2024, 21(2): 0480-0495
https://doi.org/10.21123/bsj.2023.7685
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

g

Baghdad Science Journal

Comparative Study of Gamma- Ray Shielding Parameters for

Different Epoxy Composites

Amal A. EI-Sawy * , Eman Sarwat

Nuclear and Radiological Safety Research Center, Egyptian Atomic Energy Authority

*Corresponding Author.

Received 07/09/2022, Revised 07/05/2023, Accepted 09/05/2023, Published Online First 20/07/2023,

Published 01/02/2024

—CD
© 2022 The Author(s). Published by College of Science for Women, University of Baghdad.

This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly

cited.

Abstract

In the current work various types of epoxy composites were added to concrete to enhance its
effectiveness as a gamma- ray shield. Four epoxy samples of (E/clay/B4C) S1, (E/Mag/B4C) S2, (EPIL)
S3 and (Ep) S4 were used in a comparative study of gamma radiation attenuation properties of these
shields that calculating using Mont Carlo code (MCNP-5). Adopting Win X-com software and Artificial
Neural Network (ANN), w/p revealed great compliance with MCNP-5. By applying (u/p) output for
gamma at different energies, HVL, TVL and MFP have been also estimated. ANN technique was
simulated to estimate (u/p) and dose rates. According to the results, u/p of all epoxy samples scored
higher than standard concrete. Both S2 and S3 samples having higher values of p/p, show minimum
dose rate values. (1/p) and RPE% values were enhanced, the concrete containing E/Mag/B4C (S2) had
the best results, while the concrete containing Ep (S4) provide the worst results. The ANN prediction
results take 15 sec for estimating gamma doses corresponding to seventeen shield thicknesses, while the
theoretical MCNP-5 results took approximately between 7 to 10 hours for five gamma doses. ANN
provides excellent predictions with a high degree of correlation depending on increasing the number of
attenuation parameters used in the training process. Also, it predicts gamma dose rates for a large
number of shield thicknesses that cannot be calculated theoretically in a very short time. This supports,
the created epoxy composite offers good attenuation properties for many shielding applications and
could be proposed as an injecting mortar for cracks in biological shields and the walls of diagnostic and
radiotherapy rooms. However, further investigations are planned for different filler ratios, for
comparison purposes, in order to reach optimal shielding properties.

Keywords: ANN technique, Mass attenuation coefficient (u/p), MCNP-5 model, Radiation shielding,
Epoxy composite, Radiation protection efficiency (RPE%).

Introduction

Today, radiation shielding is a very important
component in the radiation protection field. It is
applied to optimize the dose of human radiation
exposure in radiation practices such as, nuclear
power plants, radiation medicine, and others'2. For

radiation shielding materials, it is important to know
the properties of these materials. Additionally, the
type of radiation, its energy and the application field
would all be identified when choosing the radiation
shielding material. Radiation shielding is defined as
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an interaction between particles and matter through
collisions and capture by atoms. The amount of the
interaction depends upon the atomic number and
density of the shielding material. Consequently, a
study of various types of materials components is
necessary for radiation shielding in order to give the
highly effective characteristics for radiation
attenuatn®#. Wide varieties of materials are being
used in radiation protection. The choice of these
materials depends on the requirements, application,
cost, feasibility, availability, type of radiation, etc.
Always there is a necessity to advance material for
shielding purposes, which can be used under severe
conditions of nuclear radiation exposure and can
perform as shielding material®. concrete is the most
commonly used material for radiation shielding in
most facilities because of its cheapness, its
reasonable mechanical properties and its many
physical attributes for an ideal shielding material for
neutrons and gamma rays.

Also, the quick increase of polymeric materials
consumption encourages filler incorporation; to
minimize the cost, mass and size; in addition, to
increasing the stiffness and strength of the
composite®. Many researchers have prepared
polymer composites with additive inorganic material
to study their shielding properties. Polymeric
materials such as epoxy resin owed to containing rich
in hydrogen and carbon atoms, which are very
effective to slow down intermediate and fast
neutrons”®. Composites are important and necessary
materials today because of their benefits. Fillers are
the most widely used additives in polymer
composition. They are used in all plastics, natural
and synthetic rubber and in coating. The main reason
for their use is the need for cheaper materials or for
improvement in some properties of the polymer
matrix such as rigidity, strength and high resistance
to temperature. Today environmental awareness of
people is forcing industries to choose natural
materials as substitutes for non -renewable
materials®. Epoxy based composite is more suitable
for use in some serve environments such as radiation
shielding in medical applications and for detector
shields’®. Recently, many researchers have studied
the effect of dispersed fillers in a variety of polymers,
which satisfies the requirements for radiation
shielding. The studied epoxy composites can be

applied in radiation attenuation with different
applications, for example, for shipping and storage
of radionuclide materials for many mobile and
stationary sources. Also, they can be used as portable
radiation shielding for the walls of diagnostic and
radiotherapy rooms. Besides, it might foresee
applications for detector shields, neutron guides,
valves, and pipes. As well, these composites could be
applied as rendering/plastering mortar or even
coating for shielding structures present in nuclear
foundations as a possible example for the many
epoxy composites’ practical uses':.

Monte Carlo simulation method (MCNP-X code)
used for the investigation of radiation interaction is
found less time consuming, cost effective and
applicable for desired energy of radiation'?. The
general purpose of MCNP-X code is modeling to
simulate the interaction of gamma- rays with matter
and tracking all particles at different energies®.
Artificial Neural Network (ANN) is a mathematical
calculation model, principally, it is a black-box
model and has its own boundaries. The main
advantage of using an ANN system over a traditional
process is that it does not require the explicit
mathematical formulation of the complex nature of
the fundamental process under examination*. When
ANN is used to resolve engineering challenges, it can
analyze information very quickly and can provide
relevant responses even when the data being studied
contains errors or is incomplete. As a result, ANN
has been applied in several fields, including
environmental, biological, social, computer, earth,
energy, and material scientific engineering®. Also, it
can be utilized to search for radiation sources for
nuclear security?®,

The present study has the primary aim of using
epoxy composites for the construction of radiation
attenuation shields used for a variety of applications,
as well as a mortar for developing cracks in
biological concrete shields and the walls of
diagnostic and radiotherapy rooms. Also, theoretical
calculations have been achieved using MCNP-5 and
ANN software programs to evaluate and discuss the
influence of epoxy composites on the gamma
radiation shielding efficiency!!.

Materials and Methods
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Radiation Attenuation Properties

There are basic quantities which determine the
scattering and absorption of photons in the matter'”.
The probability of radiation interacting with a matter
per unit path length is defined as the linear
attenuation coefficient. It is an important quantity
characterizing the penetration and diffusion of
gamma-rays in a medium. Also, its magnitude
depends on the incident photon energy, the atomic
number and the density (p) of the shielding
materials'®. The linear attenuation coefficient p
(cm™) of the composite shield is termed by Eq 1:

I= loexp ™ 1

Wherever, the intensity of the beam lo decreased to |
after passing through a shield of thickness x, (u/p) is
the mass attenuation coefficient (cm?/g), it is defined
as the linear attenuation coefficient y divided by the
density of composite shield'®. Using the Win X-
COM program, the p/p was calculated for some
shielding materials in the 1 keV to 10 MeV energy
range. It named total in addition to cross sections and
partial attenuation coefficients several interaction
processes (Photoelectric  absorption, Compton
scattering, Absorption scattering)’®, and the
material's shielding performance will be improved if
the w/p is larger?,

The thickness length required to attenuate the
photon by 50% is denoted by the significant
parameter called half value layer (HVL). The lower
HVT has the best radiation shielding material in
terms of thickness requirement®®. Likewise, the
thickness of the epoxy shield that reduces radiation
to one- tenth of its primary intensity is known as the
tenth value layer (TVL). The better shielding
material has a lower value of TVL.

The two values are calculated using the following Eq
2 and are dependent on u values®:

HvVL=In2/p and TVL=In10/p 2

Parameter of mean free path (MFP) is describing
the distance of photons transportable inside the
material shield between two consecutive collisions.
The MFP has been derived from the linear
attenuation coefficient and it can be described by Eq
32,

MFP = 1/p 3

The radiation protection efficiencies can be
denoted as (RPE%) and the studied shields (concrete
with epoxy composites) were computed by the
following Eq 4 %,

RPE% = (1— —)X 100 % 4
0

Where lo is the incident beam to the detector from the
gamma-ray source without any absorber, | is a
transmitted beam from the sample to the detector.

Theoretical Study:
Materials and sample preparation

In the present study, standard concrete (SO) was
chosen as a primary shield and four composite
standard concrete by adding four different types of
epoxy, (E/clay/B4C) S1, (E/Mag/B4C) S2, (EPIL) S3
and (Ep) S4 were investigated. samples compositions
had been taken from the preceding references!t?42%,
The standard Bisphenol-A based Epoxy resin (EP)
with technical purity 95% was used to work out the
composite base. (Ep) filled with certain weigh
fraction of crushed magnetite (Fes0.) and crushed
boron carbide (B4C). Magnetite supplied by the
Nuclear Materials Authority (El Kattameya, Egypt)
in the form of a fine black powder and boron carbide
(B4sC) were used as composite fillers in a
homogenous mixture: EP = 15 %, Mag = 75 % and
B.C = 10 %, which stands for the EP/Mag/B.C
composite. While Iimenite filler a product of (El-
Nasr Phosphate Co. — Abu Galaka — Red Sea Mines
— Egypt) was prepared by crushing the ore to mesh
size 500 um; certain weight of this filler was
dispersed in the Epoxy formula to produce the
epoxy/ilmenite (EP1Im) composite. The mixture was
stirred at room temperature and degassed to allow the
entrapped air to be released, then poured with great
courtesy into the sample molds and left to cure. After
24 h, the samples were extruded from molds and left
7 days for ultimate cross-linking before they were
shaped to the desired dimensions®*. Also, the
epoxy/clay/boron carbide nanocomposites were
manufactured using an epoxy resin, SR 1500, and SD
2505 hardener filled with a commercially available
nanoclay. The mixing ratio of resin/hardener was
100:33 and the formulation bases of the epoxy were
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bisphenols A and F?. The chemical compositions of
the composite samples were presented in Table 1.

Table 1. Elemental composition of concrete and composite samples. 112425

Sample types

Element Concrete Ep/clay/B4C EP/Mag/B4C EPIL Epoxy
(p=2.30 g/cm?®) p=(1.40 g/cm®) (p=2.99 g/cm®) (p=2.71 g/cm®) (p=1.11 g/cm®)
SO S1 S2 S3 S4
H 0.0100 0.0710 0.0122 0.0159 0.0660
O 0.5320 0.1010 0.2764 0.3103 0.2310
C 0.7550 0.1285 0.1410 0.6745
B 0.0390 0.0770
N 0.0040 0.0040 0.0285
Na 0.0290 0.0073 0.0024
Mg 0.0009 0.0023 0.0122
Al 0.0340 0.0120 0.0115
Si 0.3370 0.0210 0.0579 0.0313
K 0.0005
Ca 0.0440 0.0473 0.0040
Mn 0.0013
Fe 0.0140 0.3864 0.2937
Ti 0.1698
\Y 0.0014

Monte Carlo Simulation Cede

Monte Carlo Code (MCNP-5) was used as a main
tool for the implementation of this work. A source
was defined in MCNP-5 data card with commands
energy (ERG), types of particles (PAR), position
(POS) and direction (DIR) respectively. The *Cs
radioactive point source with energy 0.662 MeV and
activity of 5uCi was placed in 6 cm from the detector,
and a concrete shield was placed between the
detector and the radioactive source. standard
concrete was chosen as a primary shield and four
composite standard concrete by adding four different
types of epoxy composites as S1, S2, S3 and S4 in
different thicknesses from 4.25 to 5.50 cm?. The
linear and mass attenuation coefficients had been
determined by computing the transmission of y-rays
through those four different compositions
individually. The point detector tally F5 for the
MCNP-5 had been used to calculate photon intensity
and gamma dose rate. FMn card was used to convert
the MCNP calculated doses (mSv/particle) to the
appropriate dose rates (USv/h). The simulation was
done for 108 particles and the relative error was
decreased to <0.005.

Artificial Neural Networks (ANNS)

Artificial neural networks (ANNS) have received
much attention in recent years, and the question of
which type of neural networks are better at prediction
has yet to be resolved?. It was a set of machine
learning algorithms, chart input data to output values,
or classifications, by multiple layers of neurons. The
outputs of each previous layer are multiplied by a
weight vector, together with a bias, to create each
neuron®. A single neuron can perform only an
elementary task like multiplication and addition, yet
their combination can be powerful tools for
overcoming complicated tasks, like speech and
image recognition, classifying complex data®.
ANNs were effectively used for prediction,
classification and association in different problem
domains and they had the ability to approximate any
nonlinear mathematical function, that was useful
especially when the relationship between the
variables was not known or was complex. One of the
most popular versions of ANNs was the multilayer
perceptron (MLP), a feed forward network that can
use various algorithms to minimize the objective
function, such as backpropagation, conjugate
gradient, and other®®3t, A simplified architecture of a
MLP ANN has been presented in Fig 1. The input
layer of an ANN consists of n input units with values
Xi, 1 =1, 2,..., n, and arbitrarily computed primary
weights w; generally from the interval [-1,1]. Each
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unit in the hidden (middle) layer had received the
weighted sum of all x; values as the input. The output
of the hidden layer indicated as y. was computed by
summing the inputs multiplied with their weights, in
accordance to Eq 5 3%

n
Y, =) wx 5
i=1
where,

f is the activation function that selected by the user

weights

W

activation function

( > output x

input

summing
function

Figure 1. Schematic diagram of ANN
prediction®,

In this work, the Back Propagation Feed Forward

Network (BPFFN) of the ANN technique was used
in the improvement of the prediction model. The
Activation Transfer Function of a back-propagation
network was typically a differentiable Sigmoid (S-
shape) function, which helps to apply the non-linear
mapping from inputs to outputs. In this study a three
layer back-propagation ANN has been used. The
number of input and output neurons was determined
by the nature of the problem under study. The
networks were trained, tested and verified with one
hidden layer and three to six neurons in the hidden
layer. The output neuron (layers) has been given the
predicted MCNP value which gave the best results®.

Results and Discussion

The goal of the current study is to try finding lighter
and more efficient gamma shielding epoxy that is
used in the radiation field. Therefore, gamma
radiation attenuation behaviors for four samples of
epoxy composites have been investigated and
compared with the pure concrete sample. p and p/p
of the four studied samples were calculated using
MCNP-5, and compared with ANN prediction and
Win X-COM program.

Linear attenuation coefficients

The linear attenuation coefficient (u) of slandered
concrete So and four epoxy samples have been
calculated at a photon energy of 0.05- 10 MeV and
shown in Fig 2(a-c). It is clearly seen in this Fig. that
the values of p for all samples are decreasing with the
energy increases. Also, (u) of epoxy samples are
decreasing rapidly and they are the same value at the
low energy (0.05- 1 MeV), while they are decreasing
slowly with a large difference in the high energy
1-10 MeV. For low, intermediate, and high-energy
photons, the fundamental photon interaction process
of the photoelectric effect, Compton scattering, and
pair production can be used to explain this variation
in y, varying by the atomic number of elements of
compositions. Additionally, at low photon energy, p
value of S2 and S3 are higher than So, S1 and S4,
while at intermediate, and high energy, uvalue of S2
are higher value than other samples. This is due to
the effect of the heavy mineral Magnetite (FesO.,)
having density 2.99 g/cm?, also boron has a high-
density addition on S2 and S3 has a high density of
IImenite (2.716 g/cm?®). At low energy, S2 and S3 are
the best samples, while at high energy, S2 and So are
the best samples.
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Figure 2(a-c) Linear attenuation coefficient for epoxy samples versus incident photon energy at low,
intermediate and high energies.

Mass attenuation coefficient

The gamma mass attenuation coefficient (u/p)
value of epoxy shields at an energy range from 0.1 to
15 MeV is shown in Fig 3. It is obvious from the
figure that (u/p) depending on the density of the
shielding materials and photon energy also; it is a
related directly to the shield density and inversely
proportional to the incident photon energy. The
shielding efficiency of gamma radiation depends on
the interaction of gamma with matter by three
methods: photoelectric effect in low energy region
(E < 0.8 MeV), Compton scattering in intermediate
energy region (beginning 0.8 MeV to < 8 MeV), and
pair production in high energy region (E > 8
MeV)"%2, In the Photoelectric area the p/p values for
the epoxy samples are rapidly decreasing with the
energy increases, this decrease occurs due to the
dependence of the cross section of the photoelectric

absorption with the photon energy. Following in
Compton region, which displays the change of p/p
with energy, it is noticed that u/p decreases slowly
with the energy increases until 6 MeV. This
alteration in p/p with energy in this region is perhaps
associated with the dependency of the cross section
of the Compton process with the atomic number (2).
Once it comes to the pair production region, it is also
observed that there is a small difference of w/p in the
high energy (8 -15 MeV). S2 has a max. value of w/p,
then S3, S1, while, S4 has a min. value, the u/p
values increased in order as S2 > S3> S1> S4.
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Figure 3 The variation of p/p for studied epoxy
at different gamma-ray energies.

Fig 4 represents the Comparison of mass
attenuation coefficients u/p of concrete and four
epoxy samples at energy 20 MeV. This Fig displays
that u/p value for S1, S2 and S3 are higher than pure
concrete, also, S2 and S3 are the best materials
shield. While, S4 is the lowest value. This is due to
the effect of heavy mineral Magnetite (FesO4) and
also boron has a high-density addition on S2, and S3
has a high density of limenite. While S1 and S4 have
a low density and low atomic number.
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Figure 4 Comparative of u/p of concrete and
four samples at energy 20 MeV.

ANN Application

For the ANN simulation a program code has been
written in MATLAB language. This code was used
for trying different ANN architectures and the
suitable model structure has been determined. In
this study the parameters calculated are the mass
attenuation coefficient (w/p), energy, thickness and
dose rate. The parameters such as thickness and
energy were used as inputs in the ANN for
estimation of (u/p) and dose rate. p/p obtained by
MCNP, ANN and Win X- Com for different
energies was displayed in Table 2. This Table
represents the comparison of (u/p) of epoxy
samples with MCNP-5 model, X-com program, and
ANN technique at energy range (1-10 MeV). From
this Table we can also observe that the values of
(wp) for all samples are decreasing with the photon
energy increase. Also, at low energy, S1 and S4
have a higher value while; at high energy S2 and S3
have a higher value. The (u/p) values for all
theoretical studies are in good agreement.
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Table 2. The u/p obtained by X-Com, MCNP-5 and ANN of the Studied epoxy at different energies.

Mass attenuation coefficient (u/p)

Energy EP/Clay/B«C Ep/Mag/B4C EPIL EP
(MeV) S1 S2 S3 S4

X-Com MCNP-5 ANN X-Com MCNP-5ANN X-Com MCNP-5 ANN X-Com MCNP-5 ANN

1 0.065 0060 0065 0064 0062 0064 0062 0061 0062 0067 0061 0.064

2 0.045 0042 0048 0044 0041 0039 0043 0040 0043 0047 0044 0.047

3 0.037 0030 0037 0036 0033 0034 0035 0031 0034 0038 0035 0036

4 0.033 0028 0032 0032 0030 0032 0031 0029 0032 0032 0030 0032

5 0.028 0034 0029 0030 0038 0031 0029 0035 0030 0027 0031 0028

6 0.027 0031 0028 0029 0035 0030 0028 0033 0029 0026 0029 0027

7 0.026 0030 0026 0028 0034 0029 0027 0032 0028 0024 0027 0025

8 0.025 0.028 0024 0027 0030 002 002 0029 0027 0022 0025 0023

9 0.024 0026 0023 0026 0028 0025 0025 0027 0024 0021 0024 0021

10 0.023 0.024 0021 0.025 0.026 0023 0024 0025 0022 0020 0022 0.020
The relationship between X-Com and MCNP and MCNP-5 at corresponding energies, from this
observed of w/p and p/p predicted by ANN is Table, it can be observed that there are closer
shown in Table 3. p/p values decrease with the values for all models. The results show that the
energy increasing. It also shows the ANN predicted values using the three models are approximately
(u/p) values of epoxy samples for 23 values the same.

containing 10 values calculated with Win X-com

Table 3. Prediction of u/p obtained by X-Com, MCNP-5 and ANN of epoxy samples at different

energies.
Mass attenuation coefficient (u/p)
EP/Clay/B4C Ep/Mag/B4C EPIL EP
Energy S1 S2 S3 S4

(MeV)  X-Com MCNP-5 ANN X-Com MCNP-5ANN  X-Com MCNP-5 ANN  X-Com MCNP-5 ANN

0.1 0.091 0.073 0.069 0.069
0.5 0.084 0.071 0.067 0.066
1.0 0.065 0.060 0.065 0.064 0.062 0.064 0.062 0.061  0.062 0.067 0.061 0.064
15 0.053 0.047 0.049 0.049
2.0 0.045 0.042 0.048 0.044 0.041 0.039 0.043 0.040 0.043 0.047 0.044 0.047
2.5 0.044 0.036 0.039 0.037
3.0 0.037 0.030 0.0837 0.036 0.033 0.034 0.035 0.031 0.034 0.038 0.035 0.036
35 0.034 0.033 0.033 0.031
4.0 0.033 0.028 0.032 0.032 0.030 0.032 0.031 0.029  0.032 0.032 0.030 0.032
4.5 0.031 0.031 0.032 0.030
5.0 0.028 0.034 0.029 0.030 0.038 0.031 0.029 0.035  0.030 0.027 0.031 0.028
55 0.029 0.030 0.030 0.029
6.0 0.027 0.031 0.028 0.029 0.035 0.030 0.028 0.033  0.029 0.026 0.029 0.027
6.5 0.027 0.029 0.029 0.026
7.0 0.026 0.030 0.026 0.028 0.034 0.029 0.027 0.032  0.028 0.024 0.027 0.025
7.5 0.026 0.028 0.027 0.024
8.0 0.025 0.028 0.024 0.027 0.030 0.026 0.026 0.029  0.027 0.022 0.025 0.023
8.5 0.024 0.026 0.025 0.022
9.0 0.024 0.026 0.023 0.026 0.028 0.025 0.025 0.027  0.024 0.021 0.024 0.021
9.5 0.022 0.024 0.023 0.020
10.0 0.023 0.024 0.021 0.025 0.026 0.023 0.024 0.025  0.022 0.020 0.022 0.020
105 0.016 0.020 0.018 0.014
11.0 0.015 0.019 0.017 0.013
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HVL and TVL values

In order to estimate the degree of the attenuation
for all studied epoxy, we usually need to calculate
other parameters; half-value layer (HVL) and
tenth-value layer (TVL); which were determined
theoretically calculated using the Win X-Com
program based on excel sheet for y-ray energies
between 0.05 and 10 MeV and the results were
illustrated in Table 4. The results of these factors
helped in evaluating the sample thickness required
for shielding the half and tenth of the initial photon
intensity. Better shielding materials are which
have thinner HVL and TVL layers. Also, it is found
that HVL and TVL are increasing with the energies
increase; low-energy photons lose their energy at a
very short distance, however, at high energy
photons need a long distance to lose their energy
and the values were close to one another at low
energies such as at 0.05 MeV. After that, the two

values gradually increased by the photon energy
increases due to Photo Electric interaction. At
above 0.8 MeV, they progressively increased by an
increase in gamma energy, due to the process of
Compton Scattering. It is clear that HVL value for
all studied epoxy samples at 0.05 MeV varies
between 0.62 and 2.57cm for S4 and S1
respectively, whereas at energy 10 MeV varies
between 23.89 and 24.51cm for S1 and S4,
respectively. Furthermore, TVL varies between
2.06 and 8.56 cm for S4 and S1, respectively at
0.05 MeV and tends to be at its highest value at 10
MeV with 79.37cm and 81.44cm for S1 and S4
respectively. From this Table we can be observed
that the samples S2 and S3 possessed the thinnest
HVL and TVL, while, S1 and S4 had the thickest
HVL and TVL.

Table 4. HVL and TVL Values for all studied epoxy samples at energies 0.05 MeV to 10 MeV.

Energy (MeV) HVL (cm) TVL (cm)
S1 S2 S3 S4 S1 S2 S3 sS4
0.05 2.57 0.27 0.65 0.62 8.56 0.62 2.16 2.06
0.10 2.88 1.03 1.96 0.77 10.38 0.77 6.53 2.58
0.15 3.48 1.52 2.63 1.75 11.57 1.75 8.75 5.82
0.20 3.80 1.80 3.02 2.75 12.62 2.75 10.06 9.14
0.30 4.36 2.17 3.58 4.31 1451 4.31 11.89 14.33
0.40 4.83 2.45 4.02 5.39 16.18 5.39 13.36 17.93
0.50 5.33 2.69 441 6.22 17.72 6.22 14.67 20.68
0.60 5.76 2.91 4.78 6.91 19.15 6.91 15.88 22.98
0.66 5.96 2.99 4.90 7.10 19.81 7.10 16.29 23.60
0.80 6.56 3.32 5.44 8.08 21.80 8.08 18.09 26.85
1.00 7.29 3.70 6.05 9.10 24.25 9.10 20.12 30.23
1.17 8.16 4.13 6.77 10.24 27.10 10.24 22.50 34.04
1.33 8.96 4.54 7.43 11.27 29.78 11.27 24.69 37.44
2.00 10.45 5.24 8.61 13.06 34.71 13.06 28.62 43.39
3.00 13.04 6.36 10.57 1593  43.33 15.93 35.12 52.94
4.00 15.26 7.19 12,11 18.16 50.71 18.16 40.25 60.33
5.00 17.19 7.82 13.35  19.90 57.12 19.90 44.37 66.11
6.00 18.88 8.30 1435 21.28 62.72 21.28 47.68 70.71
7.00 20.37 8.67 15.15  22.38 67.68 22.38 50.35 74.36
8.00 21.68 8.94 1581  23.26 72.03 23.26 52.55 77.29
9.00 22.85 9.15 16.35 2395 75.92 23.95 54.32 79.58
10.00 23.89 9.31 16.78  24.51 79.37 24.51 55.76 81.44

Transmission

Fig 5 displays a graphical comparison of the

selected samples.

It is obvious that gamma-ray

transmission is dependent on the linear attenuation
coefficient p and the thickness of the shield. This is
actually for I=l, e**, the W value is a fundamental
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factor that depends on Z of the medium's elements
and incident gamma energy. Gamma- ray attenuation
parameter factors (I/lp) for different shielding
materials and shield thickness from 4.25 -5.5 cm
were computed using a computer program based on
excel sheet for a typical 0.662 MeV photon energy.
From this Fig, it can be noticed that transmission
factor for all epoxy samples is decreasing with the
shield thickness increases. Sample S2 has the lowest
transmission for gamma ray value which varied in
the range of (0.37431 to 0.28036) and S4 has the
highest transmission value (0.66059 to 0.584757),
this is due to S2 having the highest density and
dispersion of elemental composition of composite.

0.8

0.7 4

0.6

0.54

0.4

Gamma Transmission

0.3 o

0.2 T T T T T T T T
4.2 4.4 4.6 4.8 5.0 52 5.4 5.6

Thickness (cm)

Figure 5. The variation of Transmission factor
for the studied epoxy samples at different
thickness.

Mean Free Path MFP

The mean free path (MFP) of the investigated
epoxy composites was calculated depending on the
simulation of the mass attenuation coefficient value
of a gamma-ray energy range from 0.05-10 MeV.
Fig 6. explain the variation of MFP versus the
gamma-ray energies for all studied epoxy
composites. From this Fig, it can be noticed that the
MFP parameter was inversely proportional to linear
attenuation coefficient, and it was increasing with the
gamma energy increases. In photo-absorption region
MFP values were low and the values were close to
others and increased in Compton and pair-production
region. The difference of MFP for the composites
was depending on Z of elemental composition and

densities. The highest MFP was achieved for the S4
and varied between 0.897 and 35.374 cm. While, the
lowest MFP was obtained for the S2 Sample and
varied between 0.394 and 13.436 cm. Therefore, it
has been concluded that S2 has the best shielding
among the selected various composites. The MFP
values decreased in order as S2 < S3 <S1 <S84,

45

40

35

30

25

20

MFP (cm)

15

10

Energy (MeV)

Figure 6. The variation of the MFP for all
studied epoxy shield versus the gamma energy
range of 0.05-10 MeV.

Gamma - ray dose rate

Fig. 7 represents the comparison of gamma- ray dose
rate for the slandered concrete sample SO and four
different epoxy samples. It can be noted that the
value of gamma dose rate for all epoxy samples has
a lower value than concrete. Also, it can be noted that
the variation of gamma dose rate for the composites
was depending on Z of elemental composition and
densities. Gamma dose rate value for a concrete
sample which has a density (2.3 g/cm®) was 0.808
puSv/h. The highest gamma dose rate was achieved
for the S4 which has a density (1.16 g/cm®) with a
value 0.795 pSv/h. While, the lowest gamma- ray
dose rate was obtained for the S2 which has a density
(2.995 g/cm?®) with a value 0.776 uSv/h. Therefore,
we can conclude that S2 was the best shielding
between the selected various composites.
Additionally, gamma- ray dose rate values decreased
in order as S2 < S3 < S1 < S4, due to the effect of
heavy mineral Magnetite (FesO4) and also boron on
S2 which has the high-density and high attenuation
of gamma ray. Composite S3 has a high density of
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Gamma dose rate (uSv/h)

limenite. While S1 and S4 have a low density and

low atomic number.
0.81
0.805
0.8
0.795
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0.785
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0.775
0.77
0.765

S1 S2 S3 S4
rete
mgammadose 0.808 0.792 0.776 0.783 0.795

Samples

Figure. 7. Comparison of gamma-ray dose rate
for concrete and four epoxy composite samples.

The variation of gamma dose rate for all studied
epoxy samples against shield thickness from 4.25 cm
to 5.5 cm was presented in Fig 8. From this Figure it
can be noticed that S1 and S4 shields were the
highest gamma dose rate values, also the min. and
max. value of gamma dose rate for S1 was in the
range (0.79364 to 0.72069 uSv/h) and for S4 was
0.79515t0 0.73011 pSv/h. While, samples S2 and S3
were the lowest values and the min. and max. value
of gamma dose rate for S2 was in range (0.7759 to
0.64233 pSv/h) and for S3 was 0.78347 to 0.66576
pSv/h. From this Fig; we can conclude that S2 and

S3 have the best materials shield, this was due to
their containing boron carbide B4C and F,Os; with
high atomic number and density which had a good
attenuator for gamma- ray, Whereas, S1 and S4 was
the poorest material, this was due to they had low
density.

8E-01
7.8E-01
7.6E-01

7.4E-01

7.2E-01
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Gamma -ray dose rate (uSv/h)
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Thickness (cm)

Figure. 8. Gamm - ray dose rate of epoxy
composites shield with different thickness in (cm).

The relation between MCNP simulation of dose rate
and predicted dose rate by ANN was shown in Table
5. This Table presents the comparison of gamma- ray
dose rates between MCNP and ANN for different
thicknesses from 4.25 — 5.5 cm. The output of dose
rate for MCNP was considered as ANN input. The
ANN was tried first to predict six outputs for dose
rate. the ANN prediction values were closed for the
theoretical model MCNP.

Table 5. Comparison of gamma-ray dose rate of epoxy samples calculated by MCNP-5 and ANN at

Different thickness

Thickness Gamma-ray dose rate of epoxy samples (uSv/h)
(cm)

EP/Clay/B4C Ep/Mag/B4C EPIL EP

S1 S2 S3 sS4
MCNP-5  ANN MCNP-5  ANN MCNP-5 ANN MCNP-5 ANN
4.25 0.7936  0.7834 0.7759  0.7758 0.7834 0.7854 0.7951  0.7948
4,50 0.7768  0.7769 0.7487  0.7486 0.7577 0.7580 0.7797  0.7803
4.75 0.7637  0.7581 0.7201  0.7181 0.7337 0.7274 0.7682  0.7636
5.00 0.7503  0.7503 0.6933  0.7031 0.7098 0.7098 0.7561  0.7561
5.25 0.7350  0.7351 0.6667  0.6662 0.6885 0.7009 0.7428  0.7416
5.50 0.7206  0.7205 0.6423  0.6408 0.6657 0.6659 0.7301  0.7302
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In Table 6, the ANN prediction was trained by the
theoretical data given in Table 6. for six shield
thicknesses as the inputs and their corresponding
dose rates as outputs, then the program was asked to
estimate the dose rate values for 17 shield
thicknesses including the six theoretical values. The
ANN results have been shown in Table 6.
Additionally, the error between ANN prediction and

MCNP theoretical values for six shield thickness
given in Table 5 were calculated in this table. From
this table it can be observed that the relative
differences RD% between the MCNP-5 model and
ANN prediction of (u/p) values were in good
agreement.

Table 6. Prediction of gamma-ray dose rate of epoxy samples calculated by MCNP-5 and ANN
at different thickness.

Gamma dose rate of epoxy samples (uSv/h)

Thickness EP/Clay/B4C dose Ep/Mag/B.C
(cm) S1 rate S2
MCNP-5 ANN  °°  MCNP-5 ANN
4.000 0.7887 0.7980
4.125 0.7878 0.7943
4250 07936 07834 00102 0.7759 0.7758
4.375 0.7789 0.7551
4500 07768 07769 0.0001 0.7487 0.7486
4.625 0.7698 0.7368
4750 07637 07581 00056 0.7201 0.7181
4.875 0.7541 07114
5000 07503 0.7502 0.0001 0.6933 0.7031
5.125 0.7405 0.6797
5250  0.7350 0.7351 0.0001 0.6667 0.6662
5.375 0.7318 0.6591
5500 07206 07205 0.0001 0.6423 0.6408
5.625 0.7110 0.6300
5.750 0.7001 0.6283
5.875 0.7089 0.6281
6.000 0.7088 0.6281

0.0001

0.0001

0.0005

0.0015

dose EPIL dose EP dose

rate S3 rate S4 rate

Emor  menes ANN E menps ann BT
0.8158 0.8157
0.8099 0.8111

0.7834 0.7854 0.0020 0.7951 0.7945 0.0006
0.7646 0.7833

0.7577 0.7580 0.0003 0.7797 0.7803 0.0006
0.7419 0.7742

0.002 0.7337 0.7274 0.0163 0.7682 0.7636 0.0046
0.7103 0.7597

0.009 0.7098 0.7097 0.0001 0.7561 0.7560 0.0001
0.7110 0.7467

0.6885 0.7009 0.0224 0.7428 0.7416 0.0012
0.6880 0.7393

0.6657 0.6659 0.0002 0.7301 0.7302 0.0001
0.6591 0.7164
0.6376 0.7124
0.6061 0.7119
0.6060 0.7118

Fig 9 shows a comparison between the simulated
MCNP theoretical values of gamma ray dose rates
for five shield thickness, and their predicted values
for the 17 shield thickness doses. The results show
that the error between the theoretical MCNP-5 and

ANN prediction values for gamma ray dose rates
was very small. Also, values using the two
simulation models were approximately the same.
The results have indicated that prediction using
ANN is a powerful tool.
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Figure 9. Comparison of gamma- ray dose rate calculated by MCNP-5 and ANN values for
different shield thickness.

Radiation protection efficiency RPE %

The estimated radiation protection efficiency
(RPE%) of the investigated epoxy samples at gamma
energies of 0.662, 1.1732 and 1.3385 MeV were
presented in Fig 9. RPE% value in the studied
samples was followed by the linear attenuation
coefficient. From this Figure it can be noticed that
RPE% decreased with the energy increase.
Additionally, it is obvious from the figure that S2 and
S3 were the highest RPE % value, while, S1 and S4
were the lowest value. The RPE% values increased
in order as S2 > S3> S1> S4.

m0.662 Mev
®1.173.2 Mev8'37
m1.338.5 Mev,’

0.27
0.22
0.17
f 0.12
& 0.07
0.02
S1 S2 S3 S4
m0.662 Mev 0.3214 0.3368 0.3308 0.3206
®1.173.2 Mev 0.2632 0.2721 0.2676  0.2587
W 1.338.5 Mev 0.2211 0.2341 0.2254 0.2209
Sample

Figure. 9. Comparison of RPE% for epoxy shields
at energies 0.662, 11732.2 and 1.338.5 MeV.
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Conclusion

In this research, the shielding properties of
different composite materials have been investigated
against gamma -ray. Studying epoxy shielding
parameters such as p, w/p, HVL, TVL, MFP by the
simulated model of Monte Carlo code MCNP-5,
ANN technique and Win X-Com program, showed
that all studied epoxy samples had a higher y, wp
than standard concrete. The S2 and S3 samples with
the highest density and atomic humber have been the
greatest [, [I/p among all samples, and minimal HVL,
TVL, MFP and gamma transmissions. S2 sample
was the best shielding material, while S4 was the
worst. Gamma - ray dose rate for all studied samples
was lower than concrete. Likewise, S2 and S3 were
the best materials shield against gamma dose rate
when compared to standard concrete, and RPE % for
S2 sample showed the highest value while S4 was the
lowest. The predicted results using ANN were almost
very close to the theoretical MCNP-5 and win X-com
results.

Depending on the comparison results, ANN was
found a good prediction of mass attenuation
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