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ABSTRACT

Due to the development of nuclear technology and use of technologies in various 

fields of industry, medicine and research . Protection against ionizing radiation is one of the 

most important topics in this field. The purpose of this work is to reduce the dose rate from 

radioactive sources. The exposure to gamma radiation is leading to several health effects as the 

result of absorption by the human body. The frequently used shielding material for gamma rays is 

lead. In spite of its effectiveness and high mass attenuation coefficient, lower weight gamma 

shielding materials are required.

In this work, the effectiveness of three materials: carbon, cement and mixture (50% carbon 

+ 50% cement) was studied and compared to that of lead. The results were obtained in terms of 

the variations of the transmitted intensity. This is done using a gamma spectroscopy system.
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ى ص خل ست م

 من فالوقاية وغيرها والبحثية و ,الصناعية الطبية المجاالت من كتير في واستخدامها النووية انتكنولوجب' لنحور نطن

ع ;ا  من الجرعة معدل تقليل هو الدرسة هذه من والفردض المجال. هذا في جدا المهمة الموإصيع من اصبحت ثوبنه ؛ت ء ١ت

ألشل٠ ص قبل من االشعاعات هده المتصاص نتيجة الصعحية االثار من المزيد الي يؤدي قاما الشعاعات والتعردنى . ألمشعه اذم

ز أ ط ي ا ب ر ش ٠ب

د من ب:رشم مقاربة وزبا أقل مادة اليجاد نتطلع استخدامه) الشائع العنصر (قاما اشعة توهين في انرصاص عنصر نيةف

قاما. اشداعات من واقي كدرع نعتخدم 'لىل٠بذرص

(وهي مواد ثالث فدنية نحتبز انبحث هذا في )والكربون االسمنت مادتي من الوزن متساى وخليط األسمنت ١ كربورا :

٠ النافذة الشدة اختالفات حسب التجارب نتائج علي الحصول تم قاما مطيافية جهاز زستخادم .يلرصاهر رنته ومع
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Chapter One 

Introduction

1.1 Radiation Shielding

The word radiation was used until about 1900 to describe electromagnetic waves . 

Today, radiation refers to the whole electromagnetic spectrum as well as to the atomic and 

subatomic particles that have been discovered. [V] Radiation is classified into two main 

categories, non-ionizing and ionizing, depending on its ability to ionize matter. Ionizing 

radiation consists of subatomic particles or electromagnetic waves that are energetic

enough to detach electrons from atoms or molecules, ionizing them. [21]

Non-ionizing radiation cannot ionize matter because its energy is lower than the ionization 

potential of matter. Ionizing radiation can ionize matter either directly or indirectly because 

its energy exceeds the ionization potential of matter. It contains two major Categories: 

Directly ionizing radiation (charged particles) electrons, protons, alpha particles, heavy 

ions. Indirectly ionizing radiation (neutral particles) photons (x rays, gamma rays), 

neutrons .Directly ionizing radiation deposits energy in the medium through direct 

Coulomb interactions between the directly ionizing charged particle and orbital electrons 

of atoms medium.

Indirectly ionizing radiation (photons or neutrons) deposits energy in the through a two- 

step process: In the first step a charged particle is released in the medium (photons release 

electrons or positrons, neutrons release protons or heavier ions.) .

In the second step, the released charged particles deposit energy to the medium through 

direct Coulomb interactions with orbital electrons of the atoms in the medium. [2]

Directly ionizing radiation interacts very strongly with shielding media and is therefore 

easily stopped. By contrast, indirectly ionizing radiation, may be quite penetrating and the 

shielding required may be quite massive and expensive.
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Along with understanding of the characteristics and potential benefits of different types of 

radiation came awareness of their potential harm. Thus from the need for protection was 

radiation shielding design and analysis born.

Radiation shielding serves a number of functions. Foremost among these is reducing the 

radiation exposure to persons in the vicinity of radiation sources. Shielding used for this 

purpose is named biological shielding. Shields are also used in some reactors to reduce the 

intensity of y-rays incident on the reactor vessel, which protects the vessel from excessive 

heating due to y-ray absorption and reduces radiation damage due to neutrons. These 

shields are named thermal shields. Sometimes shields are used to protect delicate 

electronic apparatus that otherwise would not function properly in a radiation shield. Such 

apparatus shields are used, for example, in some types of military equipment. [3]

1.2 Objectives of the research

This work investigates of the low weight materials for gamma shielding. The 

effectiveness of the shielding material is determined by the interactions between the 

incident radiation and the atoms of the absorbing medium. The interactions which take 

place depend mainly upon the type of radiation, the energy of the radiation, and the atomic 

number of the absorbing Medium.

This work aims to evaluate the performance of carbon, cement and mixture (50% carbon 

+ 50% cement) in attenuating Cs- 622 kev gamma ray photons.

Furthermore, the work compares the effectiveness of the proposed materials with Lead as 

commonly used shielding material.

1.3 Hypothesis o f research

Lead is usually recommended as an effective material for gamma shielding. In this 

work we hypothesized that Cement, Carbon or mixture (50% carbon + 50% cement) may 

provide on option for low weight shielding materials, but the particularity of using lead is

limited by its weight.
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1.4 R esearch  M ethodology

The output of the scintillation counter is connected to the MCA box and to the high 

-  voltage power supply. In this experiment the source, the absorber, and the detector were
* I ' 7arranged along a straight line, the gamma ray system consist of radioactive source Cs

(662 keV). The intensities of gamma ray measured by using NAI (TI) (559912 

WR03100238) scintillation detector.

The method way based on the decomposition of the response into various parts 

associated with the various interaction process in the detector., the physical thickness (cm) 

of a given type of shielding material required to reduce the gamma radiation intensity to a 

desired level (ratio of I/ro) can then be calculated by solving the shielding equation for I 

= I0 exp(-px) and recorded the spectrum of background and for each material .

1.5 S ignificance o f th e  re sea rch
The importance of this research is to provide low weight shielding materials, in 

some applications, given the additional need for weight reduction and practical 

considerations, there is a need for multifunctional materials which could perform structural 

or other roles while providing good radiation shielding capability. The proposed materials 

generally evaluated as environmental — friendly material, with reasonable radiation

absorption coefficient and good attenuation.

1.6 L im ita tio n s of the  study

The results of this work are limited by the number and type of materials 

investigated. Only cement, carbon, were tested.

Further measurements are required to study the performance of other low- weight, cement 

-  based shielding materials.
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Chapter Two 

Theoretical Background

2.1 Radiation in general

Man is exposure to radiation from the creation of the earth. The main types of 

radiation are primordial or terrestrial, cosmogenic and anthropogenic natures (man-made) 

are all present in environmental. Primordial radionuclide 40K, 238U and 2j2 Th are left over 

when the world and universe were created. They are long live radionuclides with half-life 

often of the order of hundred million years. Radioactive elements are decay through 

several way such as emission of alpha particle, beta particle, x and gamma rays ... etc. [5 

Alpha (a) is nucleus of helium atom with 2 protons and 2 neutrons, emitted from heavy, 

unstable nuclei in a transmutation, with conservation of total charge Z and mass number 

A. While easily absorbed themselves, their emission is frequently accompanied by more 

penetrating betas, and by still more penetrating gammas. (6)

Betas (P) also involve nuclear transmutation, radioactivity occurs when a nucleus emits an 

electron or positron from an unstable radioactive nucleus, and this happens when the 

nuclide has an excess of neutron or proton.

n -> p+ (P-) +v- (2.1)

P —> n+ (P+) + v (2.2)

Where (v, v") are neutrino and antineutrino. The ejected high energy electron from the 

nucleus and denoted by(P~) to distinguish it from other electrons denoted by (e-).Beta 

particles have a continuous spectrum of energies between zero and some maximum value 

in range from few keV to few tens MeV, (the endpoint energy is characteristic of that 

nuclide). The fact that the beta particles are not mono energetic but have a continuous 

energy distribution up to a definite maximum energy, implies that there is another particle 

taking part of the energy (e.g. the neutrino v). ( 18)
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Gammas (y) do not involve nuclear transmutation, but a change in state like that involving 

atomic photon emission, with the high energy nuclear photon emission maintaining the 

total energy balance. [6]

2.2 Electromagnetic radiation

Gamma rays are energetic (> 10 keV) electromagnetic radiations produced by 

radioactive decay or other nuclear or subatomic processes. Although of the same nature, 

hard X-rays and gamma rays are termed due to their different origin: the first are due to 

energetic electron processes, the latter are produced by transitions within the atomic nuclei. 

Two sources of gamma rays are commonly distinguished, gamma-rays following beta or 

alpha decay and gamma-rays following nuclear reactions.

The first source is not a primary decay process but usually accompanies alpha and beta 

decay. Typically this type of radiation arises when the daughter product resulting from 

alpha or beta decay is formed in an excited state. This excited state returns very rapidly 

(< I O'9 s) to the ground state through the emission of a gamma photon. (18)

2.2.1 Production o f gamma’s in nuclear reactions
Direct and indirect production of y in nuclear reactions, the first one is illustrated in below 

equation:

d  +  \ t i y  +  3 ^ ‘ ( 2 -3 )

And the second occurs in two steps, often between a low-Z ion (for example: a-particle) 

colliding with a high-Z (impurity) atom, leaving the atom in an excited state and whose de

excitation gives rise to a gamma-ray photon of characteristic energy, as for example [7J:

\ a  +  \B e  -» 12C* +  In  (2.4)
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2.3 Interactions of Gamma ray with M atter

Because it is not charged, gamma does not interact by coiumbic force, but rather 

only by interaction with an electron. The two most common interactions are the 

photoelectric effect and Compton scattering effect. The probability of these events depends 

on the absorbing medium and the photon energy.

The photoelectric effect predominates for low energy photons (less than 100 keV). Its 

probability increases dramatically with Z. The Compton Effect predominates for moderate 

to high energy photons (more than 100 keV). These facts drive our selection of shielding 

materials.

Photons can also interact by coherent scattering, pair production which predominates in 

energy above 1.02 M e V . Coherent scattering is generally n o t o f  in te re s t in radionuclide 

laboratory setting and will not be discussed.

2.4 The detector
The function of the detector is to produce a signal for every particle entering into 

it. Every detector works by using some interaction of particles with matter Following is a 

list of the most common detector types:

Gas-filled counters (ionization, proportional, Geiger-Muller counters), Scintillation 

detectors, Semiconductor detectors and Thermo luminescent dosimeters (TED).The signal 

at the output of most detectors is a voltage pulse. [1 ]

2.4.1 Gamma ray spectrometry
Gamma ray spectrometry is a powerful tool for the monitoring and assessment of 

the emitted gamma radiation from radioactive materials in the environment. In gamma ray 

spectrometry, the most common used detectors are sodium iodide (Nal) scintillation 

counters and high-purity germanium detectors. Sodium iodide system is composed of 

detector, pre-amplifier, amplifier, multichannel analyzer, display screen and printer as it 

shown in fig (2.1). [4]
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Fig. 2.1 Sodium iodide spectroscopy system
From the fig (2.1) there are three aspects of radiation detection. The first aspect is the 

interaction of radiation with matter within the detector's sensitive volume. The second step 

is to observe the products of the interaction to get some measurable physical quantity, 

which is often an electrical signal. The third stage is the signal processing system, which 

extracts useful information from the measurements. That aspect can be summarized as a 

black box of electronics and computers which processes the electrical signal. 19]

2.4.2 Scintillation detector
In a scintillation detector the gamma ray passes into an organic or inorganic crystal 

where it interacts with the atoms of the crystal by one of the three interactions. The result 

of these interactions are the production of charged particles (electrons and gammas) and 

scattered gammas. The scattered gammas travel a distance through the crystal which 

depends on their energy and they may or may not interact again before leaving the 

crystal.[10]

In the photoelectric effect and pair production all of the gamma ray energy in converted to 

electron (or positron) energy. Path lengths of charged particles are short so there is a good 

chance for all of the energy being absorbed in the crystal. In Compton scattering, however, 

part of the energy is converted to electron energy and part remains in the scattered photon. 

The scattered photon may interact again in the crystal by a second Compton scattering or 

by photoelectric absorption, but in some cases the scattered gamma ray escapes the crystal, 

carrying its energy with it Gamma rays may be detected in a number of ways, including 

gas-filled counters, solid-state detectors, and scintillation detectors. This experiment 

makes us of a scintillation detector.
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The charged particles travel a relatively short distance through the crystal leaving behind a 

trail of exited atoms. A few materials will emit light in the IJV and visible wave lengths as 

the excited atoms return to the ground state. These “scintillations” are detected by a multi

channel analyzer attached to the crystal. Materials to be used as scintillators must of course 

be transparent to their own light so that it can be seen by the photomultiplier.!' 10] In this 

experiment has been used an inorganic crystal, Nal, as a scintillator.

2.4.3 Nal: TI Crystal and Nal Detector
Nal is a kind of scintillation crystal with good properties. It has a very high 

luminescence efficiency and is available in single crystals or polycrystaiiine forms in a 

wide variety of sizes and geometries. The material exhibits no significant self-absorption 

of the scintillation light and has good resolution ability to X-ray and y-ray of all available 

scintillators, Nal is the most extensively used material. It is widely used in nuclear 

medicine, well logging, environmental monitoring, high energy physics and in many 

other applications [19] .

TheNal(TI) detector consist of two pants, theNal(Tl) crystal and the photo multiplier , the 

detection system consist of two amplifiers , pave and main , the job of this amplifiers 

is shaping the electronic signal amplification and release the electronic noise .The 

electronic signals go to the multichannel analyzer and show the result as an energy 

spectrum . [20]

8



2.5 Radiation protection

The three basic methods used to reduce the external radiation hazard are time,
✓

distance, and shielding. Good radiation protection practices require optimization of these 

fundamental Techniques (ALARA).

2.5.1 Time
The amount of radiation an individual accumulates will depend on how long 

the individual stays in the radiation field.

2.5.2 Distance
The amount of radiation an individual receives will also depend on how 

close the Person is to the source.

2.5.3 Shielding
When reducing the time or increasing the distance may not be possible, one 

can Choose shielding material to reduce the external radiation hazard. The proper material 

to Use depends on the type of radiation and its energy.

Alpha particles are easily shielded. A thin piece of paper or several cm of air Is usually 

sufficient to stop them. Thus, alpha particles present no external radiation hazard. Beta 

particles are more penetrating than alpha particles .Beta shields are usually made of 

aluminum, brass, plastic, or other materials of low atomic number to reduce the production

of bremsstrahlung radiation.

Mono energetic x- or gamma rays collimated into a narrow beam Attenuated exponentially 

through a shield according to the following equation:

/ = I0 e ^ x (2.5)

Where I is the intensity outside of a shield of thickness x 
I0 is the unshielded intensity.

p is the linear attenuation coefficient of the shielding material.

x is the thickness of shielding material. The linear attenuation coefficient is the sum of 

the probabilities of interaction per unit length by each of the three scattering and 

absorption processes - photoelectric effect Compton effect, and pair production. Note that 

p has dimensions of inverse length (1/cm).
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The reciprocal of p is defined as the mean free path, which is the average distance the 

photon travels in an absorber before an interaction takes place.

Because linear attenuation coefficients are proportional to the absorber density, which 

usually does not have a unique value but depends somewhat on the physical state of the 

material, it is customary to use the mass attenuation coefficient, which removes density 

dependence:

Mass attenuation coefficient p m  — ^ / p  (2.6)

Where p  = density (g/ cm3)

For a given photon energy, pm does not change with the physical state of a given 

absorber. If the absorber thickness is in cm, then pm will have units of (cm"1 g/cm3| 

g/cm2. [11]
/ = lQ e -HmPX (2.7)

2.6 Common Shielding materials

Making an appropriate and effective shielding against gamma of a nuclear facility 

requires proper selection of materials and thickness. Choosing the right material for making 

protective shield interconnected optimality analysis are the weight, volume and cost 

considerations such as these.

Most important characteristic of a material protection is its ability in attenuation of 

gamma radiation. In general, and heavy materials have higher ability in attenuation of 

gamma-rays.

The use of only one material is impossible for shielding source of gamma meanwhile, 

heavy materials often activated by absorbing neutron and irradiation secondary gamma that 

should be considered in shielding design. Different materials are that can be used for 

protecting against radioactive rays. The main materials that are used in protecting include: 

lead, iron, boron, concrete, and polyethylene. However, experience has proven that the use 

of appropriate concrete has a lot of advantages compared to other materials. Boron- 

5(usually in addition to other material such as polyethylene and concrete) has many 

applications in protecting. [12]
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2.6.1 Lead as shielding
Lead: As one of the conventional gamma-ray shielding materials, lead is the most 

widely used material. Principally, lead is effective at attenuating gamma-rays because of 

its high density and high atomic number.

Lead shields are frequently used where space is limited or where only a small area of 

absorber is required.[13] There is a great variety in the types of shielding available both to 

protect people and to shield equipment and experiments. For some other commercially 

available shielding materials, a high percentage of lead can be incorporated into plastic or 

epoxy compositions, which can be more readily molded and shaped. However, because of 

its high ductility, lead cannot be machined easily or hold a given shape unless supported 

by a rigid material. Additionally, because of its low melting point, lead can be used only 

where the temperatures do not exceed its melting point. [3]

2.6.2 Concrete as shielding
Concrete is considered to be an excellent and versatile shielding material; it is 

widely used for shielding nuclear power plants, particle accelerators, research reactors , 

laboratory hot cells and medical facilities. Concrete is a relatively inexpensive material, it 

can be easily handled and cast into complex shapes. It contains a mixture of various light 

and heavy elements and a capability for attenuation of photons and neutrons. [14]
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Chapter Three

Materials and Methods

3.1 Introduction

Historically, materials with a high density and high atomic number are used to 

provide most effective gamma-ray shielding, such as Lead, Steel, Tungsten and Concrete. 

Tn this work, research has been done with different types of low weight used as a new 

gamma-ray shielding material. Gamma-ray shielding properties of various low weight 

have been studied theoretically and experimentally at energies (~10 keV) for: lead, cement, 

Carbon the proposed materials are generally are highly evaluated as environmental- 

friendly material, unlike lead, with High radiation absorption coefficient and good 

attenuation .Cement, Carbon and Mixture (50% cement + 50% carbon).In this experiment 

different low weight materials was used that compared with standard radiation shielding 

lead, these materials have shown better performance in terms of their low weight required 

for new shield.

3.2 Samples under study
In this study there were several material have been used such as lead, carbon, 

cement and mixture of cement and carbon.

3.2.1 Carbon

Carbon: it contains the chemical symbol, C, the name of the element, and the atomic 

weight of natural carbon, or 12.0107 g/mol. weighted according to the percent abundance 

of the two naturally occurring stable isotopes C12 and C13 .The atomic weight of an atom is 

numerically equal to the mass, in unified mass units, or u, of the atom in question. [15]

12



3.2.1.1 Carbon Shielding
The rationale for testing carbon as shielding include the low atomic number, weight and 

excellent structural properties:

Z/A: The ratio of atomic number over atomic weight (Z/A). [16]

The carbon used in this experiment was in the form of charcoal.

3.2.2 Cement
Is a mixture of compounds made by burning limestone and clay together at very 

high temperatures ranging from 1400 to 1600 C. Cement is usually gray in color and it's 

extremely fine in texture Although there are other cements for special purposes, this 

module will focus solely on Portland cement and its properties is a fine, soft, powdery-type 

substance. It is made from a mixture of elements that are found in natural materials such 

as limestone, clay, sand and/or shale. [17]

3.3 Sample preparation
In this study, four samples ((lead, carbon, cement, (carbon+ cement)) used as 

gamma -rays shielding, the lead is standard.

The powder (cement 89.946g, carbon 44.916, cement + carbon 66.1839g) contained in Al 

container which has thickness 1.5 cm, length 10.97 cm and width 7.8 cm Figures I. 2. 3 

show the samples in preparation process:

Fig. 3.1: The container Al filled by powder cement

13



F ig . 3 .2 : T h e  c o n ta in e r  A !  f i l l e d  b y  (c e m e n t  + c a rb o n )

F ig . 3 .3 : T he c o n ta in e r  A l  f i l l e d  b y  (c a rb o n )

All samples were irradiated one times by gamma rays. The source sample and sample- 

detector distance was adjusted as 5 cm. And recorded spectrum for each sample.

3.4 Instrum ent used

A gamma spectrometry consisting of CASSY lab (2524 220), CA box (524 058). 

Scintillation counter Nal(Ti) (559 ), Detector output stage 559 912 and High -voltage 

power supply 1.5kv 521 68.

14



Fig. 3.4: Gamma-ray experimental configuration
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F ig u r e  3 .5 :  S c in t i l la t io n  d e te c to r  w ith s h ie ld  in  A l  c o n ta in e r
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3.5 Experim ental technique

The output of the scintillation counter is connected to the MCA box and to the high 

-  voltage power supply. In this experiment the source, the absorber, and the detector were 

arranged along a straight line, the gamma ray system consist of radioactive source Sc-137 

0.662 MeV. The intensities of gamma ray measured by using NAI(Tl) 559912 ( W 

R03100238) scintillation detector, the detector was coupled to pre -  amplifier .power 

supply and computer analyzer with LD Didactic GMBH sensor -  cassy for data acquisition 

and analysis the obtain areas . The detector was also housed in the lead jacket.

The spectrum was recorded for a period of 300sec to reduce statistical error, 

background spectra were recorded for the same time period and subtracted from each 

spectrum.

17



CHAPTER FOUR

RESULTS AND DISCUSSION



Chapter Four 

Results and Discussion

The type o f materials, their densities and linear absorption coefficients (cm ) 

obtained from National Institute o f Standards and Technology. |22) are shown in fable 

4 .1. The transmitted intensities as measured are presented as well. The variations o f mass 

attenuation coefficients with gamma energy for carbon, cement and lead are shown in 

figure 4.1.

The measurements were proceeded by evaluating the variations of mass attenuation 

coefficient with respect to gamma energy for samples: (lead, cement and carbon t This ts 

done to validate the possibility o f using cement as low-weight gamma shielding material 

and as an optimized for carbon as well. The data was taken from the National Institute of 

Standards and Technology, |22 |. On the basis of the results achieved. Beer-1 anibert low

was considered for the rest o f measurements. Fie 4.1 shows the mass attenuation

coefficients as a function o f gamma energy.

Fig. 4. /. Mass attenuation coefficients as a function o f gamma energy

18



Considering the results shown in figure 4.1, the linear attenuation coefficients for

all samples were calculated and the data is shown in table 4.1.

Table 4.1: Samples’  description

Materials Density g/cm3 Transmitted 

intensity I

Linear attenuation 

coefficient at 

lOkeV

Cement 1.5 1036.57 0.5481

Lead 11.33 872.09 91.185

Carbon 0.64 1295.46 0.0443

Cement + Carbon 0.66 1284.7 2.247

A study of the radioactivity of certain building materials the detector counts mainly 

from the Cs-137 and the samples as well [23].The net counts of Cs-173 as shown in figure

(4.2)

Fig. 4.2: Gamma ray spectra o f Cs-137 as measured using a sodium iodide

scintillation detector.
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The performances of the sample; Carbon, cement and lead in shielding Cs-137 gamma 

ray photons, were examined using the gamma spectrometry. As shown in figure (4.3) the 

Lead still dominant as gamma ray attenuator. Lead has attenuated the incident intensity by 

a factor (T= I/Io) of: 0.669, cement has attenuated gamma rays by a factor of 0.796. better 

than carbon which has attenuated the incident intensity by a factor of 0.994.

8000 i— .

6000

(A
C

4000oo

2000

0
300

I--1
Nal(TI) counts as a function 
Nal(TI) counts as a function 
Nal(TI) counts as a function

400 500 600 700 800 900 1000

Gamma energy (keV)

Fig. 4.3, Gamma- ray spectra o f Cs-13 7asing Nal scintillation detector for samples

shielding: (carbon, cement and lead)
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As shown in figure 4.4, the mixture (cement + carbon) which has attenuated the incident 

intensity by a factor of: 0.986 compared to carbon, 0.994. In this regard, one may conclude 

that (cement + carbon) mixture is more effective than carbon. This evident by the density 

of the mixture being higher than carbon as shown in table 4.1.

8000

6000

4000

2000 -

0
300

—  Nal(TI) counts as a function of gamma energy, Carbon 
- - Nal(TI) counts as a function of gamma energy, Cement

—  Nal(TI) counts as a function of gamma energy, Lead
Nal(TI) counts as a function of gamma energy, (carbon+cement)

400 500 600 700 800 900 1000

Gamma energy (keV)

Fig. 4.4: Show gamma- ray spectra o f Cs-137using Sodium Iodide scintillation for 

samples shielding carbon, cement, lead, and (carbon + cement) mixture
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CONCLUSION AND RECOMMENDATIONS



Chapter Five

Conclusion and Recommendations

5.1 Conclusion
The goal of this work was to investigate the performance of low weight materials 

for shielding Cs-I37gamma ray Photons. The effectiveness of the shielding material is 

determined by the interactions between the incident radiation and the atoms of the 

absorbing medium.

The results were obtained in terms of (I/Io) factor and showed that lead still dominant as 

gamma shielding material with (T/Io) factor: 0.669, cement comes next by a factor o f0.796, 

and carbon by a factor of 0.994, While (50% carbon, 50% cement) mixture has attenuated 

Cs-137 gamma ray photons by a factor o f0.986. The results reconfirmed the dependency 

of gamma shielding materials on their density. Furthermore, results showed that cement 

and cement-based shielding materials may be possible alternatives as low weight shielding 

materials for gamma ray photons.

5.2 Recommendations
This work studies the effectiveness of the proposed low-weight as gamma shielding 

materials and compares the results with that for lead as the commonly used gamma 

shielding material. More investigations are required for more and different types of cement- 

based materials.
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