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Abstract

In this study, the shielding parameters for Glycidyl methacrylate
with different ratio of Barite and Boron Carbide Polymer composites
were theoretically calculated. The mass attenuation coefficients
have been calculated at the photon energy range of 1 keV-1
GeV by using XCom program. The obtained data will be used to
calculate the effective atomic number (Z_,) and effective electron
density (N,,) for the same range of energy. The macroscopic fast
neutron removal cross-sections have also been calculated. The
dependence of mass attenuation coefficients and the macroscopic
fast neutron removal cross-sections on chemical composition of
the selected polymer composites have been discussed. Also, the
dependence of characteristics gamma-ray shielding parameters for
the composite on incident photon energy has been studied. Barite
shows up as good attenuating material, while Boron samples are
relatively weak gamma-ray attenuators. The effect of the compound
composition appears obviously in this study. As well as, the
obtained results through this study can be utilized to comprehend
the shielding effectiveness of this composite.
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Introduction

Due to the increasing nuclear applications in different fields
makes nuclear radiation to play an important role in our daily life.
Various beneficial applications of different types of radiations are in
the field of medicine, industry, agriculture, and research. Neutron and
gamma-ray sources are not only dangerous to human being but also
to sensitive laboratory equipment’s. Radiation shielding is necessary
to protect penetrative neutrons and gamma-rays. The intensity of
penetrating radiation such as neutrons and gamma-rays is varied
by three factors: time, distance and shielding. The most effective
method for attenuation of radiation is shielding [1]. Filler-reinforced
polymers have gained increasing attention from X-ray technologists
in radiation shielding since polymers have great potential in many
important applications by virtue of their unique properties, such as
low density, the ability to form intricate shapes, optical transparency,
low manufacturing cost, and toughness. One of the filler-reinforced
polymers commonly used for radiation shielding is lead acrylic.
Moreover, some researchers have also tried to synthesize nano-sized
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filler-reinforced polymers for radiation shielding by virtue of the size
effect in X-ray attenuation [2-4].

The mass attenuation coefficient, u/p, is a measure of the average
number of interactions between incident photons and matter
that occur in a given mass-per-unit area thickness of the material
encountered [5]. Accurate values of the mass attenuation coefficient,
u/p, are required in the nuclear diagnostics, radiation protection,
nuclear medicine, radiation biophysics, radiation dosimetry to
obtain essential data. The mass attenuation coefficients are also
used to determine photon penetration and energy deposition in the
biological and other materials [6-8]. The mass attenuation coefficients
can be obtained from different database [9] and XCom program
[10]. Because of photon interaction cross-section for elements of
the composite material, a single atomic number is a characteristic of
element will not describe the atomic number of composite material
in all energy ranges. So a new number for composite materials is
called to be effective atomic number, Z , suggested by [9] and it varies
with energy. Determination of the effective atomic number, Z , and
the effective electron number per unit mass, N, which is another
important parameter for composite materials is very important in the
fields of many technological applications and nuclear medicine for the
calculation of dose in radiation therapy and medical imaging [6,11].

Neutron penetration in shielding is characterized by several
parameters such as the effective removal cross-sections, the
macroscopic thermal neutron cross-section. Effective removal
cross-section, ¥, (cm*/g) is a measure of the probability that fast or
fission energy neutron undergoes a first collision, which removes it
from the group of the penetrative un-collided neutrons [12,13]. It is
approximately constant for neutron energies between 2 and 12 MeV.
The concept of ¥, is used as long as the shielding material under
investigation contains some scattering nuclides. However, when there
are no scattering nuclides around the beam another quantity, the total
mass neutron cross-section ¥, (cm?*/g), is used. Observed values of the
X, are roughly 2/3 of ¥ for neutrons of energies in the range from 6
to 8 MeV [14-17].

In this work, the total mass attenuation coefficient (y ) has been
determined theoretically by using XCom code at energies from 1 keV
to 1 GeV. Since the effective atomic number, Z o and the effective
electron number per unit mass, N_;, are widespread use; this study
is focusing on calculating the effective atomic number and effective
electron density of polymer composites with different barite and
boron carbide percentages. Also, the effective removal cross-section
has been calculated theoretically by using the values of removal cross-
section of elements which constitute the polymer composition. The
elemental composition for the Glycidyl methacrylate with different
ratio of Barite and Boron Carbide Composite are displayed in Table 1.

Methodology of Calculations

Gamma-ray and neutron radiation shielding parameters for
Barite and Boron Carbide Polymer composites were theoretically
calculated as following:

Gamma-ray calculations

When a gamma-ray passes through a matter, its intensity
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Table 1: Abbreviation and elemental composition and density for glycidyl methacrylate with different ratio of barite and boron carbide composite.

Element Fraction by weight
Barite 0% (P1) Barite 5% (PB2) Barite 10% (PB3) |Barite 15% (PB4) |Barite 20% (PB5) |Barite 25% (PB6) |Barite 30% (PB7)
p=1.07 g/cm? p=1.24g/cm? p=1.41g/cm?® p=1.58 g/cm?® p=1.75 g/cm? p=1.92 g/cm?® p=2.09 g/cm?®
H 0.070904 0.067359 0.063814 0.060268 0.056723 0.053178 0.049633
C 0.591448 0.561876 0.532303 0.502731 0.473158 0.443586 0.414014
O 0.337648 0.334476 0.331304 0.328132 0.32496 0.321788 0.318616
S 0 0.00687 0.013739 0.020609 0.027478 0.034348 0.041218
Ba 0 0.02942 0.05884 0.08826 0.11768 0.1471 0.17652
Element Boron carbide 0% |Boron carbide 5% |Boron carbide 10% Boron carbide 15% |Boron carbide 20% |Boron carbide 25% |Boron carbide 30%
(P1) (PBC2) (PBC3) (PBC4) (PBC5) (PBC6) (PBC7)
p=1.07 g/cm?® p=1.14 g/lcm?® p=1.21 g/lcm® p=1.28 g/lcm?® p=1.36 g/cm® p=1.43 g/lcm® p=1.50 g/cm?®
H 0.070904 0.067359 0.063814 0.060268 0.056723 0.053178 0.049633
B 0 0.039131 0.078263 0.117394 0.156525 0.195657 0.234788
o] 0.591448 0.572744 0.554041 0.535337 0.516633 0.497929 0.479226
o 0.337648 0.320766 0.303883 0.287001 0.270118 0.253236 0.236354
Element Barites 0% Barite 2.5% Barite 5% Barite 7.5% Barite 10% Barite 12.5% Barite 15%
Boron carbide 0% |Boron carbide Boron carbide 5% |Boron carbide Boron carbide 10% |Boron carbide Boron carbide 15%
(P1) 2.5% (PBBC2) (PBBC3) 7.5% (PBBC4) (PBBCS5) 12.5% (PBBC6) (PBBC?)
p=1.07 g/cm? p=1.19 g/cm?® p=1.13 g/lcm? p=1.43 g/cm?® p=1.55 g/cm? p=1.67 g/cm?® p=1.79 g/cm?
H 0.070904 0.067359 0.063814 0.060268 0.056723 0.053178 0.049633
B 0 0.019566 0.039131 0.058697 0.078263 0.097828 0.117394
C 0.591448 0.56731 0.543172 0.519034 0.494896 0.470758 0.44662
(0] 0.337648 0.327621 0.317594 0.307566 0.297539 0.287512 0.277485
S 0 0.003435 0.00687 0.010304 0.013739 0.017174 0.020609
Ba 0 0.01471 0.02942 0.04413 0.05884 0.07355 0.08826
progressively reduces as a consequence of interactions between hioi
photons and atoms. The mass attenuation coeflicient y/p, (cm?/g) is Zep=~= - )
a measure of the average number of interactions that occur between jn_i—J
photons and matter. .Zj
For a chemical compound one has
Consider first a chemical compound. The formulas will later be fo D M ®)

generalized to mixtures as well. The total photon interaction cross-

section, o, per molecule can be written as follows:

Gm=z niGi
-

The total number, n, of atoms in the molecule is

(1)

Where n, is the number of atoms of the i constituent element,
and o, is total photon interaction cross-section per atom of element i.

S n
J

Where Y, /= 1 Rewriting Eq. (7) in terms of molar, fractions give

Zeti=

ZJ

the more general expression

Zi fici

£
Z
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n=z ni
i

Suppose that the cross-section per molecule can be written in
terms of an effective (average) cross-section, o, per atom and an
effective cross-section, o, per electron as follows:

Onm—NO=NZcftOe (3)

From the first equality of Eq. (3) the effective cross-section per
atom is given by:

1
A= — iGi 4
GnEH(S (4)

In the same way, the effective cross-section per electron is given

by: 1 .
o

o=—) ni—
n-; Zi

It follows from the last equality of Eq. (3) that the effective atomic
number can be written as:

Oa
Zet=—

Oe
By inserting the expressions (4) and (5) for 0, and o,;:

©)

(6)

Eq. (9) is then the basic relation for calculating the effective atomic
number for all types of materials, compounds as well as mixtures.
The atomic cross-section, o, of the i constituent element, is
related to the corresponding mass attenuation coefficient, (p/p)i,
through the relation:
o= [ M
Nalp

Where A, is the atomic mass and N, is the Avogadro constant.
Useful expressions in terms of the mass attenuation coeflicient can
be obtained by inserting expression (10) for o, in the equations of the
previous section.

(10

Consider first a chemical compound. Inserting the expression
(10) for o, in Eq. (7) gives the following relation for Z :

]

Zefi= i (1 1)

e Page2o0f9 e



Volume 8 ¢ Issue 2 » 1000189

Citation: Osman AM (2019) Investigation of Shielding Parameters for Barite and Boron Carbide Polymer Composite. J Nucl Ene Sci Power Generat Technol 8. 2.

Eq. (11) can be used for calculating the effective atomic number of
both compounds and mixtures.

The effective atomic number, Z_, is closely related to the electron
density, N_, which is expressed in a number of electrons per unit mass.

For a chemical element, the electron density is given by Nu= NaZ This

expression can be generalized to a compound, and one has

Ne=Na nZett
zi niAi
Zeit
Na=—

(12)
(A)

Where (A) is the average atomic mass of the compound? It can be
shown that the electron density also is given by
B

p

Net=-~—=

(13)
Ge

Where p/p is the total mass attenuation coefficient of the
compound, and o, is the electronic cross-section given by Eq. (5). In
the case of Compton scattering, the Klein-Nishina cross-section can
be used for o,.

Fast neutron calculations

The interaction of neutrons with the atoms described by the
total microscopic cross-section (0,), expresses the probability that
a neutron of given energy interacts with the atoms of the traversed
material and it is defined as the sum of the microscopic cross-section
scattering (o) and the microscopic cross-section absorption (o).

G=0stCa (14)

The neutrons attenuation during their passage through a material
medium depends not only on the microscopic cross-section but
also on the number of nuclei within this environment. The physical
quantity bounding these two parameters is called total macroscopic
cross-section denoted (3 ) and defined by [18,19]:

_ pNaGt
R

Where (p) is the density (g/cm’), N, is Avogadros number and
A is the atomic mass. In the same way as a photons beam, when the
parallel beam of monoenergetic neutrons passes through a material
medium, it will be attenuated due to absorption and scattering. The
attenuation of neutrons in matter follows the following law:

(15)

I:IOe_ZIx (16)
where I and I are the incidents and transmitted intensities, x(cm)
is the thickness of the material medium and }, represents the total
macroscopic cross-section.

So the case of fast neutron attenuation is described by another
parameter called the removal cross-section, denoted by (£,) (cm™)
and is different from the total macroscopic cross-section but it has
a fraction of it. The removal cross-section presents the probability
that a fast or fission-energy neutron undergoes a first collision, which
removes it from the group of penetrating un-collided neutrons.

For energies between 2 and 12 MeV, the effective removal cross-
section will be almost constant when the traversed medium contains
a large amount of hydrogen }, -3 and when materials contain a

small fraction of hydrogen Z,E%Z, for energy between 6 and 8

MeV. A material sample having as components: simple elements
and compounds, its removal cross-section is given by the following
formula [14-17]:

zrv(%)

== (17)
fi
Where Wi, (p) and (},/p), are respectively the partial density (g/
cm?®), density and mass removal cross-section of the ith constituent.
The partial density of the i constituent is given by:

W=(t)(p), (18)

Where (t,) is the weight fraction of the i* constituent and (p), is
the sample density.

In this study, the effective removal cross-section (},) of fast
neutrons has been calculated for polymer composites with different
ratios of barite and boron carbide by using Eqn. 17. The values of the
mass removal cross-sections of the elements that constitute of these
materials are taken from [20,21].

Results and Discussion

In this study, the basic radiation parameters of polymer composites
with different ratios of Barite and Boron Carbide were studies by the
direct method over a wide photon energy range from 1 keV to 1 GeV
using XCom program. These parameters are the u/p, Z , N .. As well
as the effective removal cross-section (3,/p) of fast neutrons has been
calculated for the investigated Samples.

The Z ,and N_; values of Polymer composites (equal proportions
of barite and boron carbide) are given in Tables 2 and 3 only for total
photon interaction. The tables present Z .and N ; values in the energy
range from 1 keV to 20 MeV, however, the values for the energy range
from 1 keV to 1 GeV are displayed in graphical results. The elemental
composition of materials used in this work, its fractions by weight and
calculated (3, /p) values are listed in Table 4.

Mass attenuation coefficients

The dependence of mass attenuation coefficient p/p of polymer
composites to photon energy is shown in Figures 1-3. While in
Figure 4 only results from (PB5) sample on the variations of the u/p
for total and partial photon interactions were shown. It is seen from
the figure that different dominant interaction processes on different
energy regions. There are three energy ranges relative to the partial
processes: p h otoelectric absorption at low energies, incoherent
(Compton) scattering at intermediate energies and pair production
at high energies. In Figure 4, the curve of Compton scattering is split
up because it dependent on probability of photon interaction by
incoherent scattering for each energy.

Effective atomic number, Z

The value of Z  for a composite material is a very useful parameter
for some applications such as physical, technological and engineering.
This value can provide an estimation of the chemical composition of
the material and it can be also utilized in the computation of absorbed
dose in radiation therapy etc. In this work, Z  values for Polymer
composites (equal proportions of barite and boron carbide) were
calculated by using Eqn. (11) and given in Table 2.

The variation of Z .of photon energy for total interaction processes
in all-polymer composites is shown in Figures 5-7. These figures show
that the minimum value of Z  is found around intermediate energies
(0.1>E<8 MeV). It is clear that Z  increases with increasing of energy
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Table 2: Effective atomic number of polymer composites for total photon interaction (with coherent).

Energy (MeV) (PBBC1) (PBBC2) (PBBC3) (PBBC4) (PBBC5) (PBBC6) (PBBC7)
1E-3 7.08 9.65 121 14.3 16.5 18.5 20.5
0.0015 7.1 13.8 19 23.3 26.9 29.9 32.4
0.002 7.13 19.4 27 32.2 36 38.8 411
0.003 7.16 34.3 423 46.1 48.3 49.8 50.8
0.004 717 42.1 47.4 49.5 50.7 51.4 51.9
0.005 7.18 471 50.6 52 52.7 53.1 53.4
0.006 7.18 50.8 53 53.8 54.3 54.5 54.7
0.008 7.18 53.3 54.5 54.9 55.1 55.2 55.3

0.01 717 54.4 55.1 55.3 55.4 55.5 55.5
0.015 7.07 55.5 55.7 55.8 55.8 55.8 55.8
0.02 6.91 55.6 55.8 55.8 55.8 55.9 55.9
0.03 6.62 55.7 55.8 55.9 55.9 55.9 55.9
0.04 6.46 55.3 55.6 55.7 55.8 55.8 55.8
0.05 6.39 54.8 55.4 55.6 55.7 55.8 55.8
0.06 6.36 54.1 55 55.4 55.5 55.6 55.7
0.08 6.33 54 55 55.3 55.5 55.6 55.7

0.1 6.32 55.3 55.7 55.8 55.8 55.9 55.9
0.15 6.32 55.4 55.7 55.8 55.8 55.9 55.9

0.2 6.32 55.4 55.7 55.8 55.8 55.9 55.9

0.3 6.32 55.6 55.8 55.9 55.9 55.9 55.9

0.4 6.32 55.6 55.8 55.9 55.9 55.9 55.9

0.5 6.32 55.6 55.8 55.9 55.9 55.9 55.9

0.6 6.32 55.7 55.8 55.9 55.9 55.9 56

0.8 6.32 55.7 55.9 55.9 55.9 55.9 56

1.0 6.32 55.5 55.7 55.8 55.9 55.9 55.9
1.022 6.32 55.1 55.5 55.7 55.8 55.8 55.9
1.25 6.32 53.6 54.8 55.2 55.4 55.5 55.6

1.5 6.32 51.4 53.6 54.4 54.8 55.1 55.2

2.0 6.32 455 50.2 52.1 53 53.6 54

2.044 6.32 39.7 46.4 49.2 50.8 51.8 52.5

3 6.33 52.8 54.4 54.9 55.2 55.4 55.5

4 6.35 52.8 54.4 54.9 55.2 55.4 55.5

5 6.36 51 53.4 54.3 54.7 55 55.2

6 6.37 49 52.3 53.5 54.1 54.5 54.8

7 6.38 43.6 49 51.2 52.3 53.1 53.6

8 6.4 38 45.1 48.3 50.1 51.2 52

9 6.41 25.8 34.5 39.4 42.6 44.8 46.4

10 6.42 19.1 26.8 32 35.7 38.5 40.6

1 6.43 13.5 19 23.3 26.8 29.7 32.2

12 6.44 11.6 15.9 19.6 227 25.4 27.8

13 6.45 10.8 14.5 17.7 20.6 23.1 25.4

14 6.46 10.3 13.7 16.7 19.3 21.7 23.9

15 6.47 9.69 12.6 15.2 17.7 19.8 21.9

16 6.48 9.35 12 14.4 16.6 18.7 20.6

18 6.49 9.41 121 14.5 16.8 18.9 20.8

20 6.5 9.18 1.7 13.9 16.1 18 19.9

Table 3: Effective electron density (electron/g) of polymer composites for total photon interaction (with coherent).

Energy (MeV) (PBBC1) (PBBC2) (PBBC3) (PBBC4) (PBBC5) (PBBC6) (PBBC7)
1E-3 6E23 1.27E24 1.58E24 1.88E24 2.16E24 2.43E24 2.68E24
0.0015 6.03E23 1.81E24 2.5E24 3.06E24 3.52E24 3.91E24 4.24E24
0.002 6.05E23 2.54E24 3.54E24 4.22E24 4.71E24 5.08E24 5.37E24
0.003 6.07E23 4.5E24 5.54E24 6.04E24 6.33E24 6.51E24 6.64E24
0.004 6.08E23 5.52E24 6.21E24 6.49E24 6.63E24 6.72E24 6.78E24
0.005 6.08E23 6.18E24 6.64E24 6.81E24 6.9E24 6.95E24 6.98E24
0.006 6.09E23 6.67E24 6.96E24 7.06E24 7.1E24 7.13E24 7.15E24
0.008 6.08E23 TE24 7.14E24 7.19E24 7.21E24 7.22E24 7.23E24
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0.01 6.07E23 7.13E24 7.22E24 7.25E24 7.26E24 7.26E24 7.26E24

0.015 5.99E23 7.28E24 7.3E24 7.31E24 7.31E24 7.3E24 7.3E24

0.02 5.86E23 7.3E24 7.31E24 7.32E24 7.31E24 7.31E24 7.31E24

0.03 5.61E23 7.3E24 7.32E24 7.32E24 7.32E24 7.31E24 7.31E24

0.04 5.47E23 7.26E24 7.3E24 7.3E24 7.31E24 7.3E24 7.3E24

0.05 5.41E23 7.2E24 7.27TE24 7.29E24 7.29E24 7.29E24 7.29E24

0.06 5.39E23 7.1E24 7.22E24 7.25E24 7.27TE24 7.28E24 7.28E24

0.08 5.37E23 7.09E24 7.21E24 7.25E24 7.27TE24 7.28E24 7.28E24

0.1 5.36E23 7.26E24 7.3E24 7.31E24 7.31E24 7.31E24 7.31E24

0.15 5.36E23 7.27E24 7.3E24 7.31E24 7.31E24 7.31E24 7.31E24

0.2 5.36E23 7.27TE24 7.3E24 7.31E24 7.31E24 7.31E24 7.31E24

0.3 5.36E23 7.3E24 7.32E24 7.32E24 7.32E24 7.32E24 7.31E24

0.4 5.36E23 7.3E24 7.32E24 7.32E24 7.32E24 7.32E24 7.31E24

0.5 5.36E23 7.3E24 7.32E24 7.32E24 7.32E24 7.32E24 7.31E24

0.6 5.36E23 7.31E24 7.32E24 7.33E24 7.32E24 7.32E24 7.32E24

0.8 5.36E23 7.31E24 7.33E24 7.33E24 7.32E24 7.32E24 7.32E24

1 5.36E23 7.28E24 7.31E24 7.32E24 7.32E24 7.31E24 7.31E24

1.022 5.36E23 7.23E24 7.28E24 7.3E24 7.3E24 7.3E24 7.3E24

1.25 5.36E23 7.04E24 7.19E24 7.23E24 7.26E24 7.27TE24 7.27TE24

1.5 5.36E23 6.75E24 7.04E24 7.13E24 7.18E24 7.21E24 7.22E24

2 5.36E23 5.98E24 6.59E24 6.82E24 6.94E24 7.02E24 7.06E24

2.044 5.36E23 5.22E24 6.08E24 6.45E24 6.66E24 6.78E24 6.87E24

3 5.37E23 6.93E24 7.13E24 7.2E24 7.23E24 7.24E24 7.25E24

4 5.38E23 6.93E24 7.13E24 7.2E24 7.23E24 7.24E24 7.25E24

5 5.39E23 6.7E24 7.01E24 7.11E24 7.17E24 7.19E24 7.21E24

6 5.4E23 6.43E24 6.86E24 7.01E24 7.09E24 7.13E24 7.16E24

7 5.41E23 5.73E24 6.43E24 6.71E24 6.85E24 6.95E24 7.01E24

8 5.42E23 4.99E24 5.92E24 6.33E24 6.55E24 6.7E24 6.8E24

9 5.43E23 3.39E24 4.53E24 5.17E24 5.58E24 5.86E24 6.07E24

10 5.44E23 2.51E24 3.51E24 4.19E24 4.67E24 5.03E24 5.31E24

1 5.45E23 1.77E24 2.49E24 3.05E24 3.51E24 3.89E24 4.21E24

12 5.46E23 1.53E24 2.09E24 2.57E24 2.97E24 3.33E24 3.63E24

13 5.47E23 1.41E24 1.9E24 2.33E24 2.7E24 3.03E24 3.32E24

14 5.47E23 1.35E24 1.79E24 2.18E24 2.53E24 2.84E24 3.12E24

15 5.48E23 1.27E24 1.65E24 2E24 2.31E24 2.6E24 2.86E24

16 5.49E23 1.23E24 1.57E24 1.89E24 2.18E24 2.45E24 2.69E24

18 5.5E23 1.24E24 1.58E24 1.9E24 2.2E24 2.47E24 2.72E24

20 5.51E23 1.21E24 1.53E24 1.83E24 2.1E24 2.36E24 2.60E24

Tl Clodtors o e s e st (o) s o ot ndon [PRC[RSTEGE [oatotarts 25750

' carbide addition (PBBC3)[8.16E-02

This work Published Results (PBBC4)[7.95E-02

Sample code 2RIp (cm™) |Sample JR/p (cm")@ (PBBCS5) |7.74E-02

Barite addition (P1) 8.58E-02  |Ordinary concrete|3.41E-02 (PBBCS) |7.53E-02
(PB2) 8.31E-02 (PBBC7) |7.32E-02
(PB3)  |8.04E-02
(PB4) |7.77E-02 from 1 keV to 300 keV and then it remains constant even with further
(PBS)  |7.50E-02 increase in energy.
(PB6)  |7.23E-02
(PB7) |6.96E-02 Figure 8a and 8b show plots of p/p versus Zg for the incident

Boron carbide (PBC2) |8.43E-02 |Magnetite 3.61E-02 photon energy. As clearly seen that p/p increases linearly with

addition concrete increasing Z .. This work was carried out for low and intermediate
(PBC3) |8.28E-02 photon energies. Photons in the keV range are important in radiation
(PBC4) |8.13E-02 biology as well as in medical diagnostics and therapy. In the composite
(PBC5) |7.98E-02 materials, the interaction (such as absorption and scattering) of y-or
(PBC6) |7.83E-02 X-rays is related to Z . value of composite materials and the energy
(PBC7) |7.68E-02 of incident photons. At low photon energies, the photoelectric
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Figure 1: The variation of mass attenuation coefficient of polymer composites
(barite addition) with photon energy for total interaction (with coherent).

2x10° -

Mass Attenuation Coefficient (gfcm’)

T
10° 10 10° 10°
Energy (MeV)
Figure 2: The variation of the mass attenuation coefficient of polymer

composites (boron carbide addition) with photon energy for total interaction
(with coherent).
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Figure 3: The variation of the mass attenuation coefficient of polymer

composites (barite and boron carbide addition) with photon energy for total
interaction (with coherent).

interaction is the main photon interaction process and dependence
of atomic number is dominant for the interaction of a photon with
matter.
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Figure 4: The variation of mass attenuation coefficient for (PB5) sample
against photon energy for total and partial interactions.
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Figure 5: The variation of the effective atomic number of polymer composites
(barite addition) with photon energy for total interaction (with coherent).
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Figure 6: The variation of the effective atomic number of polymer composites
(boron carbide addition) with photon energy for total interaction (with coherent).

Effective electron density, N,

The variation of N ;. of polymer composites with photon energy
for total photon interaction is shown in Figures 9-11. It is observed
that N shows similar trends to Z .
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Effective removal cross-sections of fast neutrons samples. This means that the investigated samples are more effective

as fast neutron attenuators than the common materials used in that
The results of calculated (¥, /p) for the investigated composites field

are given in Table 4. It can be seen from these tables that the obtained

values for (3, /p) are ranged from 6.96E-02, for (PB7) sample, to Figure 12 has shown the calculated effective removal cross-
8.58E-02, for (P1) sample. The results obtained were compared with ~ sections of fast neutrons for polymer composites as a function of
the special values of three types of concrete [22] as shown in Table  fraction by weight for each sample. It was found that the (3, /p)
4, which showed a relative increase in the values of the investigated =~ depends on the elemental composition and it is clear that the most
important parameter affecting neutron attenuation is the amount of
hydrogen in the sample. This can be attributed to the fact that the

St . . . . hydrogen has a higher value of (3 /p).
E=o
) D As shown from Figure 12, the higher concentration of hydrogen
~* e ——15% in the chemical composition of the polymer without any addition in
5 L0 o comparison to that of the other samples with different ratios of barite
5 —$—30% and boron carbide explain the greater value of (3_,/p) for the polymer
2 o g in comparison to values of (3,/p) for other samples. While the low
o

= value of (3,/p) observed for (PB7) sample is mainly due to the low
g > o ———— ¥ —3 concentration of hydrogen in the material. Then, it is concluded that

] 3 — % g . . . .
5 0 I . S—— —— I : the concentration of hydrogen in the polymer is the most important
parameter that affects the attenuation of fast neutrons in such

: : : : : materials.
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Energy (MeV) At first sight, we can conclude from these results that the (P1)
. - e of ber of ool sample is the most effective material for neutron shielding, which is
igure 7: The variation of the effective atomic number of polymer composites . . .
(barite and boron carbide addition) with photon energy for total interaction nqt trl'le' For an' effective attenuation of fast neutrons in thev nevutron
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Figure 8: (a): Effective atomic numbers (Z,,) as a function of mass attenuation coefficient (u/p) (for photon energy of 50 keV); (b): Effective atomic numbers (Z_,)
as a function of mass attenuation coefficient (u/p) (for photon energy of 10 MeV).
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Figure 11: The variation of effective electron density of polymer composites
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Figure 12: Effective removal cross-sections of fast neutrons for polymer
composites.

sample. This is not the case for (P1) sample because it does not contain
boron which is a good absorber to reduce the production of secondary
gamma rays during the absorption of thermalized neutrons. So, the
most effective materials for neutron shielding are (PBC7) sample
which contains 30% boron carbide and has a high (3 /p).

As well as if we talk about a mixed beam of neutron and gamma
rays, the effective shielding material is (PBBC7) sample. This due to,
it’s containing a good absorber for both neutrons and gamma rays. So
we can conclude that it is rather the sample (PBC7), (PBBC7) which
is the most effective material for neutron and gamma-ray shielding
because it has a relatively high (3 ,/p) and contains barites as a photon
absorber.

Conclusion

The present study gives the values for the total macroscopic
effective removal cross-section of fast neutrons (Z,/p) and the
gamma-rays mass attenuation coefficients, effective atomic numbers
and effective electron densities of polymer composites reinforced
with different percentages of barites and boron carbide (0-30%). The
gamma-ray calculations were performed for the investigated samples
over a wide range of photon energies from 1 keV to 1 GeV. The results
obtained from this work show that the total macroscopic effective
removal cross-section (,/p) is dependent on chemical content and

the total mass attenuation coefficient () is dependent on the incident
photon energy and chemical content.

The obtained values of the attenuation coefficient show that (PB)
and (PBBC) composites have nearly the same attenuation curves
and the attenuation coeflicient of these two materials are slightly
higher than (PBC) composite. I can also conclude from this work
that (PBC7) composite is a good material for neutrons shielding
applications, whilst (PB7) composite are slightly better than those of
the other composite for gamma rays shielding applications. Finally,
the (PBBC7) composite are slightly better than those of the other
composite for mixed beam (neutrons and gamma-rays) shielding
applications.

Moreover, the obtained results are helpful in understanding the
interaction of neutron and y-ray with polymer reinforced composites,
which has been used in the fabrication of new shielding material. As
well as, these results can be used as a database for designers of nuclear
technology.
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