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ABSTRACT

Researchers have studied the possibility of various polymer composites for radiation shielding applications. 
Lightness and non-toxicity of these materials are their significant advantages compared to Pb base traditional 

and common shields. In this research, polyethylene (HDPE)-based composites for shielding against X-ray 
radiations were prepared by utilizing several weight fractions of the nano tungsten oxide, bismuth oxide, and 
barium sulfate, which were decorated on nanographene oxide (10, 15, 20, and 25 wt%). The linear and mass 
attenuation coefficient values of samples were investigated experimentally with an X-ray tube at radiology energy 
ranges and estimated theoretically by using MCNP code (Mont Carlo Nanoparticle program). Results illustrate 
that by increasing the nanoparticles content, the linear attenuation coefficient parameter and the absorbed dose 
values increased dramatically. The shielding efficiency of the prepared samples has been shown by measuring the 
HVL values. Furthermore, the effect of sample thicknesses on the attenuation properties of nanocomposites was 
studied in this research. The morphological properties of the samples were evaluated with SEM. The collected 
results showed that the particle size of the nanoparticles used has a uniform dispersion in the polymer matrix. The 
mechanical properties of nanocomposite samples were characterized by DMTA and tensile test. Nanocomposites 
containing 20% and 25% of tungsten oxide and bismuth oxide particles reached to 88% and 90% dose absorption, 
respectively. Polyolefins J (2022) 9: 73-83
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treatments [2, 3]. The heaviness, toxicity, and environmental  
hazards of lead are the most important drawbacks of  
utilizing lead-based shielding materials [4].

Polymer nanocomposites, which include metal or 
metal oxide fillers, are gaining considerable attention 
to be used as an alternative to traditional and common 
shields due to their specific properties such as light 
weight. Among different classes of materials utilized 

INTRODUCTION

X-rays and gamma rays have various applications in 
medical fields, healthcare and aerospace industries. 
So, protecting living bodies from harmful radiations is  
essential in nuclear sciences and industries for shielding 
against these radiations. The use of shielding materials is 
one of the practical ways to protect against radiation [1]. 
Lead-based shields are common equipment for personal  
protection against X-ray radiation during medical  
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for shielding applications [5], polyethylene-based 
composites are efficient in absorbing high-energy 
waves [6, 7]. Furthermore, polyethylene is low cost, 
recyclable, and nontoxic [8].

Polyolefins such as polypropylene, polyethylene, 
etc., have high chemical stability, which emanates 
from C-C bonds in their structure. Adding nanofillers 
into these materials leads to the achievement of nano- 
composites with better mechanical/chemical properties.  
In addition, adding heavy metal fillers with shielding 
function to polyolefins creates a new application in 
these composites and enables them to perform as a  
shielding material against X-ray and gamma radiations  
[5, 6]. Mahmoud et al. fabricated polyethylene composites 
with the addition of 10% and 50% of lead oxide fillers 
[9]. According to the authors, the HDPE/PbO nano-
composite has lower effect on the density of polymer 
matrix. Eren and coworkers employed linear low  
density-polyethylene (LLDPE) as a matrix and utilized 
different weight percentages of PbO and WO3 to  
fabricate shielding materials in regard to the  
electromagnetic radiation [10]. Kaloshkin and coworkers  
reported that UHMWPE composites loaded with bo-
ron carbide (B4C) and tungsten nanoparticle have an  
appropriate attenuation toward gamma rays. According 
to the authors, there was a direct relationship between 
the linear attenuation coefficient and weight fraction  
[11]. Laurenzi and coworkers investigated the attenuation  
properties of nanocomposites containing MDPE  
matrix and the effect of various additives on the 
shielding mechanism [12]. The authors observed that  
the utilized polyethylene reduced the power of radiations  
through simulated sources such as GCR (galactic  
cosmic radiation).

Afshar et al. investigated the radiation attenuation 
performance of high-density polyethylene (HDPE)  
composites loaded with W, MoS2, and B4C particles. 
They demonstrated that flexible HDPE/45% W plate 
composite has a significant shielding efficiency 
against X-ray and gamma ray when comparing to the 
lead plate [13].

Here, HDPE-based nanocomposites loaded with 
different weight fractions of tungsten oxide, bismuth 
oxide, and barium sulfate (10, 15, 20, and 25% wt.) 
decorated on graphene oxide were employed and their 
shielding performance against X-ray radiations were 

investigated and evaluated by different methods. In 
this study, graphene oxide (GO) was fabricated by 
the modified Hummers method, and then nano WO3/
Bi2O3/BaSO4 particles were decorated on the surface 
of GO. The use of a multi-step method involving 
decorating nanoparticles on graphene oxide and then 
blending reinforced composites containing GO/WO3/ 
Bi2O3/BaSO4 at different filler loadings improved the 
attenuation performance of the composites fabricated.  
It was realized that decorating the surface of GO with 
the mentioned particles leads to the homogenous  
distribution and dispersion of nanoparticles in the 
polymer matrix and as a result developing lightweight  
polymeric composites against X-ray at various energies. 
The use of HDPE as a polymer matrix was high due to 
its excellent characteristics, such as low cost, process 
ability, and high physical and mechanical character-
istics. HDPE-based shields can be used in the range 
of radiology wavelengths and in medical applications.

EXPERIMENTAL 

Materials
To synthesize graphene oxide (GO) and nanoparticles,  
H2SO4, KMNO4, ethanol, H3PO4, H2O2, graphite, acetone,  
NH3, and HCL were supplied from Merck. Nanobarium 
sulfate with an average particle size of 30-40nm was  
supplied from Sigma Aldrich Co. (USA). Nanotungsten  
oxide particles with an average diameter size of 20-30 nm 
was provided from Nanosany Corporation, Lewiston,  
USA. Nanobismuth oxide metal powder with an average 
size of 30-40 nm was provided from Zibo Jiashitai 
Technology Co. (China). High density polyethylene 
grade 52518 was supplied from Jam Petrochemical 
Company (Bushehr, Iran).

Graphene oxide synthesis
For producing GO, Hummer’s method was employed. 
In this case, 2L H2SO4 was poured in a round-bottom 
flask then stirred (300 rpm) with heating at about 50°C. 
Afterward, 50 g KMNO4 was added to the H2SO4. Next, 
10 g graphite was added to the suspension. Thereafter, 
110 mL H3PO4 was added to the pervious suspension, 
and after that the suspension was stirred (500 rpm) 
for 72 h with simultaneous heating (50°C). Next, the 
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suspension was poured in a vacuum ice-bound flask. 
Thereafter, 10 mL H2O2 was poured into the suspension 
slowly and after that the vacuum flask was filled with 
deionized water. The suspension was fixed for 48 h  
until the fillers precipitated. Subsequently, the suspension 
was filtered and the remained fillers on the filter paper 
were washed with HCL in order to remove the metal 
ions and washed with deionized water to neutralize the 
pH of the suspension. Finally, the resulting materials 
were dried for 1 h at 80°C in a heating oven and placed 
in the humidity reduction chamber for 48 h [14,15].

Decorating tungsten and bismuth oxide on GO (T-B-G)
In order to decorate nanotungsten and bismuth oxide 
on the nanographene oxide surface,1 gr GO was 
added into 100 mL ethanol and rotated at 50°C for 
10 min (Scheme 1). Then, the allocated ethanol/GO 
suspension, 5 gr tungsten oxide, and 5 gr bismuth  
oxide were added to 250 mL deionized H2O and reacted 
for 0.5 h at 60°C. Afterward, 40 mL NH3 and 10 mL  
HCl were poured in the round-bottom flask, relatively. 
The final suspension was stirred for two days at 8°C. 
Then, the fillers were collected through filtration and 
were washed with deionized H2O. Eventually, the 
achieved fillers, which labeled as T-B-G, were dried at 
100°C. This method was employed in order to achieve 
better dispersion of nanoparticles on the polymer  
matrix [16].

Decorating barium sulfate on GO (Ba-G)
In order to decorate nanobarium sulfate on the graphene  
oxide, 1 g GO was added into 100 mL ethanol and  
rotated at 50°C for 10 min. Then, the mentioned ethanol/ 
GO suspension, and 10 g barium sulfate were introduced 
in 250 mL deionized H2O and reacted for 0.5 h at 

60°C. Next, 40 mL NH3 and 10 mL HCL were poured  
in the round-bottom flask, relatively. The final  
suspension was stirred for two days at 80°C. Thus, 
the fillers were gathered through filtration and washed 
with deionized H2O. Eventually the achieved fillers, 
which labeled as Ba-G, were dried at 100°C (Scheme 
1). This method was employed in order to achieve 
better dispersion of nanoparticles on the polymer  
matrix [16].

Preparation of nanocomposites samples
40 g of high density polyethylene with different weight 
fractions of synthesized graphene-decorated nanopar-
ticles involving 0, 10, 15, 20, and 25% were mixed 
in an internal mixer at 200°C and 80 rpm for 10 min. 
As mentioned, the samples were prepared through 
melt blending method and then labeled according to 
Table 1. Samples were prepared in a sheet form with 
hot press. The dimensions of samples are 10cm×10cm 
with 1mm thickness. The thickness of the samples 
was controlled by laminating and overlay sheets at the  
desirable thicknesses.

Characterization 
FTIR spectroscopy was performed using a Thermo  
Science, Nicolet Is5 infrared spectrophotometer (USA). 
The morphology of the synthesized samples was  
studied by a VEGA scanning electron microscope 
(SEM) (TESCAN, Czech Republic). The linear  
attenuation coefficient (µ) parameter of the prepared 
nanocomposites was measured by employing an X-ray  
tube (micro-CT imaging using their LOTUS-NDT 
scanner), and tensile properties were measured according  
to ASTM D638 (Instron, England) [17]. The linear  
attenuation value (µ) was achieved using equation 1:

Table1. Combination of the synthesized nanocomposite 
samples.

Sample PE (wt. %) T-B-G (wt. %) Ba-G (wt. %)

PE-0
PE-A-10
PE-A-15
PE-A-20
PE-A-25
PE-B-10
PE-B-15
PE-B-20
PE-B-25

100
90
85
80
75
90
85
80
75

0
10
15
20
25
0
0
0
0

0
0
0
0
0

10
15
20
25

Scheme 1. Decorating nanoparticles on graphene surface 
and its efficiency against X-ray. 
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1 ln oI
x I

µ =        (1)

where x is the material thickness and I and I0 are the 
deducted number of counts recorded in the detector 
with and without material between the detector and 
the source, respectively, and irradiation time was 60 s. 
By employing the linear attenuation coefficients, the 
mass attenuation coefficients (μ/ρ) will be achieved. 
The efficiency of X-ray shielding can be described by 
the half value layer (HVL) of a sample. The HVL is  
the thicknesses of an absorber that will reduce the  
radiation to half [18,19].

1/2
ln 2x
µ

=         (2)

Furthermore, equivalent lead thickness for each sam-
ple was measured by employing the Beer-Lambert 
equation [14]:

( / ) ( / )sample sample sample Lead Lead LeadX Xµ ρ ρ µ ρ ρ× × = × ×  
  (3)

where (μ/ρ)Sample, ρSample, xSample, (μ/ρ)Lead, ρLead and xLead 
are the total attenuation of sample (with coherent  
scattering), the density of sample, the thickness of 
sample, the total attenuation of lead, the density of 
lead and the thickness of lead, respectively [16].

  ) 1000( water

water air

Hounsfield unit HU
µ µ
µ µ

−
= ×

−
    (4)

where μwater and μair are, respectively, the linear attenuation 
coefficients of water and air.

Therefore, a change of one Hounsfield unit (HU)  
displays a change of 0.1% of the attenuation coefficient  
of water since the attenuation coefficient of air is nearly zero.

This definition is for CT scanners that are calibrated 
with reference to water.

RESULTS AND DISCUSSION

FTIR study of GO, tungsten oxide, bismuth oxide, 
barium sulfate, T-B-G, Ba-G
To peruse the decoration of tungsten and bismuth 
oxides on the surface of graphene oxide, FTIR spec-

troscopy was employed. Recorded spectrums for 
GO, tungsten oxide, bismuth oxides, and T-B-G can 
be seen in Figure 1. According to the obtained spec-
trum of GO, the specific peak in 3200-3600 cm-1 is 
due to the hydroxyl segment of alcohols and phenols, 
and the bands at 1630 and 1725 cm-1 are related to the 
C=C and C=O bonds of aromatic rings and carboxylic 
groups, respectively. The peaks obtained at 1050 and 
1200 cm-1 are due to the C-O bonds in epoxide and 
alcohols groups [15]. In the investigated spectra, the 
sharp peaks at 2800 and 2900 cm-1 correspond to the 
C-H stretching vibration [16]. These results demon-
strate successful producing of GO. In addition, FTIR 
analysis of tungsten oxide and bismuth oxide can be 
seen in Figure 1. With comparing the FTIR spectra of 
GO, tungsten oxide, bismuth oxide and T-B-G, it can  
be seen that the intensity of the OH group of T-B-G 
is less than that of tungsten oxide, bismuth oxide, and 
GO. These results admit the reaction between GO and  
tungsten oxide, bismuth oxide through hydroxyl segments. 

Furthermore, in Figure 2, FTIR spectra of GO, 
barium sulfate, and Ba-G show that the intensity of 
the mentioned peaks especially the OH peak in Ba-G 
is lower than that in GO and barium sulfate. So, this 
indicates the reaction between barium sulfate and the 
functional groups of GO [16].

Shielding characterization of synthesized nano-
composite samples
Study on experimental and theoretical attenuation 
properties of samples toward X-ray radiation
Hounsfield units (HUs) are utilized in computed  

Figure 1. FTIR spectrums of graphene oxide, tungsten oxide, 
bismuth oxide, and T-B-G.
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tomography (CT) scanning to display CT numbers 
in a standard form and are quantitative scale for  
explaining radio density. They were obtained over 
the energy range of 60-120 kVp and are displayed in 
Table 3. PE-A-25 in 60 kVp demonstrated the highest 
Hounsfield unit (HU) value and expressed the most 
efficient shield among other samples. The measured 
and theoretical attenuation properties of the prepared  
nanocomposite samples are reported in Table 4. For this 
analysis, X-ray tube was used for radiology applications  
in the energy range of 50, 60, 80 and 120kvp. According  
to the obtained results, the linear attenuation coefficient  
values (µ) of the synthesized samples and their equivalent  
Pb values illustrated that 6 mm of PE-A-25 in the  
energy of 50 kV has the same attenuation behavior as 
0.47 mm of pure Pb, which indicates that the operation 
conditions chosen to measure and calculate the linear 
attenuation coefficient were precise and suitable [18]. 
The Table 4 results illustrate that the linear attenuation  
coefficient values increased by increasing nanoparticles 
weight percentage. However, a smaller increase in µ 
value has been found by loading more nanoparticles 
content. Furthermore, tungsten/bismuth/GO-based 
nanocomposites showed higher µ values and better 
shielding efficiency in exposure of X-ray radiation 

compared to barium sulfate/GO nanocomposites.
The attenuation mechanism is directly related to the 

density of the nanocomposite, in which heavier atoms 
in the path of the photons lead to more interactions 
per unit length of the nanocomposite. According to 
the density results in Table 4, the density values of 
the fabricated samples increased by raising weight  
percentage of the high Z atomic numbers such as tungsten  
oxide, bismuth oxide, and barium sulfate nanoparticles.  
The mass attenuation coefficient values of the fabricated 
nanocomposite samples are gathered in Table 4. The 
results demonstrate that mass attenuation coefficient 
values move to higher values by raising the weight  
percentage of the utilized nanoparticles. The mentioned  
phenomena can be due to the increase in the nanoparticles  
weight percentage and the filler stability in the polymer  
media. These results confirmed that nanoparticles-filled 
samples performed better at all X-ray energies than 
the polymer matrix alone [18].

Efficiency of an X-ray shield can be explained in the  
terms of equivalent lead thickness [16]. So, in this section 
we evaluated the equivalent lead thickness values of 
the prepared nanocomposite samples in thickness of  
6mm to camper their effectiveness against X-ray  
radiations. According to Table 4, increasing the filler 
weight fraction increases the equivalent lead thickness 
under similar energetic conditions (50, 60, 80, and 
120 kVp). In the other hand, tungsten/bismuth-based  
nanocomposites showed higher equivalent lead thickness 
values [19,20]. In this case, the highest equivalent lead 
thickness is attributed to the sample PE-A-25 (Table). 
These results indicate the significant performance of 
the fabricated nanocomposites against X-ray radiation

To calculate theoretical µl (cm-1) values, MNCPX 
code from Mont Carlo software was employed and 
discrepancy Δ% between the measured and simulated  
values of attenuation coefficient was calculated. According 
to the weight fraction of the elements and the density 
of the composites, the simulation was designed. The 

Figure 2. FTIR spectrums of graphene oxide, barium  
sulfate, and Ba-G.

Table 2. Main FTIR peaks of GO, T-B-G and Ba-GO.

Wavenumber (cm−1) Peak information

3200-3600
1630
1725
1050, 1200
2800, 2900

O-H stretching vibration
C=C stretching vibration
C=O stretching vibration
C-O stretching vibration
C-H stretching vibration

Table 3. Hounsfield Unit (HU) of fabricated nanocomposites.

Wavenumber (cm−1) Peak information

3200-3600
1630
1725
1050, 1200
2800, 2900

O-H stretching vibration
C=C stretching vibration
C=O stretching vibration
C-O stretching vibration
C-H stretching vibration
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model was assumed into multiple cubes as a matrix 
and orbs in the center of cubes as a particle. The 3D  
images simulated by the visual editor (VISED) MCNPX 
code are shown in Figure 3. This simulation was used 
to measure the photon flux stored in the detector with  
tally F4, F2. Tallying is the process of scoring the  
parameters of interest. For each answer the fractional 
standard deviation (fsd), relative error, is provided. 
Each tally is defined by an Fna number, where "n" is 
a unique number and "a" is the particle type. In the 
case of tally F4, this estimator uses the fundamental 
definition of influence as the number of particle-track 
lengths per unit volume. According to received data  

from tally F2 and employing equation 1, inlet surface  
flux and outlet surface flux of the materials in radiologic 
range energies were calculated and the linear and mass 
attenuation coefficient values were obtained. The 
achieved results demonstrated that there was a suitable 
adoption with negligible error between theoretical and 
experimental data. In other words, this comparison 
is the reason that shows that a suitable approach has 
been chosen for this research [16, 17, 18]. 

By applying linear attenuation coefficients, the HVL 
values were obtained. The results for HVL values are 
shown in Figure 4. According to the Table 4 results,  
the linear attenuation coefficient values of the synthesized 

Table 4. Attenuation experimental and theoretical results of the prepared nanocomposites*.

Sample Energy(kVp)
Linear attenuation coefficient µ(cm-1)

 Density
(g/cm3)

   Mass attenuation
µ/ρ (cm2g-1)

 Equivalent lead
thickness(mm)   Thickness(6mm)

Measured MCNP Δ%

PE-0

50
60
80

120

0.073
0.062
0.050
0.041

0.072
0.061
0.049
0.040

0.93%
0.75%
0.74%
0.82%

0.95

0.08
0.07
0.06
0.04

0.085
0.076
0.066
0.051

PE-A-10

50
60
80

120

0.243
0.224
0.172
0.135

0.240
0.221
0.170
0.133

1.23%
1.31%
1.19%
1.11%

1.29

0.18
0.17
0.13
0.10

0.29
0.26
0.21
0.15

PE-A-15

50
60
80

120

0.352
0.316
0.255
0.184

0.347
0.313
0.252
0.181

1.4%
0.9%
0.8%
1.6%

1.33

0.26
0.23
0.19
0.13

0.42
0.38
0.31
0.22

PE-A-20

50
60
80

120

0.366
0.328
0.267
0.194

0.362
0.324
0.263
0.191

0.95%
1.24%
1.33%
1.13%

1.38

0.27
0.23
0.18
0.14

0.43
0.39
0.32
0.23

PE-A-25

50
60
80

120

0.383
0.351
0.297
0.225

0.376
0.345
0.292
0.221

1.72%
1.55%
1.47%
1.67%

1.43

0.26
0.24
0.20
0.15

0.47
0.43
0.36
0.27

PE-B-10

50
60
80

120

0.163
0.144
0.128
0.091

0.161
0.141
0.125
0.089

1.17%
1.41%
1.79%
1.56%

1.06

0.15
0.13
0.11
0.08

0.19
0.17
0.14
0.11

PE-B-15

50
60
80

120

0.205
0.188
0.162
0.131

0.202
0.185
0.160
0.129

1.35%
1.19%
1.39%
1.61%

1.10

0.18
0.16
0.14
0.12

0.24
0.22
0.20
0.16

PE-B-20

50
60
80

120

0.215
0.196
0.162
0.128

0.212
0.194
0.160
0.126

1.32%
0.94%
1.15%
0.99%

1.20

0.17
0.16
0.13
0.10

0.25
0.23
0.19
0.15

PE-B-25

50
60
80

120

0.261
0.234
0.206
0.183

0.257
0.230
0.l202
0.180

1.47%
1.29%
1.6%

1.23%

1.27

0.20
0.18
0.15
0.14

0.31
0.28
0.24
0.18
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nanocomposite samples increased with increasing the  
density of the prepared samples. According to Equation 2, 
the HVL values decreased  with increasing the density 
values of the fabricated sample [18], and as a result it  
shows that the efficiency of the shielding materials  
increased by decreasing HVL values. In addition, 
pursuant to Figure 4, with investigating the effect of  
thickness on the efficiency of the shield it can be realized 
that increasing the thickness and energy range of the 
samples has enhanced the HVL value of the samples 
and as a result decreased their shielding effectiveness 
[18,19].

The shielding efficiencies of nanocomposite samples 
were investigated by comparing the mass attenuation 
coefficient (μm) parameter in the radiology energy 
range. The obtained results for the samples are given 
in Table 4, illustrating that mass attenuation coefficient  
value of the samples decreased with increasing energy 
range. Furthermore, it demonstrates that the mass  
attenuation value of samples decreased as the thickness  
value of the nanocomposite samples increased. 2mm 
thickness of PE-A-25 showed the most effective shield 
compared to other samples and pure HDPE as shown 
in Figure 5. The results indicated that WO3/Bi2O3/ 
GO/HDPE nanocomposite samples had better shielding 
performance than BaSO4/GO/HDPE samples due to 
their higher mass and linear attenuation coefficient,  
which originates from their higher atomic number [18, 20]

Morphological characterization of the synthesized 
nanocomposite samples
SEM microscopy was utilized to investigate morphology  
of the fabricated nanocomposite samples. SEM photos 
of the prepared nanocomposite samples (Figure 6) 
demonstrated good connectivity between the applied 

fillers and the polymer matrix used. According to the  
obtained images, there was complete wetting or  
impregnation between the nanoparticles and polymer.  
The aforementioned result is originated from the support 
and decoration of nanoparticles on the graphene oxide 

Figure 3 A: Radiographic image of system components 
simulated by the VISED, B: 3D image of the components. 

          (a)                (b)
Figure 4. Half value layer (HVL) results of the synthesized 
nanocomposite samples (in thickness: (A) 2mm, (B) 4mm, 
and (C) 6 mm).

(a) 

(b) 

(c) 
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surface, where the polyethylene chains are intertwined  
to the nanoparticles via graphene structure, and after-
wards the mentioned mechanism leads to miscibility 
between the fillers used and the polymer media [21]. 
It can be claim that the presence of nanoparticles on 
the polymer bed is not obviously visible, which is a 
confirmation of the literature data [18,20]

Mechanical characterization of synthesized nano-
composite samples
To investigate the mechanical properties of samples,  

tensile and DMTA analysis were employed, which  
relates to the ratio of nanoparticles loaded in HDPE. 
The tensile test was used to measure mechanical  
properties. Figure 7 illustrates a comparison of the  
samples in the stress- strain curve. Table 5 demonstrates 
similar properties with their values. As shown in Table 
5, increasing nanoparticles in HDPE matrix leads to a 
decrease in mechanical properties. On the other hand, 
Young’s moduli of PE-B-25 and PE-A-25 have the 
highest value in comparison with other samples. As 
expected, the results demonstrate that barium sulfate/ 

Figure 5. Measured mass attenuation coefficient results of the synthesized nanocomposite samples (in thickness: (A) 2mm, (B) 
4mm, and (C) 6 mm).

       (a)      (b)     (c)

Figure 6. SEM images of A) PE-A-10, B) PE-A-15, C) PE-A-20, D) PE-A-25, E) PE-B-10, F) PE-B-15, J) PE-B-20, H) PE-B-25, 
and I) PE-0.
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HDPE nanocomposites compared to tungsten/ 
bismuth/HDPE composites have higher Young’s modulus 
values. However, in terms of tensile strength, HDPE/ 
tungsten/bismuth composites performed better. Overall, 
it is observed that the tensile strength and Young's 
modulus of the samples increased with increasing 
nanoparticles, but decreased compared to HDPE [23].

To observe the effect of nano particle weight  
percentage on the glass transition temperature and  
storage modulus of nanocomposites, DMTA analysis  
was used. The curves obtained in Figure 8 and the  
results obtained are summarized in Table 5. According  
to Table 4, by increasing weight fraction of nano- 
particles, storage modulus of nanocomposites increased 
and shifted to higher values. This result indicates the 
proper dispersion of nanoparticles in the polymer 
matrix. This phenomenon is due to the decoration of  
nanoparticles on the surface of GO [19]. Another aspect  
of this achievement showed that the increase in storage 
modulus values in the presence of tungsten/bismuth  
nanoparticles is greater than that of nanobarium sulfate. 
Figure 8 shows the tan δ curves of nanocomposite 
samples. The peaks in these curves show the glass  
transition temperature and due to them, with increasing  
the weight fraction of nanoparticles, the glass transition  
temperature of the samples has increased. This arises 
from preventing the movement of polymer chains by  

Table 5. Results of mechanical properties of nanocomposite samples.

Sample σb (MPa)(a) εb(%)(b) E (MPa)(c) Tg (°C)(d) Eʹ(GPa)(e)

PE-0
PE-A-10
PE-A-15
PE-A-20
PE-A-25
PE-B-10
PE-B-15
PE-B-20
PE-B-25

34.96± 1.5
17.38± 0.8
24.24± 2.3
24.00± 0.5
24.29± 2.2
21.39± 1.0
21.67± 2.6
20.16± 1.5
17.23±1.4

122.3± 1.1
6.96± 1.4
9.34± 0.9
7.75± 2.0
8.08± 2.6
9.64± 1.9
7.93± 0.7
6.74± 1.4
5.33± 1.1

285.67± 0.1
249.43± 0.3
259.43± 0.2
278.78± 0.5
300.63± 1.3
221.91± 2.3
273.26± 3.0
299.02± 0.9
323.14± 2.8

-118± 0.3
-111± 0.5
-110± 0.2
-110± 0.1
-108± 0.5
-113± 0.5
-112± 0.4
-110± 0.6
-108± 0.8

2.3± 0.5
5.6± 0.2
6.6± 0.3
7.5± 0.1
8.1± 0.4
3.3± 0.7
3.6± 0.1
4.2± 0.3
5.6± 0.5

(a)Tensile strength, (b)Elongation-at-break, (c)Young’smodulus, (d)Glass transition temperature obtained from tan delta curves, (e)E’ is storage 
modulus at -120°C.

Figure 7. Stress-strain curves of nanocomposite samples.

Figure 8. Storage modulus (E') and tan δ curves of nanocomposite samples.

         (a)         (b)
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increasing the weight fraction of nanoparticles [15, 26].

CONCLUSIONS

In this study, HDPE-based nanocomposites with different 
weight percentages of nano tungsten oxide, bismuth  
oxide, and barium sulfate were prepared and charac-
terized via shielding and mechanical analysis. The  
performance of nanocomposites against X-ray radiations 
was investigated by calculating experimentally and 
simulating linear and mass attenuation coefficient, 
HVL and Hounsfield values. The results obtained 
demonstrated that by raising the weight fraction of 
the fillers used, the linear attenuation coefficient and 
also the absorbed dose values increased dramatically 
and HDPE with 25% concentration of WO3/Bi2O3/
GO showed superior shielding properties compared to 
other samples due to its relevant shielding parameters. 
X-ray radiation attenuation performance of HDPE 
with 25% concentration of WO3/Bi2O3/GO composite 
in 50kvp was equal to 0.5 mm pure lead. The WO3/
Bi2O3/GO/HDPE composites showed more shielding  
performance compared to BaSO4/GO/HDPE composites 
due to their higher atomic number. The mechanical 
properties of nanocomposites illustrated that, in the  
solid state, the 25 wt% WO3/Bi2O3/GO-loaded composite 
still has a flexible behavior, despite the lower yield 
strain compared to neat HDPE.  
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