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Radiation shielding aprons are needed by radiation workers to minimize radiation
exposure to the body. The aprons at present use fabric-coated lead plates which are
heavy and rigid materials and therefore are not comfortable to use. Polymer aprons
from cassava starch and glycerin with addition of Pb-nitrate filler at 0 %, 2 %, 4 %,
and 6 % have been synthesized. Mixtures for synthesizing the polymer apron
composites were heated using a magnetic stirrer at a speed of 800 rpm at 160 °C for
25 minutes. Then, the polymer apron composites were dried in an oven for
24 hours at 70 °C. The effectiveness of the apron was determined by calculating the
attenuation coefficient («), half-value layer (HVL), and radiation absorption.
The mechanical properties of the aprons were characterized by testing their tensile
strengths using an A&D MCT-2150 universal tester. The result shows that the
optimal addition of Pb-nitrate filler of as much as 6 % produced aprons with an
attenuation coefficient of 1248 cm™, HVL of 0.54 cm, and radiation absorption of
25 %, while the aprons’ tensile strength was obtained as 28.244 MPa. The addition
of Pb-nitrate as a filler in apron composites proportionally improves the quality of
materials used as radiation shields. More detailed research is still needed to obtain
the best apron.

© 2021 Atom Indonesia. All rights reserved

INTRODUCTION

Radiation shielding is a device used to block

The contributions of nuclear technology have
substantially increased in such areas as the
production of electricity by nuclear power plants,
environment, radiotherapy, and diagnostics in
medicine, as well as applications in agriculture and
various other industries [1,2]. In the health sector,
nuclear technology is applied as ionizing radiation in
the form of X-ray radiation for diagnosing diseases
in the human body and radiotherapy treatments [3].
Besides having benefits, ionizing radiation can also
be very dangerous. Interaction of radiation with
matter in the human body causes cells in the body to
be damaged, and excessive radiation exposure may
cause cancer in humans [4,5]. The possible effects
of ionizing radiation require strong radiation
protection efforts. Therefore, radiation shielding is
needed to minimize radiation exposure to the
human body [6].
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or absorb radiation. To absorb certain types of
radiation, radiation shielding material must have a
high density and high atomic number [7-9].
Radiation workers commonly wear radiation
shielding in the form of aprons. The existing apron
is made of a pure lead plate, making it heavy, hard,
stiff, and therefore not very comfortable to wear
[10]. Some of the research use composite materials
from polymers as shielding radiation. Composite
materials are becoming increasingly popular in a
wide range of applications due to considerable
results that can be achieved by combining a polymer
material with various functional fillers [8,11]. The
fillers commonly used are lead, tungsten, barium,
bismuth, and various other substances [8,12,13].
Starch is one of the most promising materials
for the future because it is a renewable natural
polymer material that is environmentally friendly
and can be modified for various purposes, including
for the biomedical field. The availability of starch is
quite abundant and the price is relatively low.
Unfortunately, the development of starch-based
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products is limited, among other reasons, by their
low tensile strength and high water vapor
permeability [14]. This is related to starch’s
hydrophilicity and sensitivity to high water content,
and this characteristic is unfortunately difficult to
control [14]. Usually, one of the main components
of starch-based materials is the plasticizer, which is
used to reduce the brittleness due to high
intermolecular forces. Water and glycerols are often
used as plasticizers to produce materials from
starch [14].

In this study, apron polymers were
synthesized from a mixture of cassava starch,
glycerin, distilled water, and Pb-nitrate as filler.
The apron synthesized is expected to be a radiation
shielding that is easy to process, lightweight,
and capable of absorbing radiation, especially
X-ray radiation.

METHODOLOGY
Materials and instruments

In this study, the materials used were cassava
starch, Pb-nitrate, glycerin, and distilled water. The
instruments used are X-ray equipment and detectors,
Tensile Testing Machine of MCT-2150 series,
ovens, magnetic stirrers, beaker glass, measuring
tubes, Ohaus balance, spoons, Petri dishes, and glass
spatulas.

Procedure
Synthesis of composite polymer apron

Composite polymer aprons are made by
mixing cassava starch, Pb-nitrate, and distilled water
into beaker glass. Then, the mixture was heated
using magnetic stirrer with a speed of 800 rpm
and at a temperature of 160 °C for 5 minutes.
Then, glycerin was added and the mixture reheated
for 25 minutes. After the composite thickened,
it was then poured into a petri dish and dried using
an oven at 70 °C for 24 hours. The Pb-nitrate
concentration of the synthesized composites was
varied at 0, 2, 4, and 6 %.

Absorption effectiveness test of apron
composite using X-rays

Composite apron synthesis results were tested
using X-ray radiation to determine the effectiveness
of absorption (Fig. 1). Testing was conducted at a
distance of 25 cm from the X-ray equipment
(focal spot). The distance between the X-ray
equipment and the detector is 100 cm. Furthermore,
the X-ray equipment is given a voltage of 80 kV [3].
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Fig. 1. Testing using X-ray equipment.

Calculation of effectiveness

The effectiveness of apron composites is
measured by calculating the value of the attenuation
coefficient, half-value layer (HVL), and composite’s
radiation absorption. The attenuation coefficient
reprsents the reduction in radiation intensity after
passing through the material, while HVL is the
thickness of the material needed to reduce the
radiation intensity to half of the initial intensity.
Calculation of effectiveness begins with calculation
of attenuation coefficient, following Eq. (1) [15]:

=y ®
where:
I = intensity of the radiation transmitted (uGy/min.)
lo = intensity of radiation without absorber
(LGy/min.)
u = linear attenuation coefficient of radiation (cm™)
x = thickness of shield (cm)

The relation between x and HVL can be stated
asin Eqg. (2).
HVL = % @)
The radiation absorption of the composites
can be determined by Eq. (3)
DS=(1—-e"")x100% (3)

In Eqg. (3), DS represents the absorption of the
shielding (%).

Tensile strength test

Tensile strength is one of the mechanical
properties of the apron. In this research, a tensile
strength test was carried out of the sample using an
A&D MCT-2150 universal tester.

RESULTS AND DISCUSSION

The effect of Pb-nitrate filler addition
on the attenuation coefficient and HVL
of composite apron

The attenuation coefficient represents the
reduction in radiation intensity after passing
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through a compound or material caused by photon
absorption or scattering of photons from X-rays.
The attenuation coefficient attained is linear in
respect to Pb-nitrate content, which means more
concentration of Pb-nitrate that was added
proportionally increased the attenuation produced
(Fig. 2). Attenuation shows the effectiveness of
radiation shielding; the higher the attenuation,
the better the capacity to reduce radiation intensity.
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Fig. 2. The effect of various filler (Pb-nitrate) additions on attenuation
coefficient and HVL.

The 0-6 % addition of Pb-nitrate filler
produces a change in the half-value layer from
0.618 cm to 0.540 cm (Fig. 2). Thus, it can be said
that the smaller the HVL value, the more effective a
material's capacity to block radiation. Half-value
layer is usually used to assess the effectiveness of a
material as radiation shielding. An HVL is the
material thickness value needed to reduce the
intensity of an X-ray beam to half of the initial
intensity [16].

The same addition of 0-6 % Pb-nitrate filler
also changes the attenuation coefficient at 80 kV
from 1.121 cm™ to 1.284 cm™ (Fig. 2). A similar
study using a 6 % silicone rubber silica composite
was conducted by Astuti et al. (2019), and the
attenuation coefficient at 80 kV was found to
be 0.7 cm™ [17].

The effect of Pb-nitrate filler addition on
radiation intensity of composites apron

Increasing the addition of Pb-nitrate in the
apron composite will decrease the intensity of
radiation reaching the detector (Fig. 3). This shows
that the apron composite with high Pb-nitrate
filler minimizes the intensity of the transmitted
radiation. Radiation protection materials with high
atomic number materials will be able to absorb or
withstand radiation intensity. Lead (Pb) is an
element that has high atomic number and mass

density (Z = 82, mass density = 11.34 g cm?),
so the composite that is made can act as a
radiation shielding.
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Fig. 3. The effect of various filler (Pb-nitrate) additions on radiation
intensity and composites absorption.

Absorption capacity shows how much an
apron composite can absorb radiation intensity.
Figure 3 shows the effect of filler addition
(Pb-nitrate) on radiation intensity and composite
absorption. As seen in the graph (Fig. 3),
as Pb-nitrate concentration increases in the apron
composite, the composite absorption capacity
increases. That means the composite with 6 %
Pb-nitrate filler can absorb higher radiation intensity
compared with composites with Pb-nitrate below
6 %. This result occurred due to the influence of the
composite material which has a higher atomic
number. Wozniak et al. (2017) state that heavy
metals (with high atomic numbers), such as lead
(Pb), tungsten, bismuth, or a mixture of these
substances, have been conventionally used to protect
from X-rays due to their higher density that enables
them to absorb X-ray radiation [18].

The effect of Pb-nitrate filler addition on
the composite thickness on radiation
absorption of apron

The thickness of the composite also affects
the intensity of the transmitted radiation. The greater
the thickness of the composite, the lower the
intensity of the transmitted radiation. Figure 4 shows
that with the increase of the polymer apron
composite thickness, the transmitted radiation
intensity decreases.

The increased thickness of the composite
increases the radiation absorption (Fig. 4).
The results showed that the addition of 6 % Pb-
nitrate filler with a thickness of 0.6 cm gave the
highest composite absorption value. Research by
Fontainha et al. (2016) on nanocomposites showed
that the addition of as much as 10 % of ZrO, filler at
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a thickness of 1 mm was able to absorb X-rays by Effect of Pb-nitrate filler addition on tensile

60 %, compared to 5 % filler; this shows attenuation
as a function of thickness [19].
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Fig. 4. The effect of composite thickness on radiation intensity

and composites absorption for additional Pb-nitrate contents of
(@) 0%, (b) 2 %, () 4 %, and (d) 6 %.
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strength of apron composite

Tensile strength is one of the mechanical
properties of the apron polymer composite.
The results showed that the higher the addition of
Pb-nitrate filler concentration, the higher the tensile
strength (Fig. 5).
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g. 5. The effect of various filler (Pb-nitrate) additions on tensile
strength of polymer composite aprons.

Figure 5 shows that there is a tendency that
the addition of Pb-nitrate filler to the composite
synthesis apron is able to increase its tensile
strength. The addition of Pb-nitrate filler up to 6 %
obtained the maximum tensile strength in the
apron composite of 28.244 MPa. According to
El-Kameesy et al. (2015), the addition of filler to the
rubber composite also affects tensile strength,
and adding Pb-oxide filler to rubber composites can
increase tensile strength by up to 35 % [20].

CONCLUSION

In this study, an evaluation of the shielding
properties of x-ray radiation such as attenuation
coefficient, HVL value, and absorption effectiveness
of apron polymer composites made of tapioca starch
with different Pb-nitrate filler concentrations was
carried out. The addition of Pb-nitrate filler on
(mechanical properties) was seen to increase tensile
strength with increasing filler addition. Likewise,
the value of the attenuation coefficient, HVL, and
the effectiveness of absorption is directly
proportional to the addition of Pb-nitrate filler.
This is related to the tendency of adding fillers to the
apron compound of tapioca starch which causes a
linear increase in the hardness of the material. More
detailed research is still needed in order to
obtain optimal results.
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