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Abstract
Heavy mixed composites with polymer matrix are new competitors of the conventional lead
electromagnetic radiation shields. In this research work Isophthalic resin Polymer composite
with Fillers Particulate in organic complexes polyester resin filled with different concentrations
of three mixed composites like lead oxide bismuth oxide, tungsten oxide composites were
compared and also mixed+ISO composites were selected for further characterization were
prepared,These mixed composites are reinforced with heavy metals to increase attenuation
performance of the material while polymers are used to ensure lightness, cheapness and
flexibility. Providing load-stress transfer and giving easy formability and process ability to the
mixed composite are also role of the polymer component. The potential effect of different
polymer matrixes on shielding performance of the composite is generally ignored while effect of
filler type is investigated detailed in the literature. Thus in this study effect of different polymer
matrixes on composite electromagnetic shields is investigated. In three different mixed
composites were used and filled with different amounts of powdered mixed composites like lead
oxide (PbO), bismuth oxide (Bi2O3), tungsten oxide (WO3). the radiation shielding properties for
gamma rays of energy 2.139 Kev from Cs-137 point source have been presented in this
journal.The morphological analysis of the composites made using the scanning electron
microscope showed that, the three above said mixed oxides particles were observed to disperse
uniformly in the polymer matrix with an average inter particle distance of about 4.7 mm and an
average size of about 4.5mm. The linear attenuation coefficient of the composites was found to
increase with increased filler content in the composites. The highest value of 0.428 cm-1was
found for 30 wt % of mixed composites. These three mixed composites were observed to exhibit
excellent % of heaviness and half value layer in comparison with other conventional existing
materials.
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INTRODUCTION
Polymers playing vital role in many
applications especially radiation applications.
In this research work Isophthalic resin
Polymer composite with Fillers Particulate in
organic complexes polyester resin filled with
different concentrations of three mixed
composites like lead oxide bismuth oxide,
tungsten oxide composites were compared
andalso mixed+ISO composites were selected
for further characterization were prepared.
These composites were investigated for
physical, thermal, mechanical, and gamma
radiation shielding characteristics using
modern scanning electron microscope for
different investigations. Nowadays, the
demand for novel shielding materials is
increased
as
the
usage
areas
of
electromagnetic radiation increased with the
developing technology. These novel shielding
materials have to be light weight, non-toxic
and flexible for eliminating disadvantages of
lead shields. Mixed Composite shielding
materials which combines different material’s
properties in mixed composites material are
seem to be a good solution for this problem.
Polymeric composite materials which a
polymer is used as matrix material and
reinforced with another material are one type
of these composite shielding materials.
Isophthalic resin Polymer is used because of
theirlightness, cheapness and flexibility while
heavier particles like metals increases
shielding performances of the composites.
Literature reveals that polymer based and
inorganic material filled composite materials
attenuates radiation shielding more than pure
polymers and less than pure metals [1-5]. But
the effect of polymer type on shielding
performance is not studied detailed in contrast
detail studied effect of filler type on it. Thus
in this study three different mixed composites
were used as composite shielding material
matrix material and all of them were
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reinforced with the same filler material. The
shielding performance measurements were
carried out and effect of polymer matrix type
on shielding performance was investigated.
In this study some mixed composites were
produced and their electromagnetic radiation
shielding
effects
were
investigated.
Commercial powdered polyethylene was used
as polymer matrix material of the composites
and filled with different amounts of powdered
mixed composites like lead oxide (PbO),
bismuth oxide (Bi2O3), tungsten oxide (WO3).
The polymer matrix was used to reduce the
heaviness and increase the flexibility while
metal mixed fillers were used to increase
radiation attenuation properties of the mixed
composites. The produced composites were
tested gamma spectrometric ally to determine
their radiation shielding capacities.
EXPERIMENTAL
Constituents of the composites
Three different mixed material composites
were used name as lead oxide (PbO), bismuth
oxide (Bi2O3), tungsten oxide (WO3)and
Isophthalic resin Polymer composite used as
polymer matrix material of the mixed
composites. These mixed composites having
shielding material properties but lead superior
over them due to its high density, high atomic
number and low cost. Besides these lead have
many important disadvantages that limits its
application areas and usage such as really
high toxicity and heaviness, low mechanic
and chemical stability and inflexibility.
Mixed composites with filler weight % of 0,
5, 10, 15, 20, 25, and 30 were prepared in
laminate form using a simple and well
established open mold casting technique at
room temperature. In this method, filler and
resin fractions were carefully weighed and
mixed thoroughly for fine dispersion of the
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filler in a motorized blender at about 1200
rpm. About 3.0% of an accelerator and then
2.5% of hardener were added to the mixture
and finally poured into a stainless steel mold
of 4 mm thick, 160 mm wide, and 260 mm
height. The composites were first allowed to
cure in the mold at room temperature for 24 h
and post cured in an oven at a constant
temperature of 80C for 8 h. The composite
sample designations and the weight % of lead
monoxide in the composite are shown in
column 1 and 2 of Table I respectively.
Archimedes technique was employed in
determining the average density of the
composite samplesaccording to ASTM D
792-91.12 A calibrated (150 gm) single pan
electrical balance (Precision Balances,INDIA)
and three organic liquids such as toluene,
ethanol, and chlorobenzene were used for the
purpose. Theoretical values of the density of
the composites (void free) were predicted
using the following relation and compared
with those of experimental values.
Density of composite =

100
𝑀
𝐹
+
𝜌𝑚 𝜌𝑓

……(1)

Where, M = wt % of the matrix, F = wt %
ofthe filler,𝞺m = density of matrix and 𝞺f =
density of the filler. Filler Fraction, Density,
Linear, and Mass Attenuation Coefficients of
the Composites.
Filler Fraction, Density, Linear, and Mass
Attenuation Coefficients of the mixed
Composites.
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Fractured surfaces of the composite samples
were examined under a Scanning electron
microscope (FE-SEM, ZESIS Technologies
Germany, Inc.) to understand the binding
behavior between the filler particles and the
polymer, the nature of dispersion and filler
particle size.
Measurement of attenuation coefficient for
gamma rays
On the basis of a standard 80C point gammasource that have photopeaks at 1.123 and
1.139keV energies. A cylindrical lead shield
with a well hole through the lead was used for
the measurements for providing the detector
to count only the gamma rays coming through
the shielding material by blocking the gamma
rays coming through to the detector from
other directions. The lead shield was placed
above the HPGE detector and the shielding
materials with 200 nm thickness were placed
at the bottom in thelead shield while the
radioactive source was placed onto the
shield.All the performance calculations were
done relativelyby comparing inlet and outlet
radiation intensity toavoid any efficiency
calibration errors. Initialradiation intensity
(inlet) was measured for onlyradioactive
source
without
placing
any
other
materialbetween the source and detector.The
data acquisitions were performed for a period
of1000 s. The spectra were evaluated by using
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theMaestro-ORTEC software program. Then
the percentattenuation rates of the composites
were calculated.Percent attenuation rate could
be defined as thepercent ratio of radiation
intensity before (inlet) andafter (outlet)
interaction with the material, Eq. 2.F% = ((I0I)/I0)x100 (2)Here F% is percent attenuation
rate, I0 is the initialintensity of radiation and I
is the residual intensityafter traversing the
material.

RESULTS AND DISCUSSION
The results of the density of the mixed
composites prepared are shown in column 3
of Table I and are observed to increase with
the filler loading (150 gm). The increase in
the density of the composite with increasing
volume fraction of the filler.
Above the critical concentration of the filler,
there might not be enough polymer to cover
the filler surface which results in increase of
free volume and hence, decrease in density of
the mixed composite. The experimentally
determined densities of composites were
observed to be in good agreement with those
of theoretical and are as shown in Figure 1(b).
To understand the dispersability of mixed
composites
with
resin
composition,
morphological study was made using the
latest scanning electron microscope. The
nature of the fractured surfaces has been
clearly shown in the photo micrographs of
SM1 [Fig. 1(a,b)], SM2 [Fig. 2(a,b)] and SM4
[Fig. 3(a,b)]. Figure SM7[Fig 4(a,b) proves
the brittle surface fracture of SM1 with
regularly graded ridges with their average
widths as 4.7 microns. In Figure 2(a) there are
wider, lighter streaks that depart from the
ridges. It represents the fraying or detachment
of ribbon-like strands from the ridges during
fracture, which is a common fracture mode in
neat thermosets. Figures 3(a,b) and 4(a,b)
show the dispersed morphology of the
fractured surface at low and high
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magnification of the composites SM6 and
SM7. It is clear from these figures that the
fillers have a good dispersability with an
average inter particle distance of about 5 lm
and an average size of about 7.36 lm. Radial
fronts involving the mixed particle at one end
and linking with at least one or the other
particle along the ridge path can be seen in
Figures 3(b) and 4(b). The presence of mixed
particles in the matrix makes such a radial
path (different crack propagation) different
from that observed for the neat resin case
where due to the absence of filler, the crack
propagation is almost zigzag. On the other
hand, for samples involving fillers the
direction of the radial front and presence of
lead particles in the path influence the
progression of the crack. Further, with
increased filler loading, there are less
pronounced ridges as the tension in the matrix
is released more often during fracture
resulting in a smoother surface. The results of
the linear attenuation coefficients of the
composites prepared are shown in column 4
of Table I. From the results the linear
attenuation coefficient of the composites is
found to increase with increasing filler
content.

Figure 1 (a) SEM micrograph of mixed
composites+ISO SM1 at low resolution.(b)
SEM micrograph of SM2 at high resolution.
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expected to exhibit better shielding properties.
Plot.

Figure 2 (a) SEM micrograph of SM2 at low
resolution.(b) SEM micrograph of SM2 at
high resolution.
It appears to increase gradually at lower
concentrations of filler (up to SM4) and then
rise steeply (up to SM7). This may be
attributed to the fashion by which the filler is
dispersed in composites and increase of
density of the composites with filler loading.
Generally the gamma rays either be absorbed
or scattered in a single event through various
interaction processes with the different
components of the absorber which is a high
energy interaction. The total linear attenuation
coefficient is the sum of the interaction cross
sections/probabilities due to each component
of the composite. Further the interaction
probability and hence the linear attenuation
coefficient is a direct function of density of
the material but not of chemical nature
(chemical bonding) or structure of the
material (crystal structure). Thus composites
with a fine dispersion of high density filler
should offer more interaction probability for
photons and hence better shielding properties.
Figures 3(a) and 4(a) clearly reveal the fine
dispersion of the filler in the polymer matrix
and due to which the composites may have an
even distribution of density throughout the
samples. Hence such composites were
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Figure 3 (a) SEM micrograph of mixed
composites+ISO SM3 at low resolution.(b)
SEM micrograph of SM3 at high resolution
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absorbers any composites.Even though, the
observed value of the mass attenuation
coefficient of the composite (0.00945 cm2/g
for SM7) is lower than that of the elemental
lead, it is found to possess shielding ability of
nearly 88% of that of the latter. It is an
appreciable information pertaining to the
polymer based radiation shields. The % of
heaviness and the half value layer (thickness
of the absorber required to reduce the incident
intensity to its half) of the various radiation
shields From the figure, the % of heaviness is
observed to increase with filler concentration
in composites. F% values of different based
composites at 1.129 keV radiation energy
show the same tendency as 2.139keV. The
only difference is the values are a little small
by comparing the results of 1.129keV. It is
already the expected result because the
attenuation factor decreases as the energy
increases for the same type of shielding
material and geometry.

Figure 4 (a) SEM micrograph of mixed
composites+ISO SM7 at low resolution.(b)
SEM micrograph of SM7 at high resolution.
Attenuation coefficients and the density, the
mass attenuation coefficients of the
composites (SM1 to SM7) were also
evaluated and are shown in the last column of
Table I. They range from 0.0066 cm2/g (for
SM1) to 0.00945 cm2/g (for SM7). To know
the shielding ability of the composites thus
prepared with respect to that of the elemental
and the conventional any other shielding
materials. From the graph, it was found that
the mixed composites were observed to
exhibit better efficiency (with a peak value of
0.00945 cm2/g for SM7) than the other
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CONCLUSIONS
Mixed composites particles were observed to
disperse uniformly in the polymer matrix.
Isophthalic resin Polymer filled with mixed
composites (above 30% filler loading)
exhibits good shielding properties for gamma
rays of energy 2.139 Kev. Mixed content of
the filler in the mixed composites may be the
major contributor toward the attenuation of
gamma rays due to its high atomic numbers
and densities. Observed mass attenuation
coefficients of the mixed composite samples
are sufficiently higher than the metals like
silver, copper, and also concrete, but found
inferior to lead and other composites. These
composites may work as good shields at
lower and medium gamma energies.
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