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ARTICLE INFO ABSTRACT

Keywords: Experimental investigations on gamma - rays attenuation parameters and dielectric spectroscopic properties

FTIR were done on a polymeric mixture with chemical composition (100-x) polyethylene + x basalt, where x =0, 1, 3,

HPGe detector 5, 10, and 20 wt%. Using the melting blending technique,six nanocomposite polymeric samples were prepared.

Dielectric constant . . .. .

Transmission factor The linear attenuation coefficient p of each prepared set of samples was measured using a gamma-ray spec-
trometer including High Purity Germanium detector (HPGe) at energies 662.5, 1173.24, and 1332.51 keV. Based
on the measured values of (1) and sample density, the other effective shielding parameters were calculated. the
values of p showed an increase with increasing the dopant ratios from 0.0 up to 20.0 wt%. In addition, the p
values decreased with the photon’s energy. The p values were found 0.0847 up to 0.1175 em™?, 0.0571 up to
0.0855 cm ™, and 0.0543 up to 0.075 cm ™! at 662.5, 1173.24, and 1332.51 keV. for BO up to B20, respectively.
The ATR spectroscopy was done on the prepared samples, and a good evidence of adding the filler to the pure
polyethylene (HDPE) was obtained. Besides, an enhancement in dielectric constant by insertion of basalt NPs also
recorded and can be attributed to the large dielectric constant of basalt compared to pure HDPE.

1. Introduction

We live in an environment that is not free of radiation, and this ra-
diation is considered a double-edged sword because it is considered one
of the sources used in various applications as long as it is directed for
peaceful use. On the contrary, it can be used in non-peaceful uses, and
here lies its danger, which increases this risk because this radiation is not
visible to the naked eye. X- and gamma-rays are found among the
different types of radiation. These two types are uncharged, mass-less,
and highly penetrating ionizing radiations [1,2]. These types of radia-
tions and the charged ionizing ones are used in different applications in
our daily life as agriculture, medical science, research, industry, ecol-
ogy, ....etc. [3-5]. Protection from ionizing radiation is essential, and
three important factors affecting the protection process are distance,
time, and the shielding materials [6,7]. The choice of shielding materials
is crucial and different materials nowadays have been prepared to be a
shield for incident gammas instead of the superior lead due to some
limitations [8]. These materials include glasses, glass ceramics, alloys,
concretes, and polymers [9-18]. One must select suitable materials with
high atomic numbers and density to prevent hazards from gamma rays.
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In this regard, some researchers prepared different materials based on
polymers doped with high-density modifiers to be examined as shielding
materials. Addition of these modifiers to the host polymers enhances
their optical, magnetic, and dielectric properties [3,4,9-18].

Basalt rocks have been used because of the tremendous advantages
that make them able to improve the properties of the materials added to
them. One of the most important advantages is its density of about 3 g
per cm®, improving the shield’s properties against ionizing rays. This
rock is strongly available in Egypt, so it was resorted to using it in this
work [3,4].

This study’s main objective is to perform an experimental investi-
gation to examine the shielding effectiveness of the prepared (100-x)
polyethylene + x basalt, where x = 0, 1, 3, 5, 10, and 20 wt%. The
shielding examination was done via the linear attenuation coefficient (n)
measurements obtained from the photon transmission intensities using a
high-resolution HPGe detector at 662.5,1173.24, and 1332.51 keV.. The
other shielding parameters, including the mass attenuation coefficient
(m), half-value layer (HVL), transmission factor (TF%), radiation pro-
tection efficiency (RPE%), and buildup factors (EBF, EABF), were also
calculated based on the sample thickness (x) and densities (p). In
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addition, the prepared polymers’ structural characterization has been
investigated through attenuation total reflection spectroscopy (ATR).
Finally, the dielectric spectroscopy of the prepared polymers has been
investigated via the dielectric constant (¢) and loss tangent (tan §)
measurements.

2. Experimental procedure
2.1. Preparation methodology

Six nanocomposite polymeric sets of samples coded as BO, B1, B3, B5,
B10, and B20 with the chemical composition (100-x) polyethylene + x
basalt, where x =0, 1, 3, 5, 10, and 20 wt % were prepared by the melt
blending technique [3]. Each set consists of 6 homogeneous sheets of
different thicknesses. The sample density was measured at room tem-
perature (RT) relying on Archimedes’ principle. The chemical compo-
sition of the filler (basalt) was investigated using X-ray fluorescence
(XRF) technique as parts per million (ppm) and presented in Table 1.

2.2. Characterization techniques

ATR of the prepared samples was measured via a spectrometer
Burker in the wavenumber range 4000-400 cm ! at RT. Using HIOKI
3532-50 LCR Hi-tester equipment with a constant applied voltage of 1 V
across a frequency range of 50 Hz to 5 MHz, dielectric spectroscopic
measurements of the B0O-B20 nanocomposites sheets were performed.
Before being inserted between two electrodes under the fixed stress
produced by the spring, the examined BO — B20 nanocomposites with a
diameter of 2 cm were covered at both faces with a thin layer of silver.
Using the software LabVIEW, the measured capacitance (C) and resis-
tance (R) of the BO — B20 nanocomposites under investigation were
recorded 14 times at each applied field frequency.

The dielectric constant (&) and the loss tangent (tan §) are calculated
using the following equations:
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Where g d, A, and f are the free space permittivity, the sample thickness,
the small electrode’s cross-section area, and the applied field frequency,
respectively.

2.3. Gamma-ray shielding using HPGe detector

The prepared samples were examined using a collimated beam of
gamma photons from Cs-137- and Co-60-point sources which were fixed
at 10 cm for the centre of the gamma rays’ detector. The gamma radi-
ation attenuation properties of the synthesized polymer composites. In
the present study, the used gamma-ray spectrometer consists of a 60 %
relative efficiency hyper pure germanium detector (HPGe) connected to
an electric cooling system. The detector has a resolution (FWHM) of 1.9
keV at 1332 keV y-ray line of ®°Co. The detector is connected to a digital
spectrometer DSPC-pro which has a high voltage, advanced spectros-
copy amplifier, and 8 k multichannel analyzer. The prepared samples
were introduced between the gamma source and the detector in a such
way that covered the entrance window of the detector. Each thickness of
the sample was counted for 15 min live time. The net area under the
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photo peak of 662.5, 1173.24, and 1332.51 keV. were estimated and
used to calculate the linear attenuation coefficient p. The advantage of a
gamma spectrometer with a HPGe detector over a Nal spectrometer lies
in the high resolution which makes Germanium unique for dis-
tinguishing between photopeak and Compton scattering plateau of the
same photons.

3. Results and discussion
3.1. Morphology of the prepared samples

Table 1 presents the elemental composition of the basalt filler added
to the pure HDPE. As obtained by XRF spectroscopy, SiO» is the most
prevalent constituent of basalt with 49.96 wt %. Besides, the other ox-
ides forming basalt are Al;O3, CaO, FeO, Fe303, and MgO. To show if
these oxides are contained in the composed mixture or not, EDX analysis
was also performed on BO, B5, and B20 nanocomposite polymeric
samples. The obtained data from EDX are presented in Table 2 and refer
to that for BO (100 wt % HDPE, (CaH4),, so only C is prevalent. For B5
and B20, the C ratio decreased as the HDPE decreased, and one noticed
that Si, Al, Ca, Fe, Mg, etc., were contained in both samples with
increasing ratios moving from B5 to B20. These results ensure that basalt
is successfully modified in the polymer matrix. To study the morphology
of the prepared BO, B5, and B20 samples, the scanning electron micro-
scopy (SEM) was performed and presented in Fig. 1a, b, and c. As pre-
sented in Fig. 1a, homogeneous sheets showed that HDPE is clear as in
BO. The presence of basalt in the mixtures B5 and B20 samples was
investigated where spherical particles were presented on the homoge-
neous surface in the BO sample [19-21]. The densities of the spherical
particles increased in B20 than in the B5 sample, which ensured the
distribution of basalt into the mixture.

3.2. Attenuation total reflection spectroscopy (ATR)

The ATR spectra of pure HDPE (B0) and the modified nanocomposite
B1 - B20 samples were done at RT and the transmittance of the samples
versus wave number in cm ™! were presented in Fig. 2 in the 4000-400
cm L. The left-hand side of this Figure presented characteristic bands
located in the region 3500-3800 cm™! for the O-H bond stretching vi-
bration associated with Hy0 [22,23]. Other absorption peaks at 2914
em ™! and 2844 cm™! are considered symmetrical and asymmetric
stretching vibrations of CHy.

Also, at 1465 cm ™!, a presence of CH, bending; a typical band at 722
em™! represents CH, rocking was also presented [24-26].

It is seen that the four characteristic bands are found without any
change in the peak positions for all prepared polymeric samples; BO
which is basalt free and also B1 — B20 with different ratios of basalt
added as a modifier in the host material.

On the right-hand side of Fig. 2, the transmittance is plotted as a
function of the wave number in the 700-400 cm ! range. In this region,
small shifts in the peak positions were noticed. Also, a decrease and
increase in the peak intensities were noticed which may be attributed to
the possible bond formation with the materials enhanced with basalt
filler added to the pure HDPE.

3.3. Gamma-ray attenuation properties
The dependence of j expressed in cm ™! on the basalt ratios, 0-20 wt

%, is presented in Fig. 3. As seen, p values possess a multiple character;
firstly, it has higher values for the 662.5 keV than 1173.24 and 1332

Table 1

Chemical composition of basalt filler examined by XRF technique.
Oxides SiOy TiO2 Aly03 Fey03 FeO MnO MgO CaO NaO K0 P,0s
Composition, (wt%) 49.96 1.87 15.99 3.85 7.24 0.2 6.84 9.62 2.96 1.12 0.35
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Table 2
EXD analysis for B0, B5, and B20 polymeric samples.
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Sample Elements detected by EDX, weight %

C (0] Na Mg Al Si P K Ca Ti Mn Fe
BO 100 - - - - - - - - - - -
B5 72.6 25.57 0.03 0.09 0.38 0.65 0.05 0.1 0.16 0.01 0.06 0.3
B20 71.46 23.56 0.09 0.21 1.04 2.03 0.05 0.16 0.53 0.1 0.08 0.71

Fig. 1. SEM images of BO (a), B5 (b), and B20 (c) nanocomposites.
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Fig. 2. ATR spectra for BO — B20 nanocomposites at 4000-400 cm .

keV. So, it was linearly decreased with increasing the gamma energies
from 662 to 1332.51 keV. For 662.5 keV, the p values were found 0.0847
up to 0.1175 ecm ™%, 0.0571 up to 0.0855 cm ™! at 1173.24 keV, 0.0543
up to 0.075 cm ! at 1332.51 keV for BO up to B20, respectively. These
measured values for the linear attenuation coefficient showed the other
multiple characters that reflected the linear increase in the p values with
the increase in the filler concentration (basalt wt.%). The obtained linear
decrements might be attributed to the Compton scattering (CS) inter-
action mechanism, which is most dominant in this studied energy zone.
This behavior matches Fig. 4, which presented the p values versus the
photon energy in keV for BO — B20 polymeric samples.

Regarding the density of the samples, the measured values revealed

479

that the enhancement in the filler (basalt) weight percentage in the
composite led to an increase in the density of the samples from 0.945 to
1.33 g/cm® due to the high molecular weight of basalt which approxi-
mately equal 70.85 g/mol which entered the composite as substitutional
of polyethylene polymers with low molecular weight. This density
enhancement also reflected the composite’s shielding capacity.

The linear attenuation coefficient was also calculated theoretically
and presented in Table 3. The experimental results were compared for
measurement accuracy with the theoretical results calculated by the
Phy-X/PSD program [27] and simulated by MCNP Monte Carlo code.
The obtained results showed that the relative difference (RD%) at 662.5
keV ranged between 1.28 and 7.90 %, while at 1173.24 keV, RD ranged
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Fig. 3. p values versus basalt ratio (Wt. %) at 662, 1173, and 1332 keV.

0.12

0.11

0.08 -

0.07 -

0.06

0.05 L 1 L 1 L 1 L 1 L 1 L 1 L 1
600 700 800 900 1000 1100 1200 1300

1400
Photon energy (keV)

Fig. 4. p values in cm™! versus photon energy (keV) for BO — B20 polymers.

from 0.4 to 10.55 %, and at 1332.51 keV, the RD ranged from 4.65 to
9.20 %. These small RD values reflected that the detection methodology
for attenuation parameter measurements reached an acceptable degree.

It is preferable to translate this efficiency into how much distance or
sample thickness can attenuate the incident gamma photons to investi-
gate the shielding capacity of the investigated polymeric samples. To
achieve this, the half-value layer (HVL) was determined from the p
values through the well-known relation; (HVL = 0.693/p).

Like p, HVL seems affected by both the prepared samples’ chemical
composition and the incident energies. The effect of adding the basalt
filler with ratios ranging from 1 to 20 wt% to the polyethylene polymers
on HVL at the three gamma energies 662.5, 1173.24, and 1332.51 keV
was depicted in Fig. 5. This Figure introduced an inverse trend obtained
in Fig. 3 regarding p values. This reverse trend shows that HVL linearly
decreased with increasing basalt in the polymer matrix. At the same
time, it also increased with increasing the incident gammas. Results
revealed that 8.1836 cm is sufficient to stop or attenuate 50 % of the
intensity of the 662 keV radioisotope incident on HDPE (B0 sample).

In comparison, this value decreased linearly to 5.899 cm at adding
20 wt% of basalt forming B20 sample. For attenuating 50 % of the in-
tensity of the Co-60 radioisotope, the sample thickness which seems to
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Table 3

Experimental and theoretical linear attenuation coefficient of the prepared
samples and the corresponding relative difference (RD%) at 662, 1173, and
1332 keV.

Sample  Density, g/cm®  Energy, keV  Linear attenuation coefficient, p
(em™)
Exp. MCNP  RD%
BO 0.945 662 0.0847 0.0831 1.90
1173 0.0571 0.0632 9.72
1332 0.0543 0.0593  8.32
Bl 0.946 662 0.0858 0.0831 3.29
1173 0.0582 0.0632 7.93
1332 0.0541 0.0593 8.71
B3 0.953 662 0.0896 0.0836 7.18
1173 0.0634 0.0636  0.40
1332 0.0569 0.0596  4.65
B5 0.976 662 0.0919 0.0852 7.90
1173 0.0641 0.0649 1.19
1332 0.0565 0.0608 7.05
B10 1.14 662 0.1002 0.0989 1.28
1173 0.0673 0.0753 10.55
1332 0.0640 0.0705  9.20
B20 1.33 662 0.1175 0.1139 3.14
1173 0.0855 0.0866 1.26
1332 0.0757 0.0812  6.77
20
19 r 14
18 - B 662 keV
17 - ® 1173 keV
16 | A 1332 keV B
r 2
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L 4
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Fig. 5. HVL values versus basalt ratio (Wt. %) and input versus photon energy
(keV) for BO — B20 polymers at 662.5, 1173.24, and 1332.51 keV.

be sufficient is 12.1366 cm decreased to reach 8.1015 cm and 12.753 cm
decreased to 9.1546 cm at 1173 and 1332 keV for BO and B20, respec-
tively. In conclusion, at the same energy, HVL decreased and increasing
the photon energy overcame an increase.

Adding the filler with high concentrations in the fabricated poly-
meric samples increases the electron distribution inside the polymer
matrix, which increases the cross-section probability, which means that
the photon interaction probability with the prepared samples is also
increased.

HVL and the other two parameters TVL and MFP were calculated
based on the experimental results. These parameters are connected
inversely with p. Consequently, as presented in Table 4, HVL, TVL, and
MEFP of the BO — B20 samples were calculated from experimental results
at 662.5, 1173.24, and 1332.51 keV. BO — B20 samples exhibit a hybrid
trend; reduced with increasing the filler, despite being increased with
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Table 4
HVL, TVL, MFP of the polymeric samples, and the ratio of HVL of the prepared
samples to HVL of lead at 662, 1173, and 1332 keV.

Material Energy, HVL, Cm TVL, cm MFP, cm HVL waterial/HVL
keVv lead
Lead 662 0.5901 1.9610 0.8515
1173 1.0254 3.4076 1.4797
1332 1.1218 3.7280 1.6188
BO 662 8.1836 27.1959 11.8089 13.8681
1173 12.1366 40.3327 17.5131 11.8360
1332 12.7530 42.3813 18.4026 11.3684
Bl 662 8.0739 26.8314 11.6506 13.6822
1173 11.9031 39.5569 17.1762 11.6083
1332 12.8120 42.5772 18.4877 11.4209
B3 662 7.7340 25.7018 11.1601 13.1062
1173 10.9340 36.3364 15.7778 10.6632
1332 12.1878 40.5030 17.5871 10.8645
B5 662 7.5383 25.0516 10.8778 12.7746
1173 10.8095 35.9226 15.5982 10.5418
1332 12.2611 40.7466 17.6929 10.9299
B10 662 6.9184 22.9915 9.9833 11.7241
1173 10.2956 34.2148 14.8566 10.0406
1332 10.8231 35.9675 15.6177 9.6479
B20 662 5.8990 19.6038 8.5123 9.9967
1173 8.1015 26.9231 11.6904 7.9008
1332 9.1546 30.4227 13.2100 8.1606

increasing the incident photon energy.

Being an optimum and superior shielding material against incident
gammas, the %L“;’ ratio was also calculated at 662, 1173, and 1332
keV to define what extent the prepared materials can shield the incident
gammas compared to lead [6]. This ratio was calculated at the three
gamma energies led to the results presented in Table 4. For BO at 662
keV, this ratio gave 13.8681, this means that HVL of the BO is 13.86
times the HVL of lead. At 1173, this ratio became 11.3. For B5 sample,
the HVL of the prepared material was 12.7, 10.54, and 10.9 times lead at
662, 1173, and 1332 keV, respectively. B20 ratio revealed that 5.89,
8.10, and 9.15 cm are equivalent to 0.59, 1.02, and 1.12 cm of lead
leading to the HVL of the prepared samples was 9.99, 7.9, and 8.16 times
lead. These obtained results show the advantages of adding 20 wt % of
basalt to HDPE to enhance their shielding characteristics against gamma
— rays.

The radiation protection efficiency (RPE) parameter, which indi-
cated the ability of the investigated polymeric BO — B20 materials to be
an effective gamma shield through the measurements of the amount of
energy deposited inside the polymer thickness, also calculated from the
measured photon intensities I and Iy which are the intensity of the
photon beam after and before passing the prepared materials through
the following relation:

RPE(%) — (1 711))(100 3)

0

RPE for the prepared samples was calculated for all samples at the
three studied energies and different polymer thicknesses. Fig. S1 (sup-
plementary materials) presented the RPE% versus sample thicknesses. It
is more obvious from the Figure that the RPE increased linearly with
increasing the sample thickness. Moreover, the RPE increases with
increasing the filler concentration in the polymer matrix. The shielding
efficiency of the prepared samples increased as much energy was
deposited inside the polymers.

In addition, similarly to p, the RPE was plotted against the basalt
ratio at the studied energies 662.5, 1173.24, and 1332.51 keV and
presented in Fig. 6. This Figure revealed that the less the photon energy,
the more the RPE and vice versa. As the photon energy increased, the
RPE decreased, while an overall increase in the RPE was noticed as the
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Fig. 6. RPE % of 1 cm sample thickness at 662, 1173, and 1332 keV.

basalt ratio increased from 0.0 to 20 wt%.

The well-known beer-Lambert law which describes the incidence,
absorbance, and transmission process when a beam hits a material of
thickness t, is presented through the following relation;

1067}” =1

4

Based on this law, it is easy to calculate the transmission factor TF%
(I/1p), a measure of the photons that can penetrate the thickness of the
investigated shielding material.

The TF% is also calculated at the same thickness for all BO — B20
polymers and presented in Fig. S2 (supplementary materials). This
Figure assured that the thicker the polymers, the less the TF, as the
photons make many collisions along their track length. So, it overcomes
a high resistance leading to a decrease in the TF.

Fig. 7 shows the prepared polymers’ TF at 1 cm thickness at 662.5,
1173.24, and 1332.51 keV. This Figure shows that the TF decreased with

96
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Fig. 7. Transmission factor TF% of 1 cm sample thickness at 662, 1173, and
1332 keV.
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the filler enhancement and increased with increasing the incident
gammas. The TF decreased from 92 % to 88 %, 94.44 %-91.8 %, and
94.71 %-92.7 % at 662.5, 1173.24, and 1332.51 keV, respectively. The
increase in the TF trend is related to gamma photons’ penetration power,
that proportional to the photon energy. The buildup factor calculations
determined the accumulated photons inside the prepared BO — B20
polymeric samples. The EBF and EABF were calculated with the online
software version of the Phy-X/PSD program and presented in Figs. S3-S5
(see supplementary materials).

The prepared BO -B20 polymers presented in this study were
compared to many investigated polymers in literature by (Atta et al.,
2015), (Sharma et al., 2020), (Mahmoud et al., 2018a, b) (Akman et al.,
2020), (Li et al., 2017), and (Abdo et al., 2003), [28-34]. The measured
experimental mass attenuation coefficient of our prepared samples
seemed to be suitable for gamma - ray shielding compared to other
prepared materials in literature as styrene butadiene rubber, polyester
concrete doped bismuth oxychloride, high density polyethylene doped
and with out 50 % lead oxide nano filler, polyester doped lead iodide,
basalt fiber with and without erbium oxide, and fiber plastic with and
with out lead. The obtained values were presented in Table S1 and
introduced BO — B20 as a good gamma — ray shield among the polymers
in literature.

3.4. Dielectric spectroscopic studies

Fig. 8 illustrates the dependence of the dielectric constant, €', of BO —
B20 nanocomposites on applied field frequency at RT. It can be
distinctly seen from Fig. 8 that the dependence of the dielectric constant,
¢/, of BO — B20 nanocomposite samples takes a usual trend with an in-
crease in the applied frequency in which the dielectric constant (¢)
dramatically decreases in the low-frequency range and becomes almost
constant in the high-frequency range. The noticed reduction in dielectric
constant during a small frequency range can be assigned to reducing the
orientation polarization contribution with frequency increasing
[35-37]. The effective dielectric permittivity value is determined by the
number of orientable dipoles and their ability to orient with field di-
rection. More specifically, the free functional group dipoles in BO — B20
nanocomposites do not have sufficient time at high frequency to align
with the applied field direction.

Fig. 9 displays the effect of basalt NPs addition to the HDPE matrix on
the dielectric constant at different frequencies 100,400, 1000 kHz. It is
clear from plotted curves that the values of ¢ are generally increased
with an increase in the basalt NPs filler concentration. Nanocomposites’
dielectric constant depends on their components’ dielectric constant and
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Fig. 8. Variation of dielectric constant for the studied BO -B20 nanocomposites
with the applied frequency at RT.

Nuclear Engineering and Technology 56 (2024) 477-484

34t
—a— =100 kH?

32k | —8—f=400kHzZ
—a— = 1000 kH?,

w
(=
T

(54
=)
T

Dielectric constant
2R
L] L]

N~
N~
T

[
>
T

18 1 1 1 1 1 1
B0 B1 B3 BS B10 B20

Sample code

Fig. 9. Variation of dielectric constant with basalt concentration at different
frequencies at RT.

the interfacial zone formed around NPs [38,39]. The enhancement in
dielectric constant by insertion of basalt NPs can be attributed to the
large dielectric constant of basalt compared to pure HDPE.

The fluctuation of the loss tangent, tan 8, of the synthesized BO — B20
nanocomposites with applied frequency is shown in Fig. 10. For all BO —
B20 nanocomposite samples, the dependence of tan on frequency ex-
hibits roughly the same behavior, with tan values decreasing with
increasing frequency during the low-frequency period and becoming
semi-constant over the high-frequency interval. The amount of polari-
zation out of alignment is represented by the loss tangent, or tan, which
is calculated from the relationship between the dielectric loss and the
dielectric constant. Therefore, the observed decrease in tan values of the
studied BO -B20 nanocomposites with an increase in applied frequency
could be attributed to the lowering of the charge carriers’ tunneling
transition [40]. Also, Fig. 10 indicates a sharp increase in tan § value at
frequencies 300 and 4000 Hz. The typical trend has been introduced for
high-density polyethylene (HDPE) loaded with zinc and graphite [41,
42]. This sharp increase has been assigned to the interfacial polarization
mechanism of heterogeneous systems. Also, Fig. 10 indicates that tan 8
values’ pronounced dependency on the studied nanocomposites’ basalt

- B0 -e-Bl
—A—B3 —y—B5
—4—B10 —— B20

1000000

100 1000 10000 100000

Frequency, Hz

Fig. 10. Variation of tan & for BO — B20 nanocomposites with the applied fre-
quency at RT.
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concentration does not appear. This can be assigned to competition
between two opposite influences due to basalt NPs addition on the
conductivity of the created composite: reduction of the mobility of
charge carriers in polymer due to trapping of free charges in the in-
terface’s zones and the enhancement in density of charge carriers due to
inorganic filler [43,44].

4. Conclusion

In the current study, the attenuation parameters of the prepared
HDPE doped with basalt powder nano particles increasing from 0.0 to
20.0 wt % with the two radioisotopes Cs-137 and Co-60. Besides, the
morphology of the prepared samples, structure, and dielectric properties
were also investigated. The p values were found to be 0.0847-0.1175
em ™!, 0.0571-0.0855 cm ', 0.0543-0.075 cm ' at 662, 1173, and
1332 keV, for BO- B20, respectively. Also, the HVL was found 12.1366
cm and 12.7530 cm for pure polymer without any modifications at 1173
KeV. These values decreased to be 8.1015 and 9.24 cm for B20 polymer
sample. In addition, with increasing the sample thickness and the filler
concentration, the RPE was linearly increased. The TF decreased from
92 % to 88 %, 94.44 %-91.8 %, and 94.71 %-92.7 % at 662, 1173, and
1332 keV, respectively. The increase in the TF trend is related to gamma
photons’ penetration power, that proportional to the photon energy. The
FTIR spectra for BO — B20 samples revealed that four characteristic
bands are found without any change in the peak positions at 4000-400
cm™ L. besides that, the existence of the filler in the mixture was
confirmed by a small shift in the peak positions was noticed as well as a
decrease and increase in the peak intensities at 700-400 cm™'. The
dielectric constant was enhanced with the enhancement of the filler
concentration in the polymer matrix, and this might be due to the large
dielectric constant of basalt compared to pure HDPE.
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