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This study investigates the synthesis of new nanocomposites (NCs) com-
prising polyvinyl alcohol (PVA) and carboxymethyl cellulose (CMC) with 
silicon dioxide (SiO2) and chromium trioxide (Cr2O3) for the use in gamma-
rays’-shielding applications. The nanocomposites exhibit desirable proper-
ties such as low weight, elasticity, high attenuation coefficients, and cost-
effectiveness for gamma-rays’ shielding. The structural properties of 
PVA–CMC–SiO2–Cr2O3 nanocomposites are studied. The scanning electron 
microscopy reveals that the top surface of the PVA–CMC/SiO2–Cr2O3 NCs 
films exhibits uniform and cohesive aggregates or fragments distributed 
randomly, when the weight percentage reaches 8%. The uniform distribu-
tion of nanoparticles (NPs) in the blend is evidenced by the optical micro-
scope images and leads to a continuous network within the polymer ma-
trix. The study results regarding the utilization of gamma-rays’ shielding 
demonstrate that the nanocomposites composed of PVA–CMC/SiO2–Cr2O3 
display significant attenuation coefficients for gamma rays. 

У цьому дослідженні досліджується синтеза нових нанокомпозитів 
(НК), що складаються з полівінілового спирту (ПВА) та карбоксимети-
лцелюлози (КМЦ) з діоксидом Силіцію (SiO2) та триоксидом Хрому 
(Cr2O3) для використання в екрануванні гамма-променів. Нанокомпози-
ти демонструють такі бажані властивості, як мала вага, пружність, ви-
сокі коефіцієнти загасання й економічність для екранування гамма-
променів. Досліджено структурні властивості нанокомпозитів ПВА–
КМЦ–SiO2–Cr2O3. Сканувальна електронна мікроскопія показує, що 
верхня поверхня плівок ПВА–КМЦ/SiO2–Cr2O3 НК демонструє однорід-
ні та зв’язані аґреґати або фраґменти, розподілені випадковим чином, 
коли ваговий відсоток досягає 8%. Рівномірний розподіл наночастинок 
(НЧ) у суміші підтверджується зображеннями в оптичному мікроскопі 
та приводить до безперервної мережі всередині полімерної матриці. Ре-
зультати дослідження щодо використання екранування гамма-променів 
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демонструють, що нанокомпозити, які складаються з ПВА–КМЦ/SiO2–
Cr2O3, демонструють значні коефіцієнти загасання гамма-променів. 

Key words: nanocomposites, SiO2–Cr2O3 nanoparticles, polyvinyl alcohol, 
carboxymethyl cellulose, structural properties, gamma-rays’ shielding. 

Ключові слова: нанокомпозити, наночастинки SiO2–Cr2O3, полівініло-
вий спирт, карбоксиметилцелюлоза, структурні властивості, екрану-
вання гамма-променів. 

(Received 30 June, 2023) 
  

1. INTRODUCTION 

Nanotechnology is a nascent scientific discipline that emerged from 
the observation that materials exhibit markedly distinct character-
istics at the nanoscale in contrast to their properties at larger par-
ticle sizes [1]. Nanotechnologies are considered crucial technologies 
of the current century, and significant research endeavours are be-
ing undertaken in this domain. There is a possibility that additional 
applications will be accessible shortly. Nanotechnology exhibits sig-
nificant potential across multiple domains due to the distinctive 
physical, chemical, and biological properties of structural features 
at the nanoscale compared to their macroscopic counterparts [2, 3]. 
The field of nanomaterials research adopts a materials science-
oriented methodology in the realm of nanotechnology. One nanome-
ter (nm) is one billionth of a meter. Nanomaterials are materials 
with a characteristic unit size ranging from 1 to 100 nanometers. 
The distinctive characteristics of these materials are frequently at-
tributed to their dimensions, morphology, and chemical constitution 
[4]. Two primary factors contribute to nanomaterials’ distinct prop-
erties compared to other materials. The augmentation of the rela-
tive surface area and the manifestation of quantum effects are be-
ing considered [5]. Nanocomposites are composite materials contain-
ing at least one nanometric scale component (10

9 m) [6]. 
 Nanocomposites (NCs) are composed of polymers, both natural 
and synthetic and nanomaterials. The term ‘nanomaterials’ refers to 
materials, which possess topography at the nanoscale or are con-
structed of nanosize building components. Nanocomposites’ funda-
mental concept involves establishing a substantial interface between 
the polymer matrix and the nanosize constituent units. Nanocompo-
sites’ mechanical, electrical, thermal, optical, electrochemical, and 
catalytic properties are expected to exhibit significant differences 
from those of their constituent materials [7, 8]. Polyvinyl alcohol 
(PVA) is a water-soluble synthetic polymer. Its low toxicity and ex-
ceptional properties characterize it as a wound dressing and biore-
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actor material. PVA is characterized by its semi-crystalline nature, 
attributed to the coexistence of amorphous and crystalline regions. 
This unique feature results in interfacial effects that enhance the 
materials’ physical properties [9, 10]. 
 Polyvinyl alcohol exhibits distinctive characteristics, including 
biodegradability, environmental sustainability, good chemical stabil-
ity, elongation, tensile strength, elevated abrasion resistance, good 
charge storage capacity, flexibility, facile film process ability, 
thermal stability, and economical manufacturing expenses [11, 12]. 
The substance undergoes rapid decomposition when exposed to ele-
vated temperatures. Various additives, including polymers, salts, 
nanocomposites, and ions, are commonly incorporated into polyvinyl 
alcohol (PVA) to enhance and alter its characteristics [13]. PVA ex-
hibits inadequate electrical insulation properties, but can acquire 
conductivity upon doping with certain inorganic fillers [14]. 
 Carboxymethyl cellulose (CMC) is a significant polymer in vari-
ous industrial sectors such as drag reduction, detergents, drugs, 
paper, and oil well drilling operations, textiles, and foods. The di-
verse characteristics of carboxymethyl cellulose are contingent upon 
three key factors: the distribution of carboxyl substituents along 
the polymer chains, the average carboxyl content per hydro glucose 
unit, and the molecular weight of the polymer [15]. The anionic 
polymer CMC is derived from natural cellulose through chemical 
modification and is characterized by its biodegradability, biocom-
patibility, and natural origin [16]. The particles of silicon dioxide 
(SiO2) exhibit solid plasticizing properties that have the potential to 
improve both chemical and mechanical characteristics [17]. 
 Silicon dioxide (SiO2) is an amorphous, nontoxic material with 
many potential applications. Nanofillers composed of fumed silicon 
dioxide (SiO2) are utilized in electronics and thermoplastic polymers 
[18]. SiO2 nanoparticles are utilized as additives in electronic pack-
aging and thermoplastic polymers [19]. Chromium oxide (Cr2O3) is 
classified as a p-type metal oxide semiconductor with a hexagonal 
crystal structure. It possesses remarkable properties, including ex-
ceptional decay resistance, the ability to conduct electricity, and a 
high melting point. These valuable properties have enabled its ap-
plication in various practical biomedical contexts. The utilization of 
Cr2O3 nanoparticles as a highly effective catalyst in chemical reac-
tions has been observed [20]. The radiation phenomenon is charac-
terized by the transfer of energy from a source through space, 
which can penetrate various materials [21]. Synthetic polymers have 
the potential to be utilized in the production of innovative materials 
that can serve as radiation shielding. Moreover, the supplementary 
benefits of low industrial cost, durability, and high chemical and 
thermal stability are among the favoured characteristics and quali-
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ties of enhanced shielding [22]. The present study endeavours to 
fabricate a nanosystem comprising PVA, CMC, SiO2, and Cr2O3 for 
radiation attenuation. 

2. EXPERIMENTAL PART 

Silicon dioxide (SiO2)–chromium trioxide (Cr2O3) nanoparticles 
(NPs) were used in various weight percentages in the films of nano-
composites (0, 2, 4, 6, and 8 wt.%), which were created using the 
casting process. 
 The process involved dissolving pure PVA and CMC (68/32) in 40 
ml of distilled water for 40 minutes while stirring with a magnetic 
stirrer at 70C to achieve a more homogeneous solution; this result-
ed in the creation of PVA–CMC–SiO2–Cr2O3 nanocomposite films. 
The fluid was confined within a Petri dish. The resultant solution 
was subjected to a four-day drying period at ambient temperature 
after synthesizing polymer mixture nanocomposites. 
 To measure, NCs were removed from the petri dish and used. The 
surface morphology of the PVA–CMC–SiO2–Cr2O3 nanocomposites 

was observed using a scanning electron microscope (Model/Mira-3; 
Details/1.2 nm at 30 kV; 2.3 nm at 3 kV; Manufacturing and Coun-
try/Tescan, France) and an Olympus type Nikon-73346 optical mi-
croscope with a magnifying power of 10 and a camera for micro-
scopic photography was utilized. 
 The present study investigates the gamma ray attenuation prop-
erties of SiO2–Cr2O3 nanoparticles with varying volume fractions, 
utilizing nanocomposites for gamma ray shielding. Samples were 
positioned before a collimated beam from gamma-ray sources (Cs-
137.5 mci). The separation between the gamma ray and the detector 
is 2 cm. The present study involved the determination of linear at-
tenuation coefficients through the utilization of Geiger counter 
measurements. The measurements were conducted on transmitted 
gamma ray fluxes that passed through nanocomposites composed of 
PVA–CMC–SiO2–Cr2O3 NCs. 
 The equation presented below can be utilized to calculate the linear 

attenuation coefficients () based on the material thicknesses [23]: 

 NN0e
x, (1) 

where the number of radiation particles, denoted as N0, detected 
over a specified time interval in the absence of an absorber, and the 
attenuation coefficient of gamma radiation, represented by . Addi-
tionally, the study examines the number of particles, denoted as N, 
detected over the same time interval when a sample of thickness x 
is introduced. 
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3. RESULTS AND DISCUSSIONS 

3.1. Scanning Electron Microscope (SEM) Measurements of PVA–
CMC/SiO2–Cr2O3 NCs 

Scanning electron microscopy (SEM) images give a good impression of 

the size and morphology of PVA–CMC/SiO2–Cr2O3 nanocomposites in 

Fig. 1. The findings indicate that the polymer image (a) exhibits soft-

  
                             а                                        b 

  
                             c                                        d 

 
e 

Fig. 1. SEM images of PVA–CMC/SiO2–Cr2O3 NCs: (a) PVA–CMC; (b) 2 wt.% 

SiO2–Cr2O3; (c) 4 wt.% SiO2–Cr2O3; (d) 6 wt.% SiO2–Cr2O3; (e) 8 wt.% SiO2–Cr2O3. 
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ness, uniformity, and coherence [21]. The alterations in the surface 

morphology of PVA–CMC/SiO2–Cr2O3 nanocomposites are observed to 

be correlated with the incorporation of SiO2 and Cr2O3 nanoparticles, as 

depicted in Figs. 1, b, c, d and e. The photographic evidence indicates 

that the size of granule particles is increasing with the augmentation 
of the SiO2 and Cr2O3 nanoparticles’ content. 

  
                           a                                               b 

  
                           c                                                d 
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Fig. 2. Grain size for PVA–CMC/SiO2–Cr2O3 NCs: (a) PVA–CMC; (b) 2 wt.% 

SiO2–Cr2O3; (c) 4 wt.% SiO2–Cr2O3; (d) 6 wt.% SiO2–Cr2O3; (e) 8 wt.% SiO2–Cr2O3. 
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 The surface morphology of the nanocomposites composed of PVA, 
CMC, SiO2, and Cr2O3 displays numerous dispersed lumps or pieces on the 

top surface. The image depicts how the amount of silicon dioxide (SiO2) 
and chromium trioxide (Cr2O3) nanoparticles on the surface increases as 

their concentration rises [24–27]. Figure 2 shows the grain size for 

PVA–CMC/SiO2–Cr2O3 nanocomposites calculate from SEM images. 

3.2. Optical Microscope for PVA–CMC–SiO2–Cr2O3 NCs 

Figure 3 displays magnified images of PVA–CMC–SiO2–Cr2O3) 

  
                             а                                         b 
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Fig. 3. Optical microscope images of PVA–CMC/SiO2–Cr2O3 NCs at a mag-
nification (10): (a) PVA–CMC; (b) 2 wt.% SiO2–Cr2O3; (c) 4 wt.% SiO2–
Cr2O3; (d) 6 wt.% SiO2–Cr2O3; (e) 8 wt.% SiO2–Cr2O3. 
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nanocomposite films at different concentrations. The nanocompo-
sites exhibited distinguishable characteristics between the SiO2–
Cr2O3 nanoparticles and the PVA/CMC blend. Upon incorporating 
SiO2–Cr2O3 nanoparticles into the polymeric blend, they exhibit a 
uniform dispersion throughout the blend and a high degree of prox-
imity. Upon reaching a concentration of 8 wt.%, the SiO2–Cr2O3 
particles transition to form a cohesive network. Nanoparticles are 
linked within polymers, specifically in polyvinyl alcohol (PVA) and 
carboxymethyl cellulose (CMC), in the context of films. The net-
work depicted in Figs. 3, a, b, c, d, and e facilitates the movement 
of charge carriers, resulting in a modification of the material char-
acteristics [28–30]. 

3.3. Application of PVA–CMC/SiO2–Cr2O3 NCs for Gamma-Rays’ 
Shielding 

Figure 4 illustrates the oscillations of (N/N0) in PVA–CMC compo-
sites with different concentrations of SiO2–Cr2O3 nanoparticles. The 
attenuation of radiation increases due to the rise in concentrations 
of SiO2–Cr2O3 nanoparticles, leading to a decrease in transmission 
radiation [31–33]. Figure 5 shows increasing ln(N/N0) of PVA/CMC 
mixture with increases of SiO2–Cr2O3 NPs concentrations [34]. 
 The graphical representation in Fig. 6 depicts the fluctuation in 
attenuation coefficients of gamma radiation concerning the concen-
trations of SiO2–Cr2O3 nanoparticles in a PVA–CMC blend. The esca-
lation observed in attenuation coefficients with increasing nanopar-

 

Fig. 4. Variance of (N/N0) for PVA/CMC mixture with different concen-
trations of SiO2/Cr2O3 NPs. 
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ticle concentrations can be attributed to the absorption or reflection 
of gamma radiation by the nanocomposite shielding materials, as 
documented in Refs. [35–39]. 
 Upon comparison, the outcomes of polymer nanocomposites and 
concrete, as depicted in figure below, exhibited a high degree of 
similarity. The composite polymer exhibited superior properties to 
concrete owing to its enhanced mobility, absence of electrical con-

 

Fig. 5. Change of ln(N/N0) for PVA/CMC blend with different concentra-
tions of SiO2/Cr2O3 nanoparticles 

 

Fig. 6. Variance of attenuation coefficients of gamma radiation for 
PVA/CMC blends with different concentrations of SiO2/Cr2O3 nanoparti-
cles. 
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ductivity, and potential to impede the escape of neutrons [40–43]. 

4. CONCLUSIONS 

The present study involved the production of plastic nanocomposite 
films utilizing the casting solution fabrication method. The films 
were comprised of silicon dioxide (SiO2), chromium trioxide (Cr2O3) 
nanoparticles, polyvinyl alcohol (PVA), and carboxymethyl cellulose 
(CMC). The top surface of the PVA–CMC/SiO2–Cr2O3 NCs films was 
analysed using SEM to depict its surface morphology. The results 
revealed the presence of diverse fragments or aggregates that were 
randomly dispersed across the surface. When silicon dioxide (SiO2) 
and chromium trioxide (Cr2O3) nanoparticles are formed in a poly-
mer mixture at a concentration of eight percent by weight, images 
taken using an optical microscope (OM) reveal that they form a con-
tinuous network. Finally, as concentration NPs increases, the at-
tenuation coefficient rises for gamma radiation with an increase in 
the concentration of SiO2–Cr2O3 nanoparticles. 
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