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Lightweight epoxy-based X-ray /gamma-ray shielding materials were synthesized by blending epoxy resin with the 
different weight percent of lead oxide, bismuth oxide, and tungsten oxide powders. The synthesized composites were 
characterized using FTIR, elemental analyzer, and X-ray radiography for their chemical structure, elemental composition, 
and filler distribution. The photon interaction parameters such as linear/mass attenuation coefficient, attenuation percentage, 
and half value layer were determined for all composites at photon energies 59.5, 364, and 661.7 keV. The measured mass 
attenuation coefficients of epoxy composites matched well with the obtained from XCOM. Moreover, the shielding 
effectiveness of the composites was analyzed by the half-value layer and heaviness of the composites and was compared 
with conventional shielding materials (concrete, lead, and steel). 
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1 Introduction 
Nuclear materials have established their worth in 

various industries, including nuclear power plants, 
medicine, agriculture, and electronics1-5. However, the 
handling of radioactive materials necessitates the 
proper shielding to minimize the exposure that 
otherwise may lead to catastrophic effects on society6. 
The prerequisite for the choice of shielding 
material depends primarily upon the type and 
energy of the radiation7. Moreover, as the X-rays/ 
Gamma rays interact with the electrons of the 
medium, it is highly desirable to design materials 
with high atomic numbers and high density 
to be enrolled as shielding materials for X/ Gamma 
rays8-10.  

In this scenario, lead is the best suitable shielding 
material for X-rays/ Gamma rays due to its high 
density and high atomic number (Z=82). However, it 
incurs various disadvantages associated due to its 
heaviness, toxicity, and poor chemical stability. This 
leads to the necessity of designing alternate shielding 
materials to overcome the problems posed by 
lead8,11,12. In this regard, different glass-based systems 
like oxides of lead, barium, and boron13, lead oxide-
silicon oxide-based glass14, lead zinc borate glass15, 

barium oxide- fly ash-based glass systems16 are being 
employed as alternate shielding materials.  

The glass-based materials have good radiation 
shielding properties but are expensive and brittle17. 
On the other hand, concrete and high-density concrete 
filled with hematite, magnetite, barium sulfate, steel 
scrap, and steel magnetite are also used as alternate 
shielding materials18-23. However, although these 
materials have good strength, they are inferior in 
compactness to metals and hence suffer the issue of 
more quantity required for the shielding. On the other 
hand, concrete is also used as a structural material in 
nuclear power plants and other radiation facilities 
containing ventilation ducts and pipes in straight or 
bent shapes through which the radiation streaming 
takes place 6,24. To overcome the problem of radiation 
streaming, it is primarily required to construct 
irregular-shaped shielding, which becomes difficult to 
achieve using concrete or lead casting.  

Recently polymer-based materials are being 
developed for shielding X-rays/ Gamma rays on 
account of their lightweight, easy processability, 
excellent mechanical properties, radiation and 
chemical stability, and feasibility to mold in irregular 
shapes12, 17. Various polymer composites (polyester, 
PVC rubber, polypyrrole, isophthalic resin, methyl 
vinyl silicone rubber, ethylene vinyl acetate, 
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polydimethylsiloxane, styrene-butadiene rubber, and 
epoxy based) filled with lead and non-lead fillers 
(bismuth and tungsten) were developed for X-rays/ 
Gamma rays shielding25-33, 12. Among them, epoxy-
based polymer composites are the materials of interest 
due to sound radiation and mechanical stability, facile 
preparation, and the availability of a wide range of 
unmodified epoxy resins and modifiers as starting 
materials17,33,34. Recently, several epoxy-based 
polymer composites have been developed as gamma-
ray shielding materials (Table 1). 

In this work, we attempted to develop a polymeric 
substitute of concrete that can be molded in irregular 
shapes and have better shielding properties than 
exhibited by the concrete for radiation streaming 
problems. Epoxy was used as polymer matrix, and 
fillers like lead oxide (lead-based), bismuth and 
tungsten oxide (lead-free) were used as fillers owing 
to their high atomic number and density. The work 
was carried out in two steps, where the first part 
describes the synthesis and characterization (Fourier 
transform infrared spectroscopy (FTIR), elemental 
analyzer, and X-ray radiography) of epoxy metal 
composites with 0-60 % filler contents. Subsequently, 
in the second part, the synthesized lead/lead-free 
epoxy metal composites were examined as shielding 
materials for X/ gamma rays by gamma attenuation 
studies. Shielding parameters like linear/mass 
attenuation coefficients, % attenuation, and half-value 
layer (HVL) of all composites were estimated at 
energy range 59.5 to 661.7 keV using 241Am, 133Ba, 
and 137Cs radiation sources and planar High Purity 
Germanium (HPGe) detector and were compared with 
standard gamma shielding materials. In addition, the 
experimental values of mass attenuation coefficient at 
different energies were compared with XCOM values. 

2 Materials and Methods 
2.1 Materials 

All starting chemicals used were of analytical 
grade. Araldite CY-205 (Huntsman) was used as 

unmodified epoxy resin, Jeffamine T-403 (Huntsman) 
served as amine-based modifier, Pb3O4, Bi2O3, and 
WO3 (Loba Chemicals, India) were used as fillers in 
the composites. 

2.2 Synthesis of Epoxy metal composites 
The calculation of the desired amount of reactant 

was carried out using the concept of an equivalent 
weight of reacting groups (amine and epoxide) as 
mentioned in the literature41. Therefore, using amine 
hydrogen equivalent weight of amine and epoxide 
equivalent weight of epoxide, 43.6 g JeffamineT-403 
was taken for the synthesis of 100 g of Araldite 
CY-205. The epoxy composites were synthesized 
using 0-60 wt% filler, and the amount of filler was 
calculated using equation 1.  

Weight %  
weight of iller

weight of iller weight of polymer
* 100 %

…(1)

Subsequently, a known amount of filler was 
uniformly mixed with the hardener (Jeffamine T-403) 
via a mechanical stirrer at 150 rpm for 60 minutes, 
followed by the addition of unmodified epoxy resin 
and stirring at 150 rpm for 60 minutes. The mixture 
was then degassed in a vacuum oven to avoid the 
formation of air bubbles and was poured in the 
polypropylene cylindrical mold (diameter 3 cm, 
height 1 cm) and kept overnight for curing. The 
synthesis of epoxy composites was carried out in 
triplicate. 

2.3 Characterization
The density of epoxy composites was measured 

using ASTM D4142. Elementar make vario micro 
cube elemental analyzer was used for elemental 
analysis. FTIR spectra of the composites were 
recorded from 4000 to 500 cm-1 on an ABB-MB 3000 
spectrometer, and spectra were analyzed using 
Horizon MB software. All measurements were carried 
out using 32 scans and 4 cm-1 resolution. The 
distribution of fillers in the polymer matrix was 
examined by X-ray radiography using Agfa D2 
(100x300 mm) X-ray films and 75 kV X-ray from 
Balteau 160 kV equipment. The source film distance 
was fixed to 800 mm, and film was exposed for 90 
seconds. The gamma-ray shielding behavior of the 
samples was carried out using 241Am, 133Ba, and 137Cs 
gamma sources and the BSI Planar HPGe detector. 
The sensitive thickness and sensitive area of the 
HPGe detector were 15 mm and 450 mm2, 
respectively, and had a resolution of 450 eV at 122 

Table 1 — Epoxy composites used as gamma shielding materials 
Composites Reference  

Fe, Bi, Ta, WC/ epoxy composites 35 
Tungsten borides/ epoxy micro-composites 36 

Hafnium dioxide- and tungsten trioxide/ epoxy 
composites 37 

Bi2O3 and WO3/ epoxy micro and nano composites 38 
Vanadium slag/Epoxy resin 39 

Al2O3 and Fe2O3/ epoxy nanocomposites 40 



INDIAN J PURE APPL PHYS, VOL. 60, MARCH 2022 276

keV of 57Co. The energy calibration of the detector 
was accomplished using 241Am, 133Ba, and 137Cs 
standard gamma-ray point sources. 

2.4 Attenuation Studies 
In order to evaluate gamma shielding behavior of 

epoxy metal composites, 133Ba, 241Am, and 137Cs 
sources were used, and the counts were recorded 
using a planar HpGe detector. Fig. 1 shows the 
schematic arrangement of the experimental setup used 
for gamma attenuation study42.  

The shielding studies were carried out by fixing 
sample dimensions (diameter: 3 cm and thickness: 1 
cm) for all samples. The gamma-ray energy
signatures of 59.5 keV of 241Am, 356 keV of 133Ba,
and 661.7 keV of 137Cs were employed in the study.
Stainless steel collimator (OD=30 mm, ID=3 mm)
was used before the detector and after the sample to
get the narrow beam geometry. At first, the counts
due to all energy peaks were measured in the
respective geometric setup for 10 minutes. Later the
epoxy discs were interposed between the source and
detector surface one by one without disturbing the
earlier arrangement. Each disc was examined three
times and the average value was reported.

3 Results and discussions 
3.1 Variation of density with weight fraction of fillers 

Epoxy composites were prepared using Pb3O4, 
Bi2O3, and WO3 fillers in 0-60 weight %. It was 
observed that an increase in the weight fraction of 
fillers from 0-60 wt % increased the density of 
composites from 1.10 ± 0.020 to 2.32 ± 0.040 g/cm3 
(Pb3O4 filled epoxy), 2.29 ± 0.030 g/cm3 (Bi2O3 filled 
epoxy) and 2.20 ± 0.042 (WO3 filled epoxy). For each 
composition, Pb3O4 filled composites had a slightly 
higher density than Bi2O3 and WO3 filled composites 
Fig. 2 and can be attributed to the higher density of 
Pb3O4 (9.10 g/cm3) as compared to Bi2O3 (8.90 g/cm3) 
and WO3 (7.16 g/cm3). 

3.2 Infrared spectroscopic characterization of the composites 
The IR spectrum of cured epoxy resin without 

fillers exhibits a broad peak at 3200 to 3600 cm-1 due 
to O-H stretching, the sharp absorption band at 1103 
cm-1 due to C-N stretching vibration, absorption bands
at 550 cm-1 due to N-H out of plane bending, benzene 
ring stretch at 1611 cm-1, CH3, CH2 stretching and 
bending vibrations at 2864 cm-1, 2982 cm-1 and 550 
cm-1 respectively Fig. 3. Epoxide ring absorption peak
at 910 cm-1 disappears in the composite, confirming
the absence of any unreacted epoxy resin43. The FTIR
spectra of 60% metal-loaded epoxy composites and
pure epoxy Fig. 4 exhibit no appreciable change in the
case of Pb3O4 as lead oxide mainly shows IR band
below 400 cm-1. However, a few very weak bands
appear between 400 to 800 cm-1 due to impurities
present in Pb3O4

44. In the case of epoxy loaded with
Bi2O3 a very weak peak appears at 629 cm-1 due to
Bismuth oxide in addition to epoxy peaks45. In case of
epoxy with 60 % WO3, a broad peak appears in the

Fig. 1 — Geometric setup from narrow beam geometry
from 241Am, 133Ba and 137Cs sources36, SS Collimator setup:
A= 30 mm, B= 30 mm, C= 3 mm, D= 15 mm, E= 10 mm. 

Fig. 2 — Density variations of composites with filler weight %. 

Fig. 3 — FTIR spectra of epoxy resin. 
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range of 600 to 1000 cm-1 due to overlap of strong 
832 cm-1 peak of epoxy and weak 731 and 835 cm-1 
peaks of WO3

46.  
These findings imply that all composites exhibit 

epoxy peaks in addition to the filler peaks. Moreover, 
the absence of any new peak or disappearance of 
existing peaks is not occurring, which further 
indicates that shows no chemical reaction takes place 
between epoxy and metal oxides during composite 
formation. 

3.3 Elemental Analysis 
Effective atomic number (EAN) and electron 

density (ED) of epoxy-based composites were 
calculated by elemental composition and density of 
the composites using equations 2 and 3 (Tables 2-4)47.  

𝑍 ∑ 𝑎 𝑍    …(2) 

where m = 2.94, aj represents the fractional content of 
electrons belonging to the jth constituent, Zj is the 
atomic number of jth constituent. 

𝑛  𝜌𝑁 ∑
 

…(3) 

where no is the electron density (e/m3), wj is the 
fraction by weight, Zj, Aj pertains to the atomic 
number and atomic weight of the jth constituent. NA 
Avogadro’s constant and ρ is the density of the 
material in g/m3. 

It was observed that the EAN and ED of the 
composites show an increment upon increasing the 
filler weight % in all the cases. As expected, an 
increase in the filler weight % increases the Pb, Bi, 

and W weight percentage in the composites, thereby 
increasing the density of the composites. On account 
of the higher atomic number of these elements along 
with the higher density of composites (equations 
4 and 5), an increment in the EAN and electron 
density was observed. It was observed that the Pb3O4 
filled composites has slightly higher electron density 
as compared to other composites due to its high 
density (9.10 g/cm3) and higher atomic number (82). 
Similarly Bi2O3 based composite has higher EAN due 
to its highest atomic number (83) among all three 
fillers. 

3.4 X-ray radiography 

The distribution of fillers in polymer matrix was 
estimated using X-ray radiography by exposing the 
pure epoxy and epoxy with 0-60 % Pb3O4 filled epoxy 
to 75 keV X-rays for 90 seconds, followed by analysis 
via digital X-ray images using ImageJ software48  
Figs. 5 (a-g) show the digital X-ray images of epoxy 
with different weight % of Pb3O4 (i) 0 % (ii) 10 % 
(iii) 20 % (iv) 30  % (v)  40 % (vi)  50  %  (vii)  60 %,

Fig.4 — FTIR spectra of epoxy composites (a) Epoxy
(b) Epoxy+60 % Bi2O3 (c) Epoxy+60% Pb3O4 (d) Epoxy+60%
WO3.

Table 2 — Density, EAN and ED of Pb3O4 loaded epoxy matrix 

Sample Density (g/cm3) EAN ED (e-/m3) 
Epoxy 1.10 ± 0.020 6.23 3.66 x 1029 

Epoxy+10 % Pb3O4 1.24 ± 0.026 36.35 4.00 x 1029 
Epoxy+20 % Pb3O4 1.37 ± 0.033 45.89 4.33 x 1029 
Epoxy+30 % Pb3O4 1.54 ± 0.040 52.67 4.70 x 1029 
Epoxy+40 % Pb3O4 1.75 ± 0.027 58.07 5.21 x 1029 
Epoxy+50 % Pb3O4 2.00 ± 0.029 62.64 5.77 x 1029 
Epoxy+60 % Pb3O4  2.32 ± 0.040 66.65 6.49 x 1029 

Table 3 — Density, EAN and ED of Bi2O3 loaded epoxy matrix 

Sample Density (g/cm3) EAN ED (e-/m3) 
Epoxy 1.10 ± 0.020 6.23 3.66 x 1029 

Epoxy+10 % Bi2O3 1.22 ± 0.013 36.60 3.98 x 1029 
Epoxy+20 % Bi2O3 1.36 ± 0.030 46.29 4.25 x 1029 
Epoxy+30 % Bi2O3 1.52 ± 0.021 53.12 4.63 x 1029 
Epoxy+40 % Bi2O3 1.73 ± 0.027 58.58 5.15 x 1029 
Epoxy+50 % Bi2O3 1.97 ± 0.025 63.20 5.72 x 1029 
Epoxy+60 % Bi2O3 2.29 ± 0.030 67.23 6.41 x 1029 

Table 4 — Density, EAN and ED of WO3 loaded epoxy matrix 

Sample Density (g/cm3) EAN ED (e-/m3) 
Epoxy 1.10 ± 0.020 6.23 3.66 x 1029 

Epoxy+10 % WO3 1.20 ± 0.024 31.32 3.90 x 1029 
Epoxy+20 % WO3 1.31 ± 0.021 39.60 4.15 x 1029 
Epoxy+30 % WO3 1.48 ± 0.024 45.43 4.58 x 1029 
Epoxy+40 % WO3 1.70 ± 0.030 50.09 5.12 x 1029 
Epoxy+50 % WO3 1.94 ± 0.027 54.04 5.69 x 1029 
Epoxy+60 % WO3 2.20 ± 0.042 57.49 6.30 x 1029 
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while Figs 6 (a-g) shows their corresponding intensity 
histograms. It was observed that in all cases, the 
intensity histogram shows unimodal characteristics, 
and most of the intensity values are within one 
standard deviation, thereby confirming the uniform 
distribution of the fillers in the polymer matrix for all 
composites. Furthermore, it was observed that as the 
filler content increases, the brightness of the images 
increases and gets saturated around 60 wt % filler 
content for 75 keV X-rays Figs. 5&7. This can be 
ascribed to the fact that an increase in the filler 
content leads to an elevation in Pb content, thereby 
augmenting the density of composites, which in turn 
leads to more X-rays getting attenuated, leading to 
brighter images Fig.6.  

3.5 Gamma shielding studies 
Gamma/X-ray photon interacts with the medium 

mainly by three modes (i) Photoelectric effect, (ii) 
Compton scattering, and (iii) Pair production. The 
probability of each interaction mainly depends upon 
the energy of the source and the chemical 
composition of the medium. Linear attenuation 
coefficient (µ) is the sum of the above three 
interaction probabilities and it depends upon the ratio 
of transmitted to the incident intensities and thickness 
of the medium8, 28, 42. 

µ= -1/x ln (I/I0)  …(4) 

Fig. 5 — X-ray radiography digital images of epoxy with various
% Pb3O4 (a) 0 % (b) 10 % (c) 20 % (d) 30 % (e) 40 % (f) 50 %
(g) 60 %.

 

Fig. 6 — Intensity histogram of digital images of epoxy with varying % of Pb3O4 (a) 0 % (b) 10 % (c) 20 % (d) 30 % (e) 40 % (f) 50 %
(g) 60 %.
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where I0 and I are incident and transmitted photon 
intensity, x is the thickness (cm) of the medium, and 
µ is the linear attenuation coefficient (cm-1) of the 
material. The amount of intensity is attenuated by the 
materials is represented by attenuation %, and can be 
calculated by equation 528, 42. 

% Attenuation = (I0- I)/ I0*100 % …(5) 

The half-value layer (HVL) and tenth value layer 
(TVL) represent the thickness of the material which 
will reduce the intensity of radiation to half and 
one-tenth, respectively and are given by equations 6 
and 712, 28. 

HVL= ln2/ µ  …(6) 

TVL= 3.32 x HVL …(7) 

3.5.1 Effect of fillers on % attenuation 
The experimental values of attenuation percentage 

of composites were calculated using equation 5, and it 
was observed that the attenuation percentage 
decreases with an increase in energy as the 
photoelectric effect dominates at lower gamma 
energies (<100 keV) Fig. 8(a). Epoxies loaded with 
60 % Pb3O4 and Bi2O3 exhibit nearly same attenuation 
and are marginally higher than WO3, which could 
possibly be due to higher atomic numbers of Pb and 
Bi as compared to W, in addition to the higher 
densities of Pb and Bi-based composites than W 
based ones. Further, variation of attenuation with 
filler content (Pb3O4) shows an increase with 
increasing filler weight % at all energies due to 
increment in high Z filler content and density of 
composites Fig. 8(b). It was also observed that the 
augmentation is higher at lower energy and gets 

saturated around 60 weight % at 59.5 keV due to 
photoelectric effect25, 28. Similar trend was observed in 
case of Bi and W loaded composites which showed an 
increase in % attenuation with filler weight %.  

3.5.2 Effect of fillers on attenuation coefficient  
Variation of linear attenuation coefficient (LAC) 

with energy and filler content shows a decrease in 
LAC with increasing energy, and the filled 
composites follow the order, Pb3O4 > Bi2O3 > WO3 
Fig. 9(a). It can be ascribed to the trend followed by 
these composites in terms of their densities and 
atomic number. It was observed that, the highest 
density of 60% Pb3O4 loaded composites (2.32 g/cm3) 
with a higher atomic number of lead (82) shows 
higher LAC, on the other hand, 60 % WO3 with the 
lowest density (2.22 g/cm3) and lower atomic number 
(74) exhibits the least LAC. Further, for fixed energy,
LAC increases with filler weight % and the increment
is more prominent at lower energy (59.5 keV) as
compared to high energy due to the fact that the photo

Fig. 7 — Gray level intensity variations with Pb3O4 weight %. 

Fig. 8 — (a)Variation of % attenuation of epoxy composites with
energy and (b) Variation of % attenuation of epoxy/ Pb3O4

composites with filler weight % at different energies. 



INDIAN J PURE APPL PHYS, VOL. 60, MARCH 2022 280

electric effect is the primary mode of interaction for 
low energy and high Z materials Fig. 9(b) 12, 28.  

Further, the mass attenuation coefficient (µ/ρ) for 
epoxy composites was derived experimentally from 
their linear attenuation coefficient and density 
[Tables 5(a-c)]. Epoxy loaded with 60 % Pb3O4 has a 
maximum value of mass attenuation coefficient at all 
energies due to its highest density among all 
composites. In addition, the mass attenuation 
coefficient was also calculated by XCOM software49 
using elemental composition and density of 
composites, and the values are reported in parentheses 
in Tables 5(a-c). The mass attenuation coefficient 
values calculated by XCOM were compared with 
experimental values (Tables 5a-c), and a deviation of 
< ±12 % was observed between the measured and 
XCOM calculated values for all composites at all 
three energies (59.5, 356 and 661 keV). 

Table 5(a) — Variations of mass attenuation coefficient of epoxy 
lead oxide composites, as a function of photon energy 

Samples Photon energy (keV)

59.5 356 661

Mass attenuation coefficient in cm2/g  
(XCOM value) 

Epoxy 0.210 (0.184) 0.112 (0.110) 0.077 (0.085) 

Epoxy+10 % Pb3O4 0.621 (0.587) 0.140 (0.124) 0.092 (0.086) 

Epoxy+20 % Pb3O4 1.070 (0.989) 0.146 (0.138) 0.092 (0.088) 

Epoxy+30 % Pb3O4 1.510 (1.390) 0.167 (0.152) 0.098 (0.089) 

Epoxy+40 % Pb3O4 1.980 (1.790) 0.180 (0.166) 0.104 (0.091) 

Epoxy+50 % Pb3O4 2.310 (2.190) 0.186 (0.180) 0.107 (0.093) 

Epoxy+60 % Pb3O4 2.490 (2.600) 0.190 (0.194) 0.100 (0.094) 
 

Table 5(b) — Variation of mass attenuation coefficient of epoxy 
bismuth oxide composites, as a function of photon energy 

Samples Photon energy (keV)

59.5 356 661

Mass attenuation coefficient in cm2/g  
(XCOM value) 

Epoxy 0.210 (0.184) 0.112 (0.110) 0.077 (0.085) 

Epoxy+10 % Bi2O3 0.593 (0.599) 0.139 (0.124) 0.090 (0.086) 

Epoxy+20 % Bi2O3 1.020 (1.010) 0.143 (0.139) 0.093 (0.088) 

Epoxy+30 % Bi2O3 1.495 (1.430) 0.155 (0.153) 0.092 (0.090) 

Epoxy+40 % Bi2O3 1.872 (1.850) 0.175 (0.168) 0.099 (0.092) 

Epoxy+50 % Bi2O3 2.258 (2.270) 0.186 (0.183) 0.106 (0.094) 

Epoxy+60 % Bi2O3 2.470 (2.680) 0.189 (0.197) 0.094 (0.095) 

Table 5(c) Variation of mass attenuation coefficient of epoxy 
tungsten oxide composites, as a function of photon energy 

Samples Photon energy (keV)

59.5 356 661

Mass attenuation coefficient in cm2/g  
(XCOM value) 

Epoxy 0.210 (0.184) 0.112 (0.110) 0.077 (0.085) 

Epoxy+10 % WO3 0.481 (0.436) 0.129 (0.118) 0.085 (0.086) 

Epoxy+20 % WO3 0.761 (0.688) 0.129 (0.126) 0.087 (0.086) 

Epoxy+30 % WO3 1.036 (0.940) 0.137 (0.134) 0.088 (0.086) 

Epoxy+40 % WO3 1.274 (1.193) 0.135 (0.143) 0.086 (0.087) 

Epoxy+50 % WO3 1.430 (1.440) 0.152 (0.151) 0.085 (0.087) 

Epoxy+60 % WO3 1.567 (1.690) 0.143 (0.159) 0.086 (0.087) 

3.5.3 Effect of fillers on half value layer (HVL) and tenth value 
layer (TVL)  

The HVL/TVL values for synthesized composites 
at different energies were calculated using equations 
6 and 7 [Tables 6(a-c)]. A decrease in HVL/TVL was 
observed with increasing filler content at fixed 
energy. It is due to the fact that as filler content 
increases, the density  of  composites  and  content  of  

Fig. 9 — (a) Variation of linear attenuation coefficient of epoxy
composites with gamma ray energy and (b) Variation of linear
attenuation coefficient of epoxy/ Pb3O4 composites with filler
weight % at different energies. 
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Table 6(a) — Effect of filler (Pb3O4) content on half value 
layer/Tenth value layer at different energies 

Samples Photon energy (keV)

59.5 356 661

Half- value layer in cm (Tenth value layer) 

Epoxy 3.00 (9.96) 5.60 (18.59) 8.10 (26.89) 

Epoxy+10 % Pb3O4 0.90 (2.98) 3.99 (13.24) 6.10 (20.25) 

Epoxy+20 % Pb3O4 0.47 (1.56) 3.46 (11.48) 5.46 (18.12) 

Epoxy+30 % Pb3O4 0.30 (0.99) 2.70 (8.96) 4.590 (15.24) 

Epoxy+40 % Pb3O4 0.20 (0.66) 2.20 (7.30) 3.80 (12.62) 

Epoxy+50 % Pb3O4 0.15 (0.49) 1.86 (6.17) 3.22 (10.69) 

Epoxy+60 % Pb3O4 0.12 (0.39) 1.57 (5.21) 2.98 (9.89) 

Table 6(b) — Effect of filler (Bi2O3) content on half value 
layer/Tenth value layer at different energies 

Samples Photon energy (keV)

59.5 356 661 

Half- value layer in cm (Tenth value layer) 

Epoxy 3.00 (9.96) 5.60 (18.59) 8.10 (26.89) 

Epoxy+10 % Bi2O3 0.950 (3.15) 4.05 (13.44) 6.25 (20.75) 

Epoxy+20 % Bi2O3 0.500 (1.66) 3.60 (11.95) 5.55 (18.42) 

Epoxy+30 % Bi2O3 0.307 (1.02) 2.95 (9.79) 5.00 (16.60) 

Epoxy+40 % Bi2O3 0.214 (0.71) 2.28 (7.56) 4.05 (13.44) 

Epoxy+50 % Bi2O3 0.155 (0.51) 1.880 (6.24) 3.28 (10.88) 

Epoxy+60 % Bi2O3 0.122 (0.40) 1.60 (5.31) 3.2 (10.62) 

Table 6(c) — Effect of filler (WO3) content on half value 
layer/Tenth value layer at different energies 

Samples Photon energy (keV) 

59.5 356 661 

Half- value layer in cm (Tenth value layer) 

Epoxy 3.00 (9.96) 5.60 (18.59) 8.10 (26.89) 

Epoxy+10 % WO3 1.200 (3.98) 4.47 (14.85) 6.75 (22.41) 

Epoxy+20 % WO3 0.695 (2.30) 4.10 (13.61) 6.10 (20.25) 

Epoxy+30 % WO3 0.452 (1.50) 3.41 (11.32) 5.35 (17.76) 

Epoxy+40 % WO3 0.320 (1.06) 3.00 (9.96) 4.65 (15.44) 

Epoxy+50 % WO3 0.250 (0.830) 2.35 (7.80) 4.15 (13.77) 

Epoxy+60 % WO3 0.201 (0.667) 2.20 (7.30) 3.65 (12.12 

high Z increases, leading to the ceasing of gamma 
rays more effectively, thereby decreasing HVL. 
Further, HVL decreases with an increase in energy for 
fixed filler content, and 60 % Pb3O4 loaded epoxy has 
the lowest HVL/TVL at 59.5 keV because a thicker 
sample is required to stop high energy gamma rays as 
compared to low energy. Epoxy composites filled 
with Pb3O4 and Bi2O3 had almost similar HVL for all 
energies due to their nearby atomic number and close 
density, whereas the WO3 filled epoxy composite has 
slightly higher HVL on  account  of  its  lower  atomic  

Table 7 — Comparison between epoxy composites and standard 
gamma shielding materials 

Samples Density 
(g/cm3) 

Photon energy (keV) 
59.5 356 661

Half- value layer in cm 
Epoxy 1.1 3 5.6 8.1
Epoxy+60 % Pb3O4 2.32 0.12 1.57 2.98 
Epoxy+60 % Bi2O3 2.29 0.122 1.6 3.2 
Epoxy+60 % WO3 2.20 0.201 2.2 3.65 
concrete 2.40 1.05 2.77 4.13
steel 7.80 0.13 0.83 1.3
lead 11.34 0.06 0.25 0.65

number and density as compared to lead and bismuth 
filled epoxy. 

3.5.4 Comparison between epoxy composites and standard 
shielding materials 

The shielding behavior of 60 % Pb3O4, Bi2O3, and 
WO3 loaded epoxy composites was compared with 
standard shielding materials used for gamma rays e.g.; 
concrete, steel and lead (Table 7). Epoxy loaded with 
60 % fillers show lower HVL values as compared to 
concrete at all three energies and also possesses a 
slightly lighter weight than concrete. It can be due to 
the high atomic number of fillers loaded in the epoxy 
matrix, which can stop gamma rays more effectively. 
Further epoxy composites with 60 % Pb3O4, Bi2O3 
and WO3 exhibit higher HVL values as compared to 
lead and steel. However, their weights are around 
one-third of steel and one-fifth of lead, which makes 
them a good candidate for irregular shape shielding 
for low energy gamma rays. 

4 Conclusions 
Epoxy-based lightweight X-ray/gamma-ray 

shielding materials were prepared using lead and 
non-lead (bismuth and tungsten-based) fillers in 
different weight % (0-60). The X-ray radiography 
studies of lightweight epoxies confirmed the uniform 
distribution of metal oxide in the polymer matrix. 
The experimental and calculated (XCOM) mass 
attenuation coefficients of shielding materials are 
closely matched. Moreover, 60 % filled epoxy 
composites display several advantages over standard 
concrete owing to their lower HVL/TVL values 
(energy range 59.5 to 667.1 keV), moldability for 
construction of irregular shaped configurations, and 
moderately lighter weights. These features make the 
lightweight epoxy composites (lead or non-lead) more 
desirable substitutes as a shielding material than 
concrete. In addition, they may also serve as lower 
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weight shielding substitutes for lead and steel for low 
energy X-/gamma rays.  
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