 3.65
12mm 3.45 2.35 2.45 2.68 3.16
15mm 2.7 2.36 2.56 281 2.95
18mm 0.98 1.45 1.58 1.78 1.9
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Table (5-2-1): Attenuation coefficient and HVL for Aluminum samples

Thickness | Tc=24°C 40°C 50°C 60°C 70°C
(mm) Hir |HVL: | e |HVL | s |HVLs | s |HVLs | ps | HVLs

smm 0.146 | 4.747 | 0.366 | 1.893 | 0.349 | 1.986 | 0.331| 2.094 | 0.311 | 2.228

10mm | 0.088 | 7.875 | 0.188 | 3.686 | 0.183 | 3.787 | 0.174 | 3.983 | 0.160 | 4.331

15mm | 0.065 | 10.662 | 0.128 | 4.414 | 0.123 | 5.634 | 0.120 | 5.775 | 0.117 | 5.923

20mm | 0.054 | 12.833 | 0.087 | 7.966 | 0.087 | 7.966 | 0.086 | 8.058 | 0.089 | 7.787

25mm | 0.051 | 13.588 | 0.097 | 7.144 | 0.088 | 7.875 | 0.084 | 8.250 | 0.073 | 9.493

30mm | 0.044 | 15.750 | 0.068 | 10.191 | 0.076 | 9.118 | 0.063 | 11.000 | 0.065 | 10.662

Table (5-2-2): Attenuation coefficient and HVL for Iron samples

Thickness Tc=24°C 40°C 50°C 60°C 70°C
(mm)

MLt HVL: | Mo HVL, Hiz | HVL3 Hia HVL, Mis HVLs

4mm 0.287 | 2.415 | 0.298 | 2.326 | 0.295 | 2.349 | 0.284 | 2.440 | 0.259 | 2.676

8mm 0.160 | 4.332 | 0.151 | 4.589 | 0.149 | 4651 | 0.145 | 4.779 | 0.144 | 4.813

12mm 0.111 | 6.243 | 0.106 | 6.538 | 0.120 | 5.775 | 0.116 | 5.974 | 0.111 | 6.243

16mm 0.085 | 8.153 | 0.102 | 6.794 | 0.103 | 6.728 | 0.110 | 6.300 | 0.103 | 6.728

20mm 0.073 | 9.493 | 0.069 | 10.043 | 0.083 | 8.349 | 0.076 | 9.118 | 0.081 | 8.556

24mm 0.065 | 10.662 | 0.077 | 9.000 | 0.070 | 9.900 | 0.060 | 11.550 | 0.059 | 11.746

Table (5-2-3): Attenuation coefficient and HVL for Copper samples

Thickness Tc=24°C 40°C 50°C 60°C 70°C
(mm) MLy HVL; | pe |HVL:| ps |HVLs | p |HVLs | ps | HVLs

3mm 0.433 |1.6000 | 0.252 | 2.750 | 0.236 | 2.936 | 0.232 | 2.987 | 0.239 | 2.900

6mm 0.227 | 3.052 | 0.188 | 3.686 | 0.181 | 3.829 | 0.180 | 3.850 | 0.173 | 4.006

9mm 0.164 | 4.226 | 0.193 | 3.591 | 0.176 | 3.938 | 0.163 | 4.252 | 0.161 | 4.304

12mm | 0.126 | 5.500 | 0.158 | 4.386 | 0.154 | 4.500 | 0147 | 4.714 | 0.133 | 5.211

15mm 0.117 | 5.923 | 0.126 | 5.500 | 0.121 | 5.727 | 0.114 | 6.079 | 0.111 | 6.243

18mm | 0.154 | 4500 | 0.132 | 5.250 | 0.127 | 5.457 | 9121 | 5.727 | 0.117 | 5.923
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5.3 Discussion:

The relation between count rate (I) and temperature (T) for Al in fig (5-1-1) shows
exponential decrease as well as with thickness as shown in fig (5-2-1). This
relation can be easily explained using non thermal equilibrium statistical laws. This
relation may be attributed to the fact that increasing temperature increases the
frequency of vibration of atoms which increases the collision rate with gamma
photons thus decreases the emergent gamma radiation. These relations resembles
the quantum relations for intensity obtained Rehab in her paper in fig. (3-7-2),
where

I =Ie TsinnT
Here in our work for thickness (x) one replace the temperature by (x) As far as:
I == Ioe_ﬁx

The same explanation can hold for the change of count rate of iron (Fe) with
thickness in fig. (5-2-2). Here in all these cases the curves resemble the part from
(0-2) in fig. (3-7-2). However, the change of count rate with temperature for (Fe) in
fig. (5-1-2) resembles the part of fig. (3-7-2) for (T) from (2-8).

However, the change of copper (Cu) count rate with temperature and thickness in
figures (5-1-3) and (5-2-3) shows also decrease of count rate upon increasing
temperature (T) and thickness (x). This can be explained using the same arguments
that used for Al and Fe. The empirical relation resembles that of fig. (3-7-2) in the
range (1-1.5).

The change in of attenuation coefficient with temperature of Al in fig. (5-5-1) for
all thicknesses show increase in the temperature range (20-40) then gentle decrease
after that but it's not as value as it was at room temperature. This may be due to the
fact that the increase of temperature in the range (20-40) causes light elements to
evaporate this increases intensity which increases attenuation coefficient which
usually increases with density. This density decrease can be observed by Fourier
Transformer Infrared (FTIR) Figs (5-10-1) and (5-10-2). However, further increase
causes the metal to expand thus decrease density of atoms which in turn decreases
attenuation coefficient
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Figure (5-10-1): FTIR for Aluminum + Gum Before heating

Figure (5-10-2): FTIR for Aluminum + Gum After heating




Fig. (5-5-2) shows that the attenuation coefficient of (Fe) decreases upon
increasing the thickness of the samples increases the number of atoms that emit
gamma photons, which increases the number and energy of the transmitted number
of photons. This of course decrease attenuation coefficient. The change of the
attenuation coefficient of iron (Fe) in fig. (5-4-2) for all thicknesses is almost
constant. This means that the temperature change does not affect density or
scattering probability. However, the attenuation coefficient for (Fe) decreases with
thickness for all temperatures as shown in fig. (5-4-2), this can be explained using
the same arguments that used for (Al). Also FTIR were made to Cu sample sa
shown in figs. (5-11-1) and (5-11-2).

Figure (5-11-1): FTIR for Iron + Gum Before heating
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Figure (5-11-2): FTIR for Iron + Gum After heating

The change of attenuation coefficient of copper (Cu) with temperature in figure (5-
5-3) shows that it decreases upon increasing temperature. Figure (5-4-3) for the
change of attenuation coefficient of (Cu) with thickness, indicates also decrease of
attenuation coefficient upon increasing the thickness. This can again explained as
before. But fortunately these relations can be easily explained using non-
equilibrium statistical laws derived from plasma and quantum equations. It is very
interesting to note that. Like Al and Fe figs. (5-12-1) and (5-12-2) shows FTIR for
Copper.

Fig. (5-3-1) shows the comparison between the count rate of (Al, Fe, and Cu) at
room temperature with thicknesses we note the count rate of Al decrease from
3.3c/s to 0.98c/s, Fe decrease from 2.18c/s to 1.43, and Cu decrease from 4.26¢/s to
0.98c/s. From these values we note that the decreasing of count rate for Cu is very
sharp than Al and Fe. Fig. (5-3-2) shows the comparison between the count rate of
(Al, Fe, and Cu) at 70°C with thicknesses we note the count rate of Al decrease
from 1.45c/s to 0.98c/s, Fe decrease from 2.43c/s to 1.66, and Cu decrease from
7.63c/s to 1.9¢/s. From these values we note that the decreasing of count rate for
Cu is very high because Cu has lower specific heat, and lower density of electrons.
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Figure (5-12-1): FTIR for Copper + Gum Before heating

Figure (5-12-2): FTIR for Copper + Gum After heating




Fig. (5-6-1) shows comparison between the attenuation coefficients of Al, Fe, and
Cu at room temperature, and we note that the attenuation coefficient of Al change
from 0.146 to 0.311, Fe change from 0.287 to 0.065, and Cu change from 0.433 to
0.154.Attenuation coefficient of Cu is high than Al and Fe, and the manner of three
element similar they decrease then a slight increase occur. Fig. (5-6-2) shows
comparison between the attenuation coefficients of Al, Fe, and Cu at 70°C. Iron is
almost unchanged because it has a small thermal conductivity and its heat
expansion is slow compared to aluminum and copper. In addition, Fe and its
compounds always tend to be more magnetic than optical and electrical and are
easy to magnify.

In a similar way, figures (5-7-1), (5-7-2), (5-7-3), (5-9-1), and (5-9-2) can be
explained for Half VValue Layer (HVL) for three elements.

5.4 Conclusion:

The change of temperature of Al, Fe, and Cu samples which makes it in non-
equilibrium state changes its attenuation coefficient with both temperature and
thickness. The attenuation coefficient decreases and sometimes remains almost
constant with slight decrease upon increasing temperature and thickness.
Fortunately these changes can be described using non-equilibrium distribution laws
derived from plasma and quantum laws for resistive medium.
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