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Abstract

Long term exposure to very high levels of radiations from medical diagnostic centres, industries, nuclear research establishments and nuclear
weapon development have resulted in health effects such as cancer and acute radiation syndrome, hence the need for proper radiation shielding.
This paper investigated Epoxy-Lead (II) Oxide (PbO) composite as radiation shielding. The composites were prepared by dispersion of micro-
sized PbO particles into polymeric materials using effective melt-mixing method and cast in a 4 cm by 6 cm rectangular aluminium Mold with
a thickness of 5 mm and was allowed to set over night at room temperature. The gamma ray attenuation ability of the composites were studied
using gamma ray transmission or attenuation coefficient determination for the gamma ray energy. Three gamma ray sources Ba-133, Cs-137 and
Co-60 were employed. The density, linear attenuation coefficient, half value layer (HVL), relaxation length and heaviness of the samples were
determined. The measured values of linear attenuation coefficient increased with increasing filler concentration in all the samples at all gamma
ray energies. It was also noticed that 40 % and 50 % filler samples attenuates more relative to the other samples under study. The maximum linear
attenuation attained was found at energy of 662 keV. The composites have been found to possessed medical gamma-ray attenuation characteristics
among the sample materials over a certain photon energy range (0.08 MeV–1.332 MeV) and found useful as a biological radiation shielding
against gamma rays.
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1. Introduction

Electromagnetic radiation like gamma beams and x-beams
are risky to human wellbeing. Individuals get exposed to gamma
and x-radiations from various kinds of sources including in-
dustries, medical diagnostic centres, nuclear research establish-
ments, nuclear reactors, research involving radio-isotopes and
nuclear weapon development facilities.
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abideen2004@gmail.com (M. A. Salawu )

To shield work force and delicate electronic gear from such
ionizing radiation, protection is important. Radiation protection
is the act of shielding individuals and the environment from un-
safe impact of ionizing radiation. Radiation exposure is one
of the significant concerns when setting up thermal energy sta-
tions, the utilization of solid (high action) Poly Aniline (PANI)
discover application in strong erosion safe materials, electrical
apparatuses, electrolytes for batteries and electromagnetic pro-
tecting materials.

Lead is the most well-known protecting material used to
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shield against gamma beam and x-beams. Be that as it may,
the presence of a quickly changing attractive field in these ra-
diations prompts whirlpool current in a conductor. Thus, the
utilization of standard metallic lead gets unsatisfactory. Ac-
cordingly, it is attractive that the protecting material ought to be
a non-conductor. This necessity is very much fulfilled by utiliz-
ing different mixes of metal powders in a polymer grid.

Composites are materials that contain solid burden convey-
ing material (known as reinforcement) imbedded in a more vul-
nerable material known as matrix [1]. Polymeric composites
containing different measures of inorganic added substances
have been widely read by a few specialists to contemplate the
protecting properties toward gamma and x-radiation [2, 3, 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23].
The added substances might be any of the fitting high-electron
thickness materials, for example, lead oxides, lead silicate, lead
sulfide, and so forth, scattered in a plastic matrix or materi-
als containing lead acrylate. Lead material is dense and has
radiation that can be employed against different forms of high-
energy applications of radiation such as gamma rays, x-rays,
and other types of nuclear radiation.

In this study, the gamma ray attenuation ability of the fabri-
cated composites was studied by means of gamma ray transmis-
sion or attenuation. coefficient determination for the gamma ray
energy. This was performed by using three gamma ray sources
which are Ba-133, Cs-137 and Co-60. The sample prepara-
tion was based upon the dispersion of micro-sized particles into
polymeric materials by an accurate and effective melt-mixing
method which was becoming increasingly important so that a
uniform mixture could be produced.

2. Materials and methods

Epoxy resin (bisphenol-A-diglycidyl ether poly), hardener
(isophoromediamine) and filler (lead (II) oxide powder) of com-
mercial grade were used with the modification of the method
reported by [24]. The sample preparation was based upon the
dispersion of particles into polymeric materials by melt-mixing
methods. Micron-sized PbO was added into the epoxy resin be-
fore the hardener was mixed into it. The ratio of epoxy resin
to hardener used was 2:1. The mixing of PbO powder in epoxy
resin was stirred thoroughly using a two-roll Rheomixer device
and a rotor speed of 60 revolution per minutes (rpm) for 10 min-
utes to ensure fairly uniform dispersion of the powder in epoxy
matrix. The well-mixed mixture was then cast in a 4 cm by 6
cm rectangular aluminium mold with a thickness of 5 mm and
was allowed to set over night at room temperature. The density,
linear attenuation coefficient, half value layer (HVL), relaxation
length and heaviness of the samples were determined. The ap-
parent density of prepared samples was measured using:

ρ =
M
V
, (1)

where M and V are the mass and volume of each sample, re-
spectively.

The measured densities were compared with the theoretical
values, (with an assumption that the samples were free from
voids) which are determined using:

ρc =
100[

E
ρ f
− E

ρe

] (2)

where E is the weight % of epoxy, ρ f is the density of filler, and
ρe is the density of epoxy.

Gamma ray transmission through the prepared samples was
studied using beam of well collimated point source from Co-
60, Cs-137, Ba-133. The initial intensity (Io) of the generated
gamma-rays was determined. The distance between the source
and the detector was set to be 6.6 cm. Then the transmitted
gamma-ray beam (I) was measured with the sample placed in
front of the detector. For each composite sample, the measure-
ments were performed three times. The linear attenuation coef-
ficient for each sample was then calculated using:

µ =
ln I0

I

x
(3)

where x is the thickness of the sample, I0 is initial intensity
of the gamma ray, I is the transmitted intensity with shielding.
Figure 1 shows the schematic diagram of the set up.

Figure 1: Schematic setup of experiment.

The mass attenuation coefficient was determined using:

µm =
µ

ρc
(4)

where µ is linear attenuation and ρc is theoretical density.

The Half Value Layer (HVL), relaxation length and % of
heaviness were respectively determined using equations (5), (6)
and (7), respectively.

HVL =
0.693
µ

, (5)

Relaxation length λ =
1
µ

(6)
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where µ is the linear attenuation of the absorber. With reference
to lead, the % of heaviness of other conventional shielding ma-
terials along with epoxy + PbO composites was evaluated using
equation (7).

% of heaviness =
Density of material

Density of lead
× 100 (7)

3. Results and Discussion

Figure 2: Density against the percentage weight of the sample

The density of the samples increases as the percentage weight
of the samples increases. The densities ranges from 0.55 g/cm3

to 1.1 g/cm3 from 0 to 50 percentage weight.
Table 1 and Figure 3 illustrate the relationship between lin-

ear attenuation coefficient and weight percent of the filler of the
composites for Ba-133, Cs-137 and Co-60 gamma sources. The
measured values of linear attenuation coefficient increased with
increasing filler concentration in all the samples at all gamma
ray energies and is in good agreement with the reported works
of [24, 25]. The linear attenuation coefficient ranges between
1.0773 to 2.9833 for Ba-133, 4.9945 to 7.2121 for Cs-137 and
0.3942 to 0.9486 for Co-60 gamma sources.

Figure 4 shows the linear attenuation coefficient against en-
ergy for the samples under study. It was noticed that 40 % and
50 % filler samples attenuate more than the rest of the sam-
ples. The maximum attenuation attained was found to be at

Table 1: Linear attenuation coefficient (µ) of the samples for each Gamma
Source.

S/N Filler % in
sample

Linear Attenuation (µ)

Ba-133 Cs-137 Co-60
1 0 1.0773 4.9945 0.3942
2 10 2.0877 5.1310 0.5467
3 20 2.1472 5.2417 0.6125
4 30 2.2455 5.4956 0.7190
5 40 2.8388 7.1113 0.8981
6 50 2.9833 7.2121 0.9486

Figure 3: Linear attenuation coefficient against % filler in the sample

Figure 4: Linear attenuation coefficient (cm−1) against Energy (keV)

energy 662 keV as shown in Figure 4. The shielding materials
attenuates single energy more than the double range energies
sources. Linear attenuation decreased at 80 keV to around 400
keV and optimum at 662 keV and decreases down as the energy
increases to 1332 keV. This is due to the fact that linear atten-
uation was pronounced for single energy sources and less for
bi-energy source. At 662 keV energy, linear attenuation coeffi-
cient values was noticed to have increased due to Cs-137 being
single energy source and having low activity of 0.25 µCi.

Figure 5: Half Value Layer against % weight
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Figure 5 shows the Half Value Layer against % weight for
the samples under study. The Half Value Layers (HVLs) for the
samples are seen to have small values for Cs-137 and Ba-133
gamma radiations relative to Co-60. Also the significant reduc-
tion in values of HVLs for Cs-137 may be due to it being single
energy source. The HVLs also decreases with increasing filler
content. Therefore, it requires a thickness of 0.731 cm, 0.096
cm, 0.23 cm of 50 % filler to reduce the radiation intensity com-
ing from gamma sources Co-60, Cs-137, and Ba-133 to 50 %
respectively.

Figure 6: Half Value Layer against Energy (keV).

Figure 6 illustrates the relationship between HVL and en-
ergy. It was found that the HVLs of the composite samples
behaves differently at different energies of the gamma radia-
tion. The HVL decreased significantly at 662 keV and has op-
timum value at 1200 keV for all the samples under study. The

Figure 7: Relaxation length against the Energy (keV) for different weight per-
cent filler in the Samples.

relaxation length (λ) is calculated from linear attenuation coef-
ficient (µ) of all the samples at an energy range of 80 keV–1332
keV and it changes with photon energy as shown in Figure 7.
The relaxation length (λ) of any particular radiation represents
the average distance between two successive interactions. The
less the relaxation length of a material at a particular energy,
the better the shielding properties it possesses. Mathematically,
the relaxation length (λ) is equivalent to the reciprocal of lin-

ear attenuation coefficient (µ). It is observed that at 662 keV
energy, the relaxation length is relatively low relative to other
energy sources. This indicates that the composites will be a
good shielding material at 662 keV. The low energy photons
loses their energy in a short distance while high energy pho-
tons need a longer distance to lose their energy. Figure 8 shows

Figure 8: Relaxation Length against % weight of the samples

the Relaxation Length against % weight of the sample. The re-
laxation length decreased with increased in filler content of the
samples. This is as a result of increase in densities of the sam-
ples thereby causing the distances between the particles in the
samples to decrease.

Figure 9: Relaxation Length against % weight of the samples

Figure 9 shows the % of heaviness of each of the % weight
composition of Epoxy PbO. The results obtained proved that
the polymer composites considered exhibits excellent lightness
relative to conventional radiation shielding materials such as
Lead, Barite, Steal, Concrete Lead Glass, whose % heaviness
ranges between 54.85 and 100. At the same time, their perfor-
mance as radiation shielding materials are appreciable partic-
ularly at higher concentrations and for low energy gamma ray
sources.

Figure 10 shows the Scanning Electron Microscope (SEM)
micrographs of PbO epoxy filled composites for (a) pure epoxy
(b) 10 % filler (c) 20 % filler (d) 30 % filler (e) 40 % filler and
(f) 50 % filler. The micrographs showed uniform distributions
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(a) (b)

(c) (d)

(e) (f)

Figure 10: Scanning Electron Microscope (SEM) micrographs of fabricated samples

of the filler within the matrix (Figure 10a to 10f). The bright
regions represent the filler particles (PbO) dispersed in the dark
epoxy matrix. The fillers were seen to be quite uniformly dis-
persed in the composites, although with minor agglomerations.

4. Conclusion

The measured values of linear attenuation coefficient in-
creased with increasing filler concentration in all the samples
at all gamma ray energies. The 40 % and 50 % filler samples
attenuate more gamma ray relative to the other samples under
study. The maximum linear attenuation attained was found to
be at energy of 662 keV. This locally developed shielding mate-
rial, Epoxy-Lead (II) oxide (PbO) composite has been found to
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possesses medical gamma-ray attenuation characteristics among
the sample materials over a certain photon energy range (0.08
MeV–1.332 MeV) and at this energy range, it can be used as
a biological radiation shielding against gamma rays. The low
cost, availability of raw materials and ease of fabrication makes
the composites an excellent radiation shielding material.
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