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Abstract: The present work aims to study the effect of the
CuSO, additive on the physical and radiation-shielding
properties of polyepoxide resins. As a result, a series of
four samples with the chemical composition xCuSO, +
(100 - x) (epoxy resin and hardener) was synthesized.
The fabrication of samples was performed under atmo-
spheric pressure and at room temperature. The density
of the fabricated CuSO,-doped polyepoxides resin was
measured experimentally using an MH-300A densimeter
with an accuracy of 0.001 mg-cm>. A narrow beam transrmis-
sion method with an Nal (T1) detector was used to evaluate
and describe the effect of CuSO,4 on the linear attenuation
coefficient of the fabricated composites in the y-ray energy
interval, which ranged between 33 and 1,332 keV. The esti-
mated results showed a high enhancement in the ¢ values
that increased from 0.259 to 1.749 cm™, raising the CuSO,
concentration from 0 to 40 wt% at a y-photon energy of
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33 keV. The enhancement in the y values decreased with an
increase in the y-photon energy to 1,332 keV, whereas the u
values increased from 0.077 to 0.102 cm™ with an increase in
the CuSO, concentration between 0 and 40 wt%, respectively.
This showed that increased u values positively affected the
half-value thickness (45, cm), mean free path (A, cm), lead
equivalent thickness (deq, cm), and the transmission factor
(%); all of the mentioned parameters suffer a considerable
decrease with increasing CuSO, concentration between 0 and
40 wt%.

Keywords: shielding properties, polyepoxides resin, copper()
sulfate, narrow beam transmission method

1 Introduction

Radiation is a type of energy that originates from a source,
travels across space, and has the potential to penetrate a
variety of materials. Ionizing radiation and nonionizing
radiation are the two basic classifications of radiation
based on their capacity to ionize materials (1,2). Nonio-
nizing radiation like visible light, radio waves, and micro-
waves do not have enough energy to pick up electrons
from the atom (3). Ionizing radiation is electromagnetic
radiation that has a higher energy than nonionizing radia-
tion, enabling it to eject electrons from atoms and generate
ions. Ionizing radiation is made up of various particles and
photons, like X-rays, y rays, alpha, beta, etc. (4). The use of
high-energy ionizing radiation, particularly y-radiation, is
growing swiftly in a variety of disciplines, covering indus-
tries, nuclear reactors, medical diagnostics, nuclear research
facilities, food irradiation, nuclear waste storage sites, bio-
logical investigations, defect detection in casting processes,
nuclear medical imaging and therapy, space exploration,
high-energy physics experiments, etc. (5,6).

Because y-rays are so powerful and piercing, uninten-
tional exposure to them can have negative effects on humans,
the environment, and other objects. Additionally, this may
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result in radiation sickness, organ damage, cancer, cell muta-
tions, component failure, and other undesirable effects in
humans (7). Thus, a specific focus is required for the creation
of innovative y-ray protective materials. Along with the
employees’ proximity to the radioactive isotopes, one must
also take into account the energy and activity concentration
of the radioactive sources (8). The two well-known radiation
shields with the highest densities are concrete and steel (9);
however, they are unbending and inflexible. As a result, these
materials are ideal for shielding applications involving radio-
active sources, nuclear power plants (NPPs), and rooms.
Recently, several studies detailed the usage of various mate-
rials for radiation shielding in NPPs, hospitals, and X-ray facil-
ities, including concrete, glasses, ceramics, and alloys (10-12).

Polymers typically have fairly poor mechanical prop-
erties but their flexibility makes them helpful in applica-
tions where this property is needed. They typically deform
under heavy loads and strain. By introducing inorganic par-
ticles via reinforcing processes, mechanical qualities like
tensile strength, modulus, or stiffness can be improved (13).

By adjusting the volume percentage, shape, and size of
the filler particles, these qualities can be customized. The
reinforcement of nanofillers with a very large aspect ratio
and stiffness in a polymer matrix can result in superior
improvement in mechanical characteristics (14).

Many researchers have recently worked to create inno-
vative solutions for trash recycling and treatment involving
polymer composite materials (15). To create ecologically
friendly and sustainable materials, recycling and the addi-
tion of various filler elements to recycled polymers that can
be composted easily (16) are crucial (17). There have been
numerous attempts to use biodegradable fillers that can also
improve the performance of the composite (18,19). Other
researchers were focused on creating thermoplastic compo-
sites using recyclable fibers to reduce the usage of fillers
while preserving a healthy, clean environment (20,21).

The current work is novel in that it aims to create a new
non-expensive lightweight polymer composite that can attenuate
low- and intermediate-energy y-ray photons and test its ability to
withstand y-ray energies emitted by radioactive isotopes used in
medical and industrial applications.

2 Materials and methods

2.1 Sample preparation

The copper ions showed better radiation-shielding proper-
ties than Fe ions and other heavy metallic ions. Therefore,
the ability of CuSO, powder to enhance the y-ray shielding
properties of epoxy materials was investigated. A series of

DE GRUYTER

polyepoxide resins consisting of four samples was rein-
forced with various concentrations of the CuSO, compound
(the purity of CuSO, was =99.95%, and was supplied by
Himreactiv, Yekaterinburg, Russia). The equation (100 -
x) (part A + part B) + xPbO, where x = 0%, 10%, or 40%
by weight, demonstrated the chemical composition of the
four samples, where part A is the polyepoxides resin, while
part B is the curing agent. Additionally, SlabDOC (Ivanovo,
Russia) with a purity of 98% supplies the epoxy (parts A
and B). The required amounts from each component con-
stituting the composite (part A, part B, and CuSO,) were
determined accurately using an electronic balance with an
accuracy of +0.01mg. For all fabricated composites, the
resin-to-curing agent was kept constant at 2:1. A vertical
blender was used to mix the composite components for
15 min. After that, the mixture was cast in a silicon cylind-
rical mold with dimensions of 3 cm x 3 cm. The solidifica-
tion of the synthesized samples was performed at room
temperature overnight. The density of the fabricated con-
crete was determined using a MXBAOHENG MH-300A den-
sity meter (Guangdong, China) and the immersing liquid
was water with a density p, = 1g-cm™, according to the
Archimedes principle (see Eq. 1). The uncertainty in the
density measurements was +0.001 g-cm ™ (22,23).

(W, - W)
W,

Peomposite’ g 'Cm_g] = PL @

Density|
where W, and Wy, are the weight of the composite in the
dry air and immersing liquid, respectively.

2.2 Structural characterization

The characterization of the polymer samples was per-
formed using X-ray diffraction (XRD)(Malvern Panalytical
Empyrean device model, 2020, Netherlands). About 200 mg
of each sample was pounded by hand (an agate mortar) to
reach a powder size of 0.1 mm. Then, a continuous scan
was applied with 0.03 step size (26) at 40 kV and 30 mA for
a tube of Cu target and Ni filter.

A scanning electron microscope (SEM; Thermo Scientific
Prisma E, USA), assisted with the EDX device, was used to
determine the chemical composition (Table 1) of the studied
polyepoxide-doped CuSO, composites as well as its morpholo-
gical characteristics. SEM images were captured using an accel-
erating voltage of 30 kV and a magnification factor of 300x.

2.3 y-ray shielding evaluation

The y-ray shielding properties were evaluated experimen-
tally using the narrow beam transmission method and a
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Table 1: Chemical composition of the fabricated composites as detected
by EDX spectroscopy

E-Cu0% Chemical composition (wt%)
E-Cu10% E-Cu20% E-Cu40%

C 63.7 59.3 56.6 42.8

0 36.1 35.4 37 46.8

S 0 0.1 2 2.8

cl 0.2 0.2 0.1 0.1

Cu 2.1 43 7.6

p(gem™) 1127 1.186 1.271 1.424 +0.028
+0.022 +0.023 +0.025

Nal (T1) detector, as illustrated in Figure 1. The count for
radioactive sources (Ba-133, Na-22, Cs-137, and Co-60) was
detected before and after using the fabricated composites.
Moreover, the thickness of the fabricated composites was
measured using a micrometer with an uncertainty of
0.01 um. The linear attenuation coefficient (u, cm ™) repre-
sents the slope of the relation between the experimentally
measured counts Ln(N,/Ny and the composite thick-
ness (24,25):

No

— 2
N 2

I
-1 =_1
u (cm™) Xn

where N, and N; are the total emitted photon number
and transmitted photon number, respectively. The mass
attenuation coefficient (u,, cm’*g™?) can be determined
according to Eq. 3 based on the y and p material values:

Computer

Outer shielding of lead

Figure 1: The experimental setup for the experimental measurements.
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The thickness required to absorb half of the applied
y-photons is known as the half-value thickness (445, cm),
where it is inversely proportional to the u value, as illu-
strated in Eq. 4. Additionally, the transmission factor (TF,
%) and the radiation protection efficiency (RPE, %) for the
fabricated composites can be determined based on the
recorded values of N,, N;, and N;, according to Egs. 5 and 6:

DAos (cm) 4
TF(%) = % % 100 5)
RPE(%) = % % 100 ®)

0

3 Results and discussion

3.1 Physical properties

The density of the fabricated composites was measured
experimentally, as illustrated in Figure 2. The CuSO, com-
pound partially replaced the epoxy (polyepoxides resin

and hardener) in the composites, which made the compo-
sites denser. The density increased by a factor of 26.35%,
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Figure 2: The variation of the fabricated polymetric samples versus
CuS0O,4 concentrations.

where it increased from 1.127 to 1424 gcm™ with an
increase in the CuSO, concentration from 0 to 40 wt%.
This increase is due to the partial replacement of the light
epoxy material with a density of 1.127 g-cm™ by dense
CusS0, (p = 3.65g-cm™).

3.2 XRD

XRD is a powerful technique that can be used to charac-
terize the structure and properties of materials. It is a
valuable tool for studying the interaction between poly-
mers and other materials (26). The XRD pattern of a
polymer doped with 10% and 40% CuSO, is similar, but
the intensity of 40% CuSO, peaks is high compared to the
sample with 10% CuSO, (Figure 3). This behavior is attrib-
uted to the concentration of CuSO, in the sample. The posi-
tion of the CuSO,4 peaks is the same for both samples, and
no shift in 26 values is detected; moreover, the crystal
structure of CuSO, is the same regardless of the concentra-
tion. The presence of CuSO, peaks in the XRD pattern indi-
cates that CuSO, has been successfully doped into the
polymer. The intensity of the CuSO, peaks can be used to
determine the concentration of CuSO, in the sample. Here
is an example of the XRD pattern of a polymer doped with
10% CuSO, concentration: the X-ray diffraction pattern
matches with PDF-Card No (72-1299) of copper sulfate
hydrate (CuSO4 (H;0)s). The most intense peak appears at
20 = 19.95° with a d-spacing of 4.44 A. However, the PDF-
Card No (76-689) of copper sulfate hydrate (CuSO4(H,0)3):
the most intense peak appears at 20 = 18.63° with a
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Figure 3: XRD diffraction pattern of epoxy (E-Cu0%) and epoxy-rein-
forced CuSO, composites (E-Cu10% and E-Cu20%).

d-spacing of 4.75 A (27). The XRD pattern of a polymer-
doped CuSO, can be used to study the crystal structure of
t CuSOy, the concentration of CuSO, in the sample, and the
interaction between the CuSO, and the polymer. The pre-
sence of new peaks in the XRD pattern may indicate that
CuSOy4 has caused the polymer to crystallize or that it has
created new defects in the polymer (28).

The chemical composition obtained from SEM-EDX for
the fabricated polyepoxides-reinforced CuSO, composites
shows an increase in the Cu concentrations by increasing
the CuSO, doping ratio in the fabricated composites. The
increase in the Cu concentration is accompanied by a
reduction in the C and O concentrations, which consisted
of the pure polyepoxide resin (Table 1). Therefore, the EDX
spectra affirm the diffusion of CuSO, fillers in the fabri-
cated samples, as well as the presence of polyepoxide resin,
and traces of Ca, Ti, and Ni in the samples.

The backscattered electron images of the investigated
samples show the distribution of the CuSO, composites
within the fabricated composites, as illustrated in Figure 4.
The SEM images showed an increase in the filler particles
with an increase in the CuSO, concentration; moreover, the
grain size of the filler particles varied up to 22 um.

3.3 Radiation shielding capacity

The linear attenuation coefficient measures and predicts the
capacity of the current polymer to attenuate the incoming
photon energy. The intensity of incoming photons affected
the variation in polymer composite thickness. Figure 5
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Figure 4: SEM and EDX analysis for the fabricated epoxy-based CuSO, composites. (a) E-Cu0%, (b) E-Cu20%, and (c) E-Cu40%.
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Figure 5: Variation of the In(N,/N) versus the composite thickness (cm).

illustrates that the transmitted intensity of the incoming
photon affects the thickness of the polymer composites,
which increased from 0.5 to 5cm. This variation is due to
the ability of the polymer composites (E-Cu) to decrease the
intensity of the incoming photons and allow part of them to
pass and transmit through the composite materials (slope).
This is called the linear attenuation coefficient. We can
observe in Figure 5 that the linear attenuation coefficient
values varied from 0.10 to 0.14 cm for E-Cu0% and E-Cu40%,
respectively.

Figure 6 shows the changes in the linear attenuation
coefficients of the investigated polymer composites depending
on the energy of the photons that hit them. The linear attenua-
tion coefficient values of the E-Cu composites decrease when
the incoming photon energy increases from 33 to 1,332 keV.
At a minimum energy range of 33-662keV, the incoming
y-photons interact with the polymer composites and attenuate
a large amount of the photons, while the rest penetrate the
materials. In this range of energy, the dominant interaction is
a photoelectric effect (PE), and its cross-section is inversely
proportional to the incoming photon energy I. With the
increase in the incoming photon energy, the y values are
diminished due to the second type of interaction called
Compton scattering (CS). Through the CS interaction, some
of the incoming y photons are slowed down inside the
polymer composites, while the rest have enough energy to
go outside the material, where the cross-section (CS « ZE~ 1
is measured. At high y photon energies, the interaction will be

governed by the pair production (PP) phenomenon, where the
result of the interaction is two electrons. Figure 6 reveals that
at a low photon energy of 33keV, the maximum values of u
vary from 0.259 to 1.749cm™ for the polymer composites
E-Cu0% and E-Cu40%, respectively. At a high photon energy
of 1,332 keV, minimum y values between 0.077 and 0.10 em?
are obtained for the polymer composites E-Cu0% and E-
Cu40%, respectively.

—8— E-Cu0% —— E-Cul0%
184 1 o

E-Cu20% E-Cu40%

T T T T ; T T

600 700 800 900 1000 1100 1200 1300  14p0
i s v- photon energy (keV)

024 g N

——— - = o

L m—

T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400
Y- photon energy (keV)

Figure 6: Dependence of the linear attenuation coefficient (4, cm™) on
the incident y-photon energy.
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Figure 7: Variation of y values versus CuSO4-doping concentrations.

The second effect of the p values is the variation
of CuSO, in the polymer composites (Figure 7). The addi-
tion of CuSO, to the polymer composites leads to an
improvement in their physical properties. The compact-
ness of the polymer composite molecules increased, and
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the interactions between the incoming photons and the
molecules of materials increased. Thus, the polymer com-
posites have the ability to attenuate the incoming y
photons. Figure 7 shows the results of tests that changed
with the concentration of CuSO, at three different incoming
y energies: 33, 662, and 1,173 keV. The lowest experimental
values of the u are 0.259, 0.107, and 0.078 em ™! at 33, 662, and
1,173 keV, respectively, with a low CuSO,4 concentration of 0
wt%, while the highest values are 0.259, 0.107, and 0.078 em™
at 33, 662, and 1,173 keV, respectively, with a high CuSO, con-
centration of 40 wt%.

The mass attenuation coefficient (u,, cm*g™) for the
fabricated E-Cu composites was evaluated based on the
experimental u values as well as the measured density
for the synthesized composites. The u,, values increased
with increasing concentration of the additive CuSO,,
yielding0.0980, 0.1153, 0.1132, and 0.1030 cm*g ", respec-
tively, for E-Cu0%, E-Cul0%, E-Cu20%, E-Cu40% compo-
sites, at a y-ray energy of 662keV. In order to validate
the shielding capacity of the fabricated E-Cu composites,
the aforementioned u,, values were compared to those of
some polymetric composites (29-38), as demonstrated in
Figure 8. According to the comparative results shown in
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Figure 8: Comparison between the mass attenuation coefficient (uy,, cm*g™") of the fabricated E-Cu composites and those of previously reported

polymetric composites.
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Figure 9: Variation of the half-value thickness (445, cm) values versus the
incident y-photon energy.

Figure 8, the highest u,, values were recorded for HDP
nano-PbO (50%), with an m value of 0.1140 cm*g™, at a
y-photon energy of 662 keV. The fabricated composites in
the current study have u, values better than that reported
for composites E@PbO, E@Cu0, E@Halloysite, E@Bi,03,
E@Basalt, SBR-TiO,, SBR-Fe,03, SBR-ZnO, SBRMoO, poly-
ster-Bi,03 (10%), polyster-Bi,03 (15%), polyster-Bi,03 (20%),
HDP, polyster-PbI2 (10%), polyster-PbI2 (20%), polyacryla-
mide-ZnO (5%), polyacrylamide-ZnO (10%), polyacryla-
mide-ZnO (15%), polyacrylamide-ZnO (20%), UP-nanoclay,
UP-nanoclay-PbO (10%), UP-nanoclay-PhO (20%), UP-nanoclay-
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PbO (30%), Per hydro-polysilaxane, Polydimethyl silaxane,
methylsilses quioxane, silalkalyene polymer, pure epoxy,
epoxy/Al,03 (6%), epoxy/Al,03 (15%), epoxy/Fe,03 (6%),
epoxy/Fe,03 (15%) with py, values of 0.0730, 0.0678, 0.0655,
0.0722, 0.0603, 0.0258, 0.0262, 0.0284, 0.0304, 0.0798, 0.0851,
0.0848, 0.0790, 0.0820, 0.0849, 0.0820, 0.0810, 0.0810, 0.0800,
0.0740, 0.0780, 0.0830, 0.0840, 0.0810, 0.0820, 0.0800, 0.0810,
0.0832, 0.0824, 0.0827, 0.0827, and 0.0814 cm*g™, respec-
tively, at 662 keV.

Compared to Figure 6, Figure 9 shows that the half-
value layer (4,5) values increase with the increase in the
incoming y-photon energy from 33 to 1,332 keV. The polymer
composite material has enough resistance to reduce the
incoming photon energy to half through the interactions.
At constant CuSO, concentrations, the 45 values changed
gradually with increasing incoming y-photon energy. The
variation of the highest 4,5 values is between 2.68 and
9.05 cm at zero CuSO,4 concentrations (E-Cu0%). This clarifies
that the polymer composites with zero CuSO, concentra-
tions do not have enough resistance to diminish the
incoming y-photon energy to a half through interactions
with PE, CS, and PP. In contrast, when the concentration
of CuSO, inside the polymer composites increases from
10% to 40%, the 0.5 values decrease. At a high CuSO, con-
centration (E-Cu40%), the minimum values range from
0.40 to 6.78 cm.

Figure 10 shows the mean free path (4, cm) and the
lead equivalent thickness (4q, cm) measured experimen-
tally (for example, when the incoming energy of a y photon
is 81keV). Figure 10 demonstrates the variation of A and Aeq

6.0 ' '
L 8.0 80
5.5 L5 [
81 keV (7S 7S
5.0 4 \ 70 L0
1 L6s |
L 6.5
4.5 —B—Ajs(cm)| | I ’
L 6.0
\ —m— ) (cm) I - 6.0
4.0 1 i 7.7Aeq (cm) -—5.5 55
3.5 20 Lso
] L45 |
304 I L 4.5
L a0 |
I L 4.0
25 T T T T T T T T 3.5
0 10 20 30 40

CuSO, concentration (wt.%)

Figure 10: Dependence of the half-value thickness (4q.s, cm), mean free path (4, cm), and lead equivalent thickness (4eq, cm) versus CuSO4

concentrations.
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values with e CuSO, concentrations, where the A values
decrease from 7.32 to 4.27 cm. This decrease is because
the number of collisions is lower when the concentration
of CuS0Oy in the polymer composites increases from 10% to
40%. As a result, the y photons' capacity to permeate the
polymer composite materials also increases.

The A.q values are calculated to describe the equiva-
lent thickness of the polymer composite material that can
be applied to obtain the same performance of lead to
attenuate the incoming y photons. The variations between
the Aqq values and the incoming photon energies are gra-
phically presented in Figure 10. As illustrated in Figure 10,
the 4.y values decrease with an increase in the CuSO, con-
centrations from 10% to 40% inside the synthetic polymer
composites. This decrease is observed in the PE interaction,
where the decrease in p values of pure Pb is higher than
the calculated u values of the fabricated polymer compo-
sites. For instance, the A.q values reduced from 7.40 to
4.32 cm when CuSO, doping increased from 0% to 40%.

The TF of the synthetic polymer composites was com-
puted and is presented in Figure 7. Figure 7 shows the
changes in TF as the energy of the incoming y photons
increases from 33 to 1,332 keV at different concentrations
of CuSO,. The TF values decrease from 66% to 7% at a low y
energy of 33keV with an increase in the concentration of
CuSO, from 0% to 40%. Under the application of a low y
energy range, the y photons interact inside the polymer
composites, and the dominant interaction is PE. Therefore,
the y photons do not have the energy to transmit through
the polymer composite material. Consequently, the TF will
decrease with an increase in the percentage of CuSO, con-
centrations. As the energy of the incoming y photons

100
90 - 1 I I 100
| | | |
go-im
—
70 4 §/§ 80
/.
60 - S
S 60 m
< 50 —m—TF (%), E-Cu0% — M~ RPE (%), E-Cu0% 5
& —O— TF (%), E-Cu40%—C1— RPE (%), E-Cu40%
40 -
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y-photon energy (keV)

Figure 11: Variation of the transmission values (TF%) and radiation
protection efficiency (RPE%) versus the incident y-photon energy for E-
Cu0% and E-Cu40% samples.
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Figure 12: Variation of the transmission values (TF%) and radiation
protection efficiency (RPE%) versus the CuSO,4 concentration at a y-
photon energy of 662 keV.

increases, CS interactions become more common. Hence,
a small amount of y energy can be used to collect photons
inside the polymer composite material. Figure 11 also
shows the RPE values with the increasing incoming
y-photon energy of the polymer composites. The incoming
photons with high energies will penetrate the polymer com-
posite materials, and the RPE values will be diminished. For
example, at a low y energy of 33keV, the RPE alternated
between an increase of 33% and 92% for the E-Cu0% and
E-Cu40%, respectively, while with the application of high
y energy (1,332 keV), the RPE values decreased and changed
between 11% and 14% for the E-Cu0% and E-Cu40%,
respectively.
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Figure 13: Dependence of the transmission values (TF%) and radiation
protection efficiency (RPE%) on the fabricated composites thickness (cm)
at a y-photon energy of 662 keV.
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Figure 12 shows the changes in TF and RPE values
when CuSO, is added to the polymer composites studied
with a thickness of 1 cm and a y-photon energy of 662 keV. TF
and RPE values have inverse relations with the increasing
concentrations of CuSO, in the polymer composites. When
the CuSO, concentrations increased from 0% to 40%, the TF
values decreased from 84% to 80% and RPE increased from
16% to 20%. This increase in the RPE values, which leads to
the polymer composite material, will impulse the y photons to
escape outside (i.e., N, increase). Therefore, the transmission
rate will decrease (i.e., N; decrease) with the increase of CuSO,
concentrations.

Figure 13 manifests the mutation of TF and RPE data by
elevating the thickness of the polymer composite materials
from 0.5 to 5 cm. Two polymer composites with CuSO,4 con-
centrations of 0% and 40% with a constant y energy
(662 keV) were used to study this change. The thickness
of the polymer composites has a significant effect on the
TF and RPE values. y photons can easily pass through com-
posite materials with a thickness of 0.5cm and a low
impulse. For E-Cu0% and E-Cu40%, the TF values drop
from 95% to 92% and the RPE increases from 5% to 7%.
With the increased thickness of the composites, the y
photons will make a lot of interactions, and their transmis-
sion (TF) decreases, accompanied by an increase in the
impulse (RPE) of the polymer composite material.

4 Conclusion

Because of the high y-ray interaction cross-section for Cu, it
is utilized in the current study to modify the radiation
shielding properties of polyepoxide resins. Therefore, a
series of four polyepoxide resins reinforced with various
concentrations of CuSO, was created. According to the den-
sity experimental examination, the addition of CuSO, con-
tents to the polyepoxide resin enhances its density where
the synthesized composites’ density increased by 26% when
the CuSO, concentration changed from 0 to 40 wt% in
the synthesized composites. Additionally, the experimental
examination of the fabricated composites shielding capacity
shows an enhancement in their linear attenuation coeffi-
cient with an increase in the CuSO, concentration within
the fabricated composites. The fabricated composites’ linear
attenuation coefficient enhanced by 71.48%, 51.27%, 32.76%,
27.43%, and 33.50% at y-photon energies of 81, 122, 662, 1,173,
and 1,332 keV, respectively, when the CuSO, concentration
increased from 0 and 40 wt%. The enhancement in the
linear attenuation coefficient decreased the Ags, A, A¢q, and
TF values. The current synthesized composites have good

DE GRUYTER

shielding capacity and can be used in shielding low and
intermediate y-ray energies in y knife, radiotherapy, and
X-ray rooms, according to the comparison of the mass
attenuation coefficient of the fabricated composites with
the previously reported polymetric material.
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