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FABRICATION OF NOVEL
(BIOPOLYMER BLEND-LEAD OXIDE
NANOPARTICLES) NANOCOMPOSITES:
STRUCTURAL AND OPTICAL PROPERTIES
FOR LOW-COST NUCLEAR RADIATION SHIELDING

Low-cost polymer nanocomposites prepared for the nuclear radiation shielding have highly lin-
ear attenuation coefficients, light weight, and elastic, good mechanical, optical, and dielectric
properties. The carboxymethyl cellulose (CMC)–polyvinyl pyrrolidone (PVP) polymeric blend
is prepared with concentrations: 60 wt.% CMC and 40 wt.% PVP. The lead oxide nanoparticles
are added to the CMC–PVP blend with different concentrations: 0, 2, 4, 6, and 8 wt.%. The
structural and optical properties of (CMC–PVP–PbO2) nanocomposites are studied. The re-
sults show that the absorbance of the (CMC–PVP) blend increases and the energy band gap
decreases, as the concentration of PbO2 nanoparticles increases. The optical constants of the
(CMC–PVP) blend increase with the concentration of lead oxide nanoparticles. The (CMC–
PVP–PbO2) nanocomposites have highly linear attenuation coefficients for gamma radiation.

K e yw o r d s: nanocomposites, lead oxide, structure, absorbance, gamma radiation, atte-
nuation.

1. Introduction

Nuclear medicine has grown quickly in recent
years. With the invention of gamma cameras, PET &
SPECT, the use of radioisotopes in the diagnosis and
treatment of diseases has become inevitable. Ionizing
radiation is presented as a factor that has always pro-
duced deleterious biological effects, which can cause
serious incurable damages in people who somehow
deal with radiation. Although the deleterious effects
usually require relatively high doses, molecular bi-
ological studies have shown that the risk of malig-
nancy and cancer for ionizing radiation is a simple
function of the dose of radiation, and the threshold
is lacking. Hence, the hypothesis that low-dose radi-
ation entails no risk of cancer has no basis [1]. Poly-
mers are high molecular weight compounds composed
of units called monomers. Numerous molecules are
regularly attached to each other by chemical bonds
and form polymers. Polymers are used in many ar-
eas such as building materials, adhesives, electronic
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tool parts, insulating materials, metal materials, in-
sulation materials, textile and paper industries. The
technologies involving radiation start to be used in
a variety of different fields such as industries, nuclear
power stations, particle accelerators, and medical hos-
pitals. Thus, the radiation protection becomes impor-
tant, since radiation has hazardous effects for human
health. Although there are three ways for the radia-
tion protection, the shielding of radiation is the most
commonly used method. Many different studies on
the linear attenuation coefficient for different mate-
rials can be found in [2]. With the increasing applica-
tion of gamma radiation in industry, medicine, agri-
culture, nuclear reactors, and particle accelerators,
the shielding becomes of a paramount importance in
order to use this radiation without a risk. The proba-
bility of the interaction of gamma-rays per unit length
of a given absorber characterizes its linear attenua-
tion coefficient. However, the linear attenuation coef-
ficient depends on the physical state of a material. For
this reason, it is usually substituted by the mass at-
tenuation coefficient, which is the linear attenuation
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coefficient divided by the density. When a gamma ra-
diation beam reaches some absorber material, the at-
tenuation occurs in accordance with its chemical com-
position and the photon energy, resulting in a reduc-
tion in its intensity. A decrease in the beam intensity
results from a combination of the absorption and de-
flection of photons. Therefore, the mass attenuation
coefficient depends on the absorber nature, as well as
on the gamma-ray initial energy [3]. Polymeric com-
posites have high strength and stiffness, low weight,
and high corrosion resistance [4]. Nanocomposites on
the basis of semiconductor nanoparticles and a poly-
mer matrix are promising materials for the applica-
tion in optoelectronics, for the creation of luminescent
materials, sensor electronics, ..., etc. [5].

2. Materials and Methods

Films of the pure carboxymethyl cellulose (CMC)–
polyvinyl pyrrolidone (PVP) polymeric blend and
carboxymethyl cellulose (CMC)–polyvinyl pyrroli-
done (PVP) doped with lead oxide (PbO2) nanopar-
ticles have been prepared, by using the cast-
ing method. The polymer blend was prepared with
60 wt.% CMC and 40 wt.% PVP. The lead oxide
(PbO2) nanoparticles were added to the (CMC–PVP)
blend in different concentrations: 0, 2, 4, 6, and
8 wt.%. The optical properties of nanocomposites
were measured by using UV/1800/Shimadzu in the
wavelength interval (220–800) nm. Nanocomposites
(CMC–PVP–PbO2) aimed at the gamma radiation
shielding have been examined, by using a source of
gamma rays (Cs-137, 5𝜇Ci) to investigate the atten-
uation of gamma rays. The samples of (CMC–PVP–
PbO2) nanocomposites were arranged in front of a
collimated beam emerged from a gamma ray source
which was placed at a distance of 3 cm from the de-
tector. The sample of (CMC–PVP–PbO2) nanocom-
posite was positioned at a distance of 1 cm from
the gamma ray source. The gamma ray fluxes passed
through the nanocomposites were measured by a
Geiger–Müller counter to estimate the linear atten-
uation coefficients. The absorption coefficient (𝛼) is
defined as the ability of a nanocomposite to absorb
the light of a given wavelength [6]:

𝛼 = 2.303𝐴/𝑡, (1)

where 𝐴 is the absorbance and 𝑡 is the thickness in cm.

The non-direct transition model for amorphous
semiconductors proposed in [7] reads

𝛼ℎ𝜐 = 𝐵(ℎ𝜐 − 𝐸𝑔)
𝑟, (2)

where 𝐵 is a constant related to the properties of the
valence and conduction bands, ℎ𝜐 is the photon en-
ergy, 𝐸𝑔 is the optical energy band gap, and 𝑟 = 2 or
3 for indirect allowed and indirect forbidden transi-
tions. The refractive index 𝑛 of (CMC–PVP–PbO2)
nanocomposites can be calculated, by using the rela-
tion [8]

𝑛 = (1 +𝑅1/2)/(1−𝑅1/2). (3)

The extinction coefficient 𝑘 of nanocomposites is
given by the relation [8]

𝐾 = 𝛼𝜆/4𝜋. (4)

The real and imaginary parts of the dielectric con-
stant (𝜀1 and 𝜀2) of (CMC–PVP–PbO2) nanocom-
posites can be calculated by the relations [9]

𝜀1 = 𝑛2 − 𝑘2, (5)

𝜀2 = 2𝑛𝑘. (6)

The optical conductivity (𝜎𝑜𝑝) can be written as [9]

𝜎𝑜𝑝 =
𝛼𝑛𝑐

4𝜋
. (7)

The photon attenuation coefficients have been eval-
uated, by comparing 𝑁 and 𝑁0, which are the mea-
sured counting rates in a detector, respectively, with
and without the absorber 𝑥 cm in thickness [2]:

𝑁 = 𝑁0e
−𝜇𝑥. (8)

3. Results and Discussion

Figure 1 shows the variation of the optical absorbance
spectra of (CMC–PVP–PbO2) nanocomposites with
the photon wavelength for different concentrations of
lead oxide nanoparticles. The (CMC–PVP) blend has
the very limited UV absorbance, which is enhanced
with the addition of lead oxide (PbO2) nanoparti-
cles due to the high energy gap (Fig. 2). PbO2 par-
ticles not only absorb UV light, but also scatter vis-
ible light. The PbO2 nanoparticles at lower concen-
trations are aggregated as a clusters. When the con-
centration increases, the PbO2 nanoparticles form
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a network of paths in the (CMC–PVP) blend, as
shown in Fig. 3. It is observed that the band gap de-
creases (Fig. 4) due to the blending with PbO2 par-
ticles [10].

Figure 5 represents the extinction coefficient of
(CMC–PVP–PbO2) nanocomposites as a function of
the photon wavelength. The extinction coefficient in-
dicates the amount of absorption loss when electro-
magnetic wave propagates through a material, which
is a measure of the fraction of light lost owing to
the scattering and absorption per unit distance of
a penetration medium. The extinction coefficient is
directly related to the absorption of a material and
to the absorption coefficient. From Figure 5, the ex-
ponential decrease in the extinction coefficient with
an increase in the photon energy represents that the
fraction of light lost owing to the scattering and ab-
sorbance increases. In addition, the loss factor de-
creases, as the photon energy increases [11]. Figure 6
shows the relationship between the refractive index of
(CMC–PVP–PbO2) nanocomposites and the wave-
length. It can be observed that the refractive index
of an as-synthesized material decreases, as the pho-
ton energy increases. This reflects that the synthe-
sized polymeric samples represent the normal dis-
persion behavior. The variation in 𝑛 values with the
photon energy shows that the interaction between
a photon and electrons takes place. Thus, one can
get the desired material for fabricating the opto-
electronics devices, by estimating the photon energy,
as the internal energy of a device depends on the
photon energy. The decrease in the extinction coef-
ficient and refractive index with an increase in the
photon energy may be correlated with an increase
in the absorption coefficient and a decrease in the
transmittance [11]. The complex dielectric constant
is the basic intrinsic property of materials. The real
part of the dielectric constant represents how much
it will slow down the velocity of light in the ma-
terial, whereas, the imaginary part of the dielectric
constant indicates how a dielectric material absorbs
the energy from an electric field owing to the dipole
motion.

Figure 7 shows the real dielectric constant of
(CMC–PVP–PbO2) nanocomposites as a function
of the photon energy, while Figure 8 displays the
imaginary dielectric constant as a function of the
photon energy. Figures 7 and 8 show that the real
and imaginary parts of the dielectric constant de-

Fig. 1. Variation optical absorbance spectra of (CMC–PVP–
PbO2) nanocomposites with the photon wavelength

Fig. 2. Variation of the absorption coefficient of (CMC–PVP–
PbO2) nanocomposites with the photon energy

crease with an increase in the photon energy. The
data on the real and imaginary parts of the dielec-
tric constant provide knowledge concerning the loss
factor, which is the ratio between the imaginary and
real parts of the dielectric constant. These results
indicate that, in the synthesized material, the loss
factor increases with a decrease in the photon en-
ergy. The real part of the dielectric constant decreases
a little-bit rapidly with an increase in the photon
energy in the higher energy region but it decreases
gradually in the lower one. However, the imaginary
part of the dielectric constant decreases gradually
with an increase in the photon energy [11]. The op-
tical conductivity is one of the powerful tools for
studying the electronic states in materials. The plot
of the optical conductivity of (CMC–PVP–PbO2)
nanocomposites versus the photon energy is depicted
in Fig. 9. The spectrum indicates that the optical
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Fig. 3. Photomicrographs (×10) of (CVC–PVP–PbO2) nanocomposites: for pure one (a), 2 wt% PbO2 nanopar-
ticles (b), 4 wt.% (c), 6 wt.% (d), 8 wt.% (e)

conductivity increases with the photon energy. Due
to a decrease in the direct band gap due to the
addition of the dopant, the optical conductivity in-
creases. It is very clear from the graph that the op-
tical conductivity increases with the doping of mate-
rial [12].

Figure 10 shows the variation of (𝑁/𝑁0) for (CMC–
PVP–PbO2) nanocomposites with different concen-
trations of PbO2 nanoparticles for a source (Cs-137,
5𝜇Ci) of gamma ray. The transmitted radiation de-
creases with an increase in the concentration of PbO2

nanoparticles, which is attributed to an increase in
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Fig. 4. Variation of (𝛼ℎ𝜐)1/2 for (CMC–PVP–PbO2) nano-
composites with the photon energy

Fig. 5. Variation of the extinction coefficient for (CMC–PVP–
PbO2) nanocomposites with the wavelength

Fig. 6. Variation of the refractive index for (CMC–PVP–
PbO2) nanocomposites with the wavelength

Fig. 7. Variation of the real part of the dielectric constant for
(CMC–PVP–PbO2) nanocomposites with the wavelength

Fig. 8. Variation of the imaginary part of the dielectric con-
stant for (CMC–PVP–PbO2) nanocomposites with the wave-
length

Fig. 9. Variation of the optical conductivity for (CMC–PVP–
PbO2) nanocomposites with the wavelength
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Fig. 10. Variation of (𝑁/𝑁0) for (CMC–PVP–PbO2) nano-
composites with different concentrations of PbO2 nanoparticles
for a source (Cs-137, 5𝜇Ci)

Fig. 11. Variation of the attenuation coefficients of gamma
radiation for (CMC–PVP–PbO2) nanocomposites as a function
of the concentration of PbO2 nanoparticles

the attenuated radiation. Figure 11 shows the varia-
tion of the attenuation coefficient of gamma radiation
for (CMC–PVP–PbO2) nanocomposites as a function
of the concentration of PbO2 nanoparticles. The at-
tenuation coefficient increases with the concentration
of nanoparticles, which is due to the absorption or
reflection of gamma radiation by the nanocompos-
ite shielding material. By comparing the results with
those for concrete, we see very close results. However,
the (CMC–PVP–PbO2) nanocomposites have an ad-
vantage over concrete because of their mobility and

other electrical properties. They produce no magnetic
or electrical field influencing the human health of
users and/or patients [13, 14].

4. Conclusions

The optical absorbance of the (CMC–PVP) blend in-
creases with the concentration of PbO2 nanoparti-
cles. The (CMC–PVP–PbO2) nanocomposites have
a high absorbance in the UV-region. The energy
band gap of the (CMC–PVP) blend decreases with
an increase of the concentration of PbO2 nanopar-
ticles. The absorption coefficient, refractive index,
extinction coefficient, real and imaginary parts of
the dielectric constant, and optical conductivity of
the (CMC–PVP) blend increase with the concentra-
tion of PbO2 nanoparticles. The (CMC–PVP–PbO2)
nanocomposites have high attenuation coefficients for
a source (Cs-137, 5𝜇Ci) of gamma radiation.
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ВИРОБНИЦТВО НОВИХ ДЕШЕВИХ
НАНОКОМПОЗИТIВ (СУМIШ БIОПОЛIМЕРIВ
I НАНОЧАСТИНОК ОКИСУ СВИНЦЮ) ДЛЯ ЗАХИСТУ
ВIД ЯДЕРНОГО ВИПРОМIНЮВАННЯ:
ЇХ СТРУКТУРНI I ОПТИЧНI ВЛАСТИВОСТI

Р е з ю м е

Дешевi полiмернi нанокомпозити, призначенi для захисту
вiд ядерного випромiнювання, володiють високолiнiйними
коефiцiєнтами поглинання, мають малу вагу i хорошi меха-
нiчнi, оптичнi та дiелектричнi властивостi. Ми виготовили
сумiш полiмерiв карбоксиметил целюлози (CMC) i полiвi-
нiл пiрролiдону (PVP) в концентрацiях: 60 ваг.% CMC i
40 ваг.% PVP. У сумiш доданi наночастинки оксиду свин-
цю в рiзних концентрацiях: 0, 2, 4, 6, та 8 ваг.%. Вивчено
структурнi i оптичнi властивостi нанокомпозитiв (CMC–
PVP–PbO2). Показано, що поглинання сумiшшю (CMC–
PVP) i оптичнi константи ростуть i ширина забороненої зо-
ни зменшується iз зростанням концентрацiї наночастинок
PbO2. Нанокомпозити (CMC–PVP–PbO2) мають високолi-
нiйнi коефiцiєнти поглинання гамма-випромiнювання.
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