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In this paper, the synthesis of novel (polyvinyl alcohol (PVA) and carbox-
ymethyl cellulose (CMC)/silicon dioxide (SiO,) and tin oxide (SnO,)) nano-
composites to apply for gamma-ray shielding with low unit cost, flexible,
lightweight, and high corrosion resistance. Scanning electron microscopy
analysis of the nanocomposites consisting of PVA-CMC-Si0,-SnO, films
reveals the presence of numerous aggregates or fragments, which exhibit
the consistent and coherent distribution on the upper surface. The optical
microscope analysis of the blend additive distribution of nanoparticles in-
dicates the uniform and homogeneous pattern. The prepared nanocompo-
sites underwent testing to evaluate their effectiveness in shielding against
gamma-rays. The experimental findings indicate that the nanocomposite
films of PVA-CMC-SiO,—SnO, exhibit significant attenuation levels for
gamma-rays.

Y 1mifi poboTi PO3TAAHYTO CHUHTE3y HOBMX HAHOKOMMIO3WUTIB (IMOJIiBiHiJIOBUIA
cuupt (IIBC) ta kap6oxcumeruanenionosa (KMI)/miokcuny Cuaimito (SiO,)
ta okcupx Cramymy (SnO,)) 3amyia B3acToCyBaHHS [ €KPaHYBaHHA Y-
OIPOMEHIiB 3 HM3BKOIO BapTiCTI0O OAWHUIII, T'HYYKICTIO, JIETKICTIO Ta BUCOKOIO
KopogiiiHoio crTilikicTio. CraHyBaJlbHa eJeKTPOHHO-MiKPOCKOIIiUHA aHaJisza
HAHOKOMIIO3UTIB, IO cKJaxamThea 3 miaiBok [IBC-KMI[-SiO,—Sn0O,, BusAB-
Jisle HaABHICTb YMCJIEHHUX arperaTtiB abo ¢dparmeHTiB, fAKi IeMOHCTPYIOTH
TIOCTiIOBHUIM i KOTepeHTHWII DOBIOJiJM Ha BepXHiil moBepxHi. AHajmisa 3a
JOTIOMOTOI0 OIITUYHOTO MiKPOCKOIIA aAWTUBHOTO POBIOAiTY HAHOYACTUHOK Y
cyMiIri BKasye Ha PiBHOMIpHY ¥ OZHOPigHY cTPyKTypy. lligrorosieni ma-
HOKOMIO3UTH IIPOUIIIN BUOPOOYBAHHSA IJs OMiHKMW IXHBOI e(peKTHBHOCTH B
eKpanyBaHHi Bix y-mpomeniB. ExcrepuMeHTanbHI pe3yiabTaTu CBiguaTh IIPO
Te, 110 HaHokommosuTHi niiBku IIBC-KMI[-SiO,—SnO, aeMOHCTpYIOTH
3Ha4Hi piBHi ocjabyieHHA y-IIPOMEHiB.
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carboxymethyl cellulose, structural properties, gamma-rays.

KarouoBi cioBa: HaHOKOMIIO3UTYH, HaHOUacTuHKY Si0,—Sn0,, mosiBininoBmit
CIUPT, KapOOKCUMETHUIIETI0JI03a, CTPYKTYPHI BJIaCTUBOCTi, y-IIPOMEH].
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1. INTRODUCTION

Polymeric materials are widely utilized in contemporary applications
due to their affordability, ease of production, favourable properties,
and frequently exceptional performance. It is widely acknowledged
that most polymeric materials exhibit insulating properties, render-
ing them suitable for electrical and electronic use; a relationship has
been established since antiquity. Polymeric materials have become a
fundamental component in the electrical and electronic industries
due to their advantageous characteristics, despite initially being uti-
lized as auxiliary materials [1].

A polymer blend refers to the amalgamation of two or more pol-
ymers, creating a novel material exhibiting diverse physical charac-
teristics. The utilization of heat in conjunction with thermoplastic
materials and the combination of heat and plastic materials has
been a subject of interest in various fields. The five primary classi-
fications of polymer blends are polymer-filling blends, mixtures,
and rubber-thermosetting blends. The practice of polymer blending
has garnered significant interest due to its inherent advantages in
terms of simplicity and cost-effectiveness, making it a viable ap-
proach for producing scalable polymeric materials with the potential
for widespread commercial utilization. Simply put, mixtures’ prop-
erties can be controlled based on their intended use through the ap-
propriate selection of polymer materials [2, 3].

Polymer nanocomposites (PNCs) are determined as a type of ma-
terial with unique properties. A polymer nanocomposite (PNC) is a
polymer- or copolymer-containing nanoparticles or nanofillers dis-
tributed throughout the polymer matrix. Inorganic particles are
disseminated in an organic polymer matrix in at least one dimen-
sion to improve the quality attributes of the material [4, 5]. PNCs
are modern polymers, which can be used instead of traditional filled
polymers. One of the notable enhancements observed in nanocompo-
sites is the significant improvement in their properties compared to
those of pure polymers. This improvement can be attributed to the
enhanced dispersion of fillers within the nanocomposite structure.
The enhancements include heightened tensile strength, enhanced
electrical conductivity, decreased flammability, and improved ther-
mal stability. Nanoparticles added to polymer composites also re-
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sulted in a new line of composite materials with improved and
unique properties. Platelets, fibres, and spheroids are examples of
these ones [6, 7].

Polyvinyl alcohol (PVA) is a polymer with remarkable character-
istics, including biodegradability, non-toxicity, biocompatibility,
water solubility, and non-carcinogenicity. It can form hydrogels
through either chemical or physical means [8, 9]. PVA exhibits a
sufficiently high tensile strength and demonstrates sufficient flexi-
bility. In order to enhance deformability, PVA is commonly subject-
ed to plasticization through various low molecular weight com-
pounds, predominantly characterized by polar groups [10, 11].

Carboxymethyl cellulose (CMC) is cellulose ether that gels at high
temperatures and forms excellent films. Due to its polymeric compo-
sition and substantial molecular weight, it possesses the potential to
serve as filler in biocomposite films. The incorporation of CMC can
lead to improvements in both the mechanical and barrier characteris-
tics of starch-based films. Cellulose is a linear, high molecular weight
detergent and surfactant used as a polymer antidirt agent and a safe,
reusable, and biodegradable fibre surface protection [12, 13].

Silicon oxide (SiO,) or silica is most common in nature as quartz.
It has many forms, but all forms of silica are identical in chemical
composition, but with different atomic arrangements. Silica, in all
its manifestations, exists as an odourless solid material consisting
of silicon and oxygen atoms. Silica particles can become airborne
and aggregate to form dust that lacks explosive properties [14, 15].

Tin oxide (SnO,) is a transparent conducting oxide that increasing-
ly attracts attention as a nanostructured material, primarily due to
its remarkable electrical and optical characteristics. Tin dioxide
(Sn0O,) has emerged as a highly-promising material for various appli-
cations, future optoelectronic devices, photocatalysis, and solar cells.
This phenomenon can be attributed to the significant transmittance
exhibited by the material within the visible range of the electromag-
netic spectrum, coupled with a conductivity range typically falling
between 10°-10% (Q-cm)* [16, 17]. Owing to its non-toxic nature, af-
fordability, chemical reactivity, and thermal resilience, this material
has been extensively utilised in biomedical applications and gas sens-
ing [18, 19].

Gamma-radiation is of particular significance regarding external
exposure due to its substantial penetrating capability and potential
adverse effects on human health. The cumulative exposure to ioniz-
ing radiation, such as gamma-rays, is associated with various ad-
verse health effects, including the development of cancer, DNA mu-
tations, and infertility, among others. Nevertheless, the ramifica-
tions of these exposures are contingent upon several variables, en-
compassing the specific type of radiation and its corresponding en-
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ergy, the quantity of administered dose (referred to as absorbed
dose), and the duration of exposure. The prioritization of shielding
has become imperative to safeguard individuals and equipment, ow-
ing to the escalating utilization of radioactive substances in medi-
cine and industry [20, 21].

2. EXPERIMENTAL PART

Nanoparticles of silicon dioxide (SiO,) and tin oxide (SnO,) were in-
corporated into nanocomposite films at different weight percentages
O, 2, 4, 6, and 8 wt.%), using the casting method. The procedure
entailed dissolving pure polyvinyl alcohol (PVA) and carboxymethyl
cellulose (CMC) in a ratio of 68:32 in 40 ml of distilled water for 40
minutes under constant stirring, using a magnetic stirrer at a tem-
perature of 70°C to attain a more uniform solution; this one led to
the formation of nanocomposite films consisting of PVA, CMC, sili-
con dioxide (Si0O,), and tin dioxide (SnO,). The liquid was contained
within a Petri dish. After synthesising polymer mixture nanocom-
posites, the resulting solution underwent a four-day drying period
at ambient temperature. The NCs were extracted from the Petri
dish and utilized for measurement.

The surface characteristics of the PVA-CMC-SiO,—SnO, nano-
composites were examined through the utilization of a scanning
electron microscope (Model/Mira-3 — Details/1.2 nm at 30 kV; 2.3
nm at 3 kV — Manufacturing and Country/Tescan, France) and an
Olympus type Nikon-73346 optical microscope with a magnifying
power of x10 and a camera for microscopic photography. This study
examines the gamma-ray attenuation characteristics of SiO,—SnO,
nanoparticles with different volume fractions, utilizing nanocompo-
sites for gamma-ray shielding. Prior to exposure to a collimated
beam emanating from gamma-ray sources (specifically Cs-137 with
an activity of 5 mci), specimens were situated in a designated loca-
tion. The distance between the gamma-ray source and the detector
is of 2 em. The current investigation entailed the determination of
linear attenuation coefficients using Geiger counter measurements.
The study assessed gamma-ray fluxes transmitted through nano-
composites of NCs composed of PVA-CMC-SiO,—SnO,.

The equation presented below can be used to derive the linear at-
tenuation coefficient pu based on the material thicknesses [22, 23]:

N =Ngye ™, (1)
The variable N, represents the number of radiation particles detect-

ed within a specific time interval without any absorber. Meanwhile,
the variable p denotes the attenuation coefficient of gamma-
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radiation. Lastly, the variable N signifies the number of radiation
particles detected within the same time interval but with a sample
of thickness x.

3. RESULTS AND DISCUSSIONS

3.1. Scanning Electron Microscope Measurements of PVA—CMC—
Si0,—Sn0, NCs

To examine the spatial arrangement of micro-nanofillers in the nano-
composite samples, scanning electron microscopy (SEM) images were
acquired. Figure 1 displays the scanning electron microscopy (SEM)
images of the pure and nanocomposite samples. The homogenous dis-
persion of SiO,—SnO, nanoparticles in the polymeric samples can be
observed in Figs. 1, b, c¢. The scanning electron microscopy (SEM)
images of the doped samples reveal the presence of white granules
and the random distribution of granule clusters on the surfaces of
the samples. Furthermore, upon examination of the images, it is evi-
dent that the distribution of SiO, and SnO, on the surfaces of the
samples is uniform [24-28].

Fig. 1. SEM images of PVA-CMC-SiO,—Sn0O,) NCs: (a) PVA-CMC; (b) 2
wt.% Si0,—Sn0O,; (c) 4 wt.% Si0,—Sn0,; (d) 6 wt.% Si0,—SnO0,; (e) 8 wt.%
Si0,—Sn0,.
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Moreover, it has been demonstrated that the SiO,—SnO, nano-
fillers, after modification, exhibit exceptional adhesion properties
and establish robust interfacial bonding with the polymeric matrix.
The observation of granule aggregation on the surfaces of the sam-
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ples can be attributed to the complexation between the SiO,—SnO,
nanoparticles and the polymer, particularly at higher concentra-
tions, as depicted in Figs. 1, d, e. The observed morphological alter-
ations in the PVA-CMC composite suggest interactions between the
nanofiller and polymer; this indicates that the constituent elements
of the polymeric samples in the nanocomposite exhibit compatibility
[29-33]. Figure 2 shows the grain size for PVA-CMC-SiO,—SnO,
nanocomposites calculated from SEM images.

3.2. Optical Microscope for PVA—CMC—-SiO,—Sn0, NCs

Figure 3 shows the optical images of PVA-CMC-SiO,—SnO, nano-
composites with different concentrations of Si0,—SnQO, nanoparticles
at magnification power x10. The present study involved a compara-
tive analysis between pure polymer films and PVA-CMC-SiO,—SnO,
nanocomposite films. The microscopic images exhibit a discernible
distinction among the samples as the proportions of SiO,—SnO, na-
noparticles are progressively increased, as visually depicted in im-
ages a, b, ¢, d, and e. Homogenous distribution of SiO,—SnO, nano-
particles through PVA-CMC blend was observed. Upon reaching a
concentration of 8 wt.% in polyvinyl alcohol films, SiO,—SiO, nano-

Fig. 3. Optical microscope images of PVA-CMC-SiO,—-SnO, NCs at a mag-
nification (x10): (a) PVA-CMC; (b) 2 wt.% SiO,—SnO,; (¢) 4 wt.% SiO,—
Sn0,; (d) 6 wt.% SiO0,—SnO0,; (e) 8 wt.% Si0,—SnO,.
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particles transition to form a cohesive network within the polymer
matrix [34—38].

3.3. Application of PVA—CMC—-SiO,—Sn0, NCs for Gamma-Ray
Shielding

Figure 4 illustrates the fluctuation of N/N, in the PVA-CMC blend,
when exposed to varying concentrations of SiO,—SnO, nanoparticles.
The N/N, values exhibit a decrease as the ratio of Si0O,—SnO, nano-
particles increases. This observed behaviour could be attributed to
the nanocomposite shielding materials’ absorption or reflection of
gamma-radiation [39-42]. Figure 5 shows increasing In(N/N,) of
the PVA/CMC mixture with increases of SiO,—Cr,0; NPs concentra-
tions [43].

Figure 6 illustrates the fluctuation in attenuation coefficients of
gamma-radiation for the PVA-CMC blend about the concentrations
of Si0,—Sn0O, nanoparticles. The polymer blend demonstrated a fa-
vourable capacity for radiation absorption. The attenuation coeffi-
cients rise with increasing SiO,—SnO, nanoparticles because shield-
ing materials are made of nanocomposites, which either absorb or
reflect gamma-rays [44, 45]. The attenuation coefficient of gamma-
radiation for nanocomposites has reached a value of 0.026 cm™.
Nevertheless, incorporating PVA-CMC-SiO,—SnO, nanocomposites
offer a distinct advantage due to their enhanced mobility and re-
duced electrical properties. The utilization of this technology does
not result in any discernible impact on the magnetic or electrical
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Fig. 4. Variance of N/N, for PVA/CMC mixture with different SiO,/SnO,
NPs concentrations.
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fields that may affect the health of individuals using or receiving
treatment [46, 47].

4. CONCLUSIONS

The present study involved the production of plastic nanocomposite
films utilizing the casting solution fabrication method. The films
were fabricated using nanoparticles of silicon dioxide (SiO,) and tin
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oxide (Sn0O,) in conjunction with polyvinyl alcohol (PVA) and car-
boxymethyl cellulose (CMC). The top surface of the PVA-CMC-
Si0,—Sn0,-NCs films was subjected to SEM analysis to investigate
their surface morphology. The results suggest the presence of di-
verse fragments or conglomerates that were distributed stochastic
across the surface. The optical microscope images reveal the emer-
gence of a cohesive network after the creation of silicon dioxide
(Si0,) and tin oxide (SnO,) nanoparticles in a polymer mixture, with
a weight concentration of eight percent. The concentration of SiO,—
SnO, nanoparticles directly correlates with the attenuation coeffi-
cient of gamma-radiation, as observed by the concentration of NPs.
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