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This work describes the steps to make PVA composites with varying amounts of Sb2O3 

and NiO NPs using the solution casting process. The amounts used are 2.3, 4.6 and 6.9 

wt.%. Field Emission-Scanning Electron Microscopy (FE-SEM) showed that the Sb2O3 

NPs, and NiO NPs were evenly distributed across the PVA polymer matrix. Fourier 

transform-infrared (FT-IR) study revealed that the Sb2O3 and NiO NPs embedded in the 

polymer matrix interacted with one another. FT-IR research shows that the PVA matrix-

polymer and Sb2O3/NiO NPs physically interact with one another. As the ratio of Sb2O3 

and NiO NPs in the PVA increased, the absorption coefficient, and refractive index, also 

increased. Moreover, a significant reduction of 25.83% in the allowed optical band gap 

was observed, suggesting improved electronic transition behavior. An indirect electron 

transition has occurred since the absorbance coefficient is less than 104 cm-1. Ultimately, 

the PVA/Sb2O3/NiO nanocomposites exhibit a high radiation shielding efficiency (RSE) 

of 18.84% for gamma rays, indicating its promising potential as a protective material. 

The Sb2O3/NiO combination provides an optimal compromise between environmental 

safety, mechanical flexibility, and radiation attenuation, rendering it a suitable option for 

non-toxic gamma-ray shielding. Enhancing nanoparticle loading and composite thickness 

may improve RSE, potentially exceeding that of traditional fillers. 
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1. INTRODUCTION

Nanocomposites have demonstrated considerable potential 

in many areas, such microelectronic automobiles, delivery of 

medicines, detectors, injected molded items, membranes, and 

packaging supplies, aircraft, coverings, adhesives, 

fireproofing, medical devices, goods for consumers, and many 

others [1, 2]. The polymer matrix may be modified to meet 

specific technical requirements as well as size and shape-

dependent nanotechnology attributes that can be utilized. This 

presents significant opportunities for the advancement of 

polymer-based nanotechnology. Nanocomposites are 

structures made of polymer matrix and filled with microscopic 

phases, such as particles in microfibers or nanosheets. The 

physical characteristics of these materials are greatly affected 

by the interactions between the molecules of polymers and the 

nanofillers [3, 4]. One versatile polymer that finds use in many 

different sectors is polyvinyl alcohol, or PVA. Their 

remarkable optical characteristics, low density, and high 

mechanical quality are the primary determinants of this 

phenomena. Many products and systems rely on polyvinyl 

alcohol (PVA), including fuel cells, coatings, medicine 

delivery systems, and adhesives. Hydroxy-groups on the 

surface and within PVA form strong hydrogen bonds, which 

give the substance a high melting point that is almost the same 

as its decomposition temperature. Because of this property, 

PVA is more advantageous to process from aqueous solutions 

during the melting process [5]. Its usefulness as a therapeutic 

substance is due to its compatibility with human biology [6]. 

In addition, PVA shows a distinct ability to absorb metal ions, 

such as mercury, palladium, and copper. The chemical formula 

for polyvinyl alcohol (PVA) is (C2H4O)x. The substance 

possesses a melting point of 230℃ and a density from 1.19 

into 1.31 g/cm3. When temperatures are above 200℃, this 

thermoplastic polymer begins to decompose. The presence of 

C-O-C bonds in this material influences its flexible structure.

Additionally, it may solubilize in organic solvents, engage

with water, exhibit a crystalline structure, and has self-

lubricating characteristics [7]. Nanomaterials have garnered

considerable interest over the years because of their numerous

unique and distinctive properties, including size effects,

extensive surface area, high strength, and quantum effects [8].

Antimony oxide (Sb2O3) nanoparticles, a crucial metal-

oxide composite, have garnered significant interest owing to 

their enhanced properties relative to the bulk material [9]. It 

was commonly employed as a fire retardant [10], substance for 

electrodes [11], catalytic agent [12], chemically sensitive 

materials, and semiconductor materials [13]. Other industries 

that make use of it include ceramics, magnetics, rubber, 

textiles, and aerospace. Synthesis of Sb2O3 nanoparticles has 
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been the focus of most recent efforts. Chemical techniques 

were employed [14], vacuum vaporization [15], thermal 

combustion [16], hybrid initiation, and glass heating [17], 

hydrothermal method [18], and gamma ray radiation-

oxidization [19]. 

Nickel oxide (NiO) is well-defined oxide that crystallizes in 

a cubic structure. It is a p-type semiconductor with a large 

indirect band gap (3.6-4.0) eV. The six locations for both 

nickel and oxygen atoms lead the NiO crystal lattice to mimic 

NaCl, sometimes known as the rock salt structure [20]. NiO is 

a strong antiferromagnetic semiconductor with catalytic, gas 

sensing, and electrochemical applications. Various 

applications utilize its nanoparticles due to its mechanical, 

magnetic, electrical, and optical properties. These include 

catalysts, electrochromic pictures, and fuel cell electrodes 

[21]. 

There are two types of radiation that are present in our 

environment: those that originate from radioactive chemicals 

that are found naturally on Earth and those that originate from 

cosmic radiations that arrive from space. Radiation is an 

indispensable component in a wide variety of businesses in the 

modern era, including manufacturing and radiation-based 

treatment. Radiotherapy, radiation diagnostics, and radiation 

surgery are all functions that fall under the purview of medical 

technology [22].  

However, radiation can be harmful to humans and animals, 

with larger doses resulting in tissue damage, radiation 

sickness, and cancer. As a result, radiation shielding has 

become of critical importance, where lowering the quantity of 

harmful radiation leads to minimizing the health risk [23, 24]. 

The inclusion of antimony oxide (Sb₂O₃) and nickel oxide 

(NiO) nanoparticles inside the PVA matrix markedly enhances 

the optical and gamma-ray shielding properties of the 

nanocomposite. Sb₂O₃, being a relatively high atomic number 

(Z = 51), functions as a primary attenuator of ionising radiation 

by photoelectric absorption. NiO facilitates radiation 

scattering and enhances the stability of the polymer structure. 

The dual inclusion produces a synergistic interaction: Sb₂O₃ 

enhances shielding efficacy, whereas NiO augments 

mechanical reinforcement and interfacial adhesion [25]. 

The amalgamation of Sb₂O₃ and NiO diminishes the optical 

band gap by generating localised energy levels and interfacial 

polarisation. This is evidenced by a decrease in both 

permissible and forbidden indirect band gaps, signifying 

enhanced photon absorption and altered charge transfer 

dynamics. The homogeneous distribution and robust 

interaction of nanoparticles with PVA chains enhance the 

composite's dielectric properties, rendering it more suitable for 

flexible optoelectronic devices and radiation-shielding films 

[25, 26]. 

The literature encompasses findings from previous 

investigations on Polymer nanocomposites [27]. synthesized 

graphene copper ferrite incorporated in PVA for use in 

optoelectronic devices [28]. The doping with Ag/TiO2 

enhances the electrical and dielectric properties of a PVA-PVP 

polymeric mix used in capacitor applications [29]. Enhanced 

the optical conductivity of the PVA-PVP polymeric mix by 

using Co3O4 nanoparticles [30]. His studies indicate that the 

incorporation of 2% Co3O4 into the matrix elevated its optical 

bandgap from 5.25 eV to 4.03 eV and enhanced its 

conductivity from 4.47×10−8 S.cm−1 to 3.67×10−5 S.cm−1. CuO 

nanoparticle-based polymer nanocomposites combined with a 

graphene-PVA mix exhibited significant resistance to gamma 

irradiation [31]. The ZnO doping enhanced the optical 

characteristics of a PVA-PVP polymeric mix for optical 

limiting applications [32]. The integration of rare-earth 

elements into PVA enhanced its radiation shielding 

capabilities [33]. 

This paper presents the preparation of the PVA/Sb2O3/NiO 

nanocomposite and examines its morphological, 

microstructural, optical characteristics, and their application 

for the gamma ray attenuation. 

2. MATERIALS AND METHODS

In order to assist the dissolving of the 100% (1gm) of 

polyvinyl alcohol (PVA) in 70 mL of distilled water for 30-

minute minutes at temperatures ranging from 75℃ to 80℃ 

using a magnetic stirrer. Then, PVA was combined with Sb2O3 

and NiO nanoparticles at concentrations of (97.7% PVA and 

2.3% Sb2O3/NiO), (95.4% PVA and 4.6% Sb2O3/NiO) and 

(93.1% PVA and 6.9 % Sb2O3/NiO) at temperature 75℃ using 

magnetic stirrer for 1 hours for each added until too 

homogenous with the PVA polymer to produce 

nanocomposite films. The solution was then cast into clean, 

leveled glass Petri dishes and allowed to dry at room 

temperature for 48 hours, followed by additional drying in a 

vacuum oven at 50 ℃ for 6 hours to remove residual moisture. 

The dried nanocomposite films were carefully peeled and 

stored in desiccators prior to characterization. The films 

produced exhibit a thickness of approximately 9 μm. The 

analysis of the structure at room temperature was conducted 

using FT-IR (Bruker company, model Vertex-70 

spectrometer, German origin), covering the range of (4000-

600) cm−1. Researchers utilized a FE-SEM (INSPECT S50,

originating from Japan, type FEI-Customer ownership) to

analyze the film surface morphology. The Shimadzu UV-1650

PC spectrophotometer from Phillips was utilized to investigate

the formation of nanocomposites within the wavelength from

(200) nm to (1100) nm.

3. RESULTS AND DISCUSSION

FE-SEM was used to examine the distribution of 

nanoparticles within the polymer matrix, enabling us to 

confirm the influence of (Sb2O3/NiO) NPs on the properties of 

the nanocomposite. Figure 1 shows FE-SEM photographic of 

PVA/Sb2O3/NiO nanocomposites films at (20 KX) 

magnification and a scale of 4 μm, showing the distribution of 

nanoparticles at different concentrations. Image (a) shows a 

smooth and homogeneous polymer surface, demonstrating the 

success of the preparation method. Images (b, c, and d) clearly 

highlight the dispersion of (Sb2O3/NiO) NPs within the 

polymer matrix, with an increase in grain size as the 

nanoparticle concentration increases, reflecting the 

homogeneous and efficient distribution of these particles 

within the composite material [34]. 

FT-IR spectroscopy was employed to examine the chemical 

characteristics of the newly synthesized nanocomposite of 

polyvinyl alcohol (PVA) with Sb2O3 NPs and NiO NPs across 

the frequency range of 600 to 4000 cm⁻¹, as seen in Figure 2. 

All samples exhibit a prominent absorption band at 3271 

cm⁻¹ [35], indicative of O-H stretching vibrations. This band 

is distinct and vivid in the pure PVA spectra, indicating robust 

intermolecular hydrogen bonding among PVA chains. The 

incorporation of Sb₂O₃/NiO nanoparticles (2.3 wt.%, 4.6 wt.%, 
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and 6.9 wt.%) expands and displaces the band, suggesting the 

formation of supplementary hydrogen bonds or coordination 

interactions between the hydroxyl groups of PVA and the 

surface atoms of the metal oxide. This evidently demonstrates 

interfacial contact and possible complexation. 

Symmetric stretching vibrations of the C–H bond were 

found at 2938.09 cm⁻¹. A vibrational band at 1732.03 cm⁻¹ is 

also seen, attributed to the stretching of the C=C bond. A 

distinctive absorption band at 1562.23 cm⁻¹ was discovered, 

attributable to the stretching vibrations of the amine group in 

chitosan. C-H bond bending vibrations were found at 1432.42 

cm⁻¹. The spectral peak at 1241.32 cm⁻¹ was utilized to 

evaluate the material's crystallinity, as indicated in references 

[36, 37]. The crystalline arrangement of polymer chains is the 

principal determinant of peak magnitude in spectroscopic 

investigation. Prior research indicates that a peak size 

maximum [38, 39] is ascribed to the symmetrical stretching 

pattern of carbon-carbon bonds or carbon-oxygen bonds 

within a particular segment of the polymer chain [40]. In this 

area, two hydroxyl (OH) groups are positioned next to one 

another on each side of the carbon chain plane, resulting in 

intramolecular hydrogen bonding. A frequency of 1086.42 

cm⁻¹ was employed to detect C-O bond vibrations, whereas the 

pronounced twisting of the C-O-C bond induces vibrations at 

846.01 cm⁻¹, and the mild bending vibrations of the C=C bond 

manifest at 622.19 cm⁻¹. These vibrations indicate the 

structural and mechanical connections within polymer 

molecules and enhance the comprehension of their physical 

characteristics [41]. 

The nanocomposite spectra continue to exhibit peaks 

around 2920 cm⁻¹ (C-H stretching), 1730-1650 cm⁻¹ (C=O, 

and H-O-H bending), and 1089 cm⁻¹ (C-O-C stretching), albeit 

with diminished intensity or slight changes. This indicates that 

the nanoparticles engage in chemical interactions with the 

polymer chains instead than merely physically blending them. 

The distinctive spectrum changes seen in this work indicate 

that the combination of Sb₂O₃ and NiO enhances shielding 

effectiveness while also influencing the polymer's 

microstructure and bonding environment. These interactions 

are anticipated to enhance the optical performance, 

mechanical properties, and thermal stability of the 

nanocomposite. 

The addition of trace amounts of antimony oxide 

(Sb2O3/NiO) at (2.3, 4.6, and 6.9) wt.% by weight ratios within 

the PVA polymer matrix resulted in significant changes in the 

intensity of some spectra and shifts at other locations in the 

infrared spectroscopy. The alterations signify the interaction 

between the introduced nanoparticles and the polymer matrix, 

demonstrating the existence of a relationship between the 

added substances and the polymer structure. FT-IR research 

demonstrated interactions between the PVA matrix and the 

(Sb2O3/NiO) NPs, therefore elucidating the structural impact 

of these additions on polymer characteristics. These findings 

align with prior research in this domain [42]. 

Figure 3 shows the wavelength-dependent changes in 

absorbance of the PVA/Sb₂O₃/NiO nanocomposites. The 

results show that all samples exhibit greater UV absorption 

compared to pure PVA. At a wavelength of 200 nm, high 

energy levels cause the donor electrons to transition to the 

conduction band. Electrons absorb a photon of designated 

energy to elevate their energy level. As the contribution ratios 

of (Sb₂O₃/NiO) nanoparticles escalated from (0%) to (6.9%), 

an enhancement in absorbance was noted. At extended 

wavelengths, the energy of the incoming photons is inadequate 

to engage with the atoms, permitting them to traverse without 

absorption [43, 44]. 

Figure 1. FESEM images for the (a) pure PVA, (b) 2.3 wt.% 

Sb2O3 and NiO NPs, (c) 4.6 wt.% Sb2O3 and NiO NPs and 

(d) 6.9 wt.% Sb2O3 and NiO NPs

583



Figure 2. FT-IR spectrum for the (a) Pure-PVA, (b) 2.3 wt.% 

Sb2O3 and NiO NPs, (c) 4.6 wt.% Sb2O3 and NiO NPs and 

(d) 6.9 wt.% Sb2O3 and NiO NPs

Figure 3. The absorbance of PVA/Sb2O3/NiO nanocomposite 

with wavelength 

The transmittance (T) given by the relation [45]: 

T = e−αt (1) 

where, α represents the absorption coefficient and t denotes the 

film thickness. The transmittance, (T) spectrum of 

PVA/Sb2O3/NiO nanocomposites at various wavelengths are 

depicted in Figure 4, indicating that optical transmittance 

escalates with increasing wavelength, especially at 260 nm, 

where a consistent rise in transmittance is noted. The research 

indicated that antimony oxide (Sb2O3) and nickel oxide (NiO) 

nanoparticles diminish the transmission of light through the 

material. Furthermore, increasing the concentration of these 

nanoparticles within the PVA polymer matrix enhances light 

absorption, which is reflected in a decrease in optical 

transmittance. These results are consistent with previous 

research [46]. 

Figure 4. The transmittance of the PVA/Sb2O3/NiO 

nanocomposite as a function of wavelength 

The below equation was employed to get the absorption 

coefficient [47]. 

𝛼 =  2.303
𝐴

𝑡
(2) 

A is absorption. Figure 5 illustrates the correlation between 

photon energy and the absorption coefficient (α) for 

PVA/Sb₂O₃/NiO nanocomposite films. The absorption 

coefficient progressively rises with increasing photon energy 

until it attains 4.78 eV. At this energy, the photon lacks 

sufficient energy to facilitate the passage of an electron from 

the valence band to the conduction band due to the minimal 

electron transition energy. At 4.78 eV, the absorbance 

coefficient for all samples markedly rises, signifying 

substantial alterations in the conduction band electrons. The 

reduction in the absorption coefficient signifies indirect 

electron transmission since the absorption value is below 104 

cm⁻¹, indicating indirect electron transport inside the material 

[48]. 

The connection was used to calculate the refractive index 

(n) [49].

𝑛 =
1 + √𝑅

1 − √𝑅
(3) 

where, reflectance is represented by R. Figure 6 illustrates the 

refractive index curves of PVA/Sb2O3/NiO nanocomposites 

exhibiting significant variations concerning wavelength. 

When Sb2O3 and NiO particles were added to the polymer, an 

increase in the refractive index values of the sample was 

observed. This is due to the interaction of these particles with 

oscillating electromagnetic fields, which leads to electron 

binding and an enhanced refractive index. Augmenting the 

concentration of Sb2O3 and NiO particles further elevates the 

refractive index due to the enhancement of the interaction 

between electrons and the electromagnetic field. This 

phenomenon aligns with the findings of prior investigations in 

this domain [50]. 
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Figure 5. The absorption coefficient of the PVA/Sb2O3/NiO 

nanocomposite as a function of photon energy 

 

 
 

Figure 6. The refractive index of PVA/Sb2O3/NiO 

nanocomposite with wavelength 

 

The indirect energy gap is given by [51]: 

 
(αhυ)γ =  β(hυ − Eg) (4) 

 

For a fixed β, the connections among photon energy (hυ), 

energy gap (Eg), and the permitted and prohibited indirect 

transitions (m=1/γ) may be represented by the numbers 2 and 

3. To ascertain the band gap energy (Eg), create a graph that 

links the absorption coefficient (αhν) with the photon energy 

(hν). If an indirect electron transition is permitted or 

prohibited, the variable (m) in this equation may take on the 

values of (1/2) or (1/3). The linear portions of these equations, 

when extrapolated to the hv axis, yield the optical band gap 

values displayed in Table 1. 

Figures 7 and 8 depict the indirect band gaps of pure PVA 

and the PVA/Sb2O3/NiO nanocomposites. With the increasing 

concentration of (Sb₂O₃/NiO) nanoparticles within the PVA 

matrix, a gradual decrease in the optical band gap values was 

observed. The indirect allowed band gap decreased from 4.84 

to 3.59 eV, while the indirect forbidden band gap contracted 

from 4.65 to 2.82 eV. This reduction indicates the influence of 

nanofiller incorporation in modifying the electronic structure 

of the polymer, thereby enhancing light absorption and charge 

carrier transport within the nanocomposite material. 

The results of this study are depicted in Figure 9, which 

depicts the values of Tauc plots for the permissible and 

forbidden band gaps of pure PVA as well as the PVA 

nanocomposites that comprise (Sb2O3/NiO). The presented 

data were further supported by statistical analysis, which 

included the calculation of standard deviations (SD), standard 

errors (SE), and error bars for each sample. This validated the 

reliability of the results and demonstrated that there was a 

consistent downward trend in the band gap values as the 

nanoparticle content increased. 

 

 
 

Figure 7. PVA/Sb2O3/NiO nanocomposites of (αh𝑣)1/2 versus 

(h𝑣) as a function of wavelength 

 

 
 

Figure 8. PVA/Sb2O3/NiO nanocomposites of (αh𝑣)1/3 vs. 

(h𝑣) with wavelength 

 

This result primarily arises from uniform nanoparticle 

distribution and robust interfacial interactions between the 

inorganic fillers and the polymer matrix. The incorporation of 

Sb₂O₃ and NiO NPs into the PVA matrix creates localised 

energy states within the band structure, facilitating electronic 

transitions at reduced photon energies. This results in a 

reduction of the band gap. 

In addition to this, the nanoscale dispersion of these metal 

oxides optimises the surface area and improves the 
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interactions between the nanoparticles and the polymer chains. 

Interfacial interactions, particularly those that occur at the 

molecular level, have the potential to result in the formation of 

localised charge transfer complexes or defect states, both of 

which have the ability to significantly alter the electrical 

structure of the composite. There is a common association 

between these effects and tail states in the band structure. 

These tail states facilitate optical transitions at reduced 

excitation energy, which ultimately results in a decrease in the 

reported optical band gap. 

Furthermore, Sb2O3 nanoparticles and NiO nanoparticles 

have inherent semiconducting characteristics, and the 

insertion of these elements may have an effect on the chain 

arrangement and crystallinity of the polymer. A reduction in 

the band gap is made possible as a result of this modification 

to the microstructure of the polymer. This modification 

promotes delocalised states and enhances charge transport 

channels [52, 53]. 

 

 
 

Figure 9. Analysis of indirect allowed and forbidden band 

gaps of pure PVA and PVA/Sb2O3/NiO nanocomposites 

 

 
 

Figure 10. Extinction coefficient of PVA/Sb2O3/NiO 

nanocomposite with wavelength 

 

 

The relation gives the extinction coefficient (ko) [54]: 

 

𝑘o =
𝛼𝜆

4𝜋
 (5) 

 

Table 1. PVA/Sb2O3/NiO nanocomposite permissible and 

forbidden energy gap values with wavelength 

 

Sb2O3 and NiO wt.% 
Optical Energy Gap 

Allowed Forbidden 

0.0 4.84±0.015 4.65±0.136 

2.3 4.59±0.015 4.15±0.124 

4.6 4.22±0.015 3.80±0.110 

6.9 3.59±0.015 2.82±0.084 

 

For each of the films under consideration, Figure 10 

displays the correlation between wavelength and absorption 

coefficient. The PVA/Sb2O3/NiO nanocomposites' absorption 

coefficient seems to peak at low energies, namely at 240 nm, 

and subsequently drop at 260 nm. There is a linear relationship 

between the Sb2O3/NiO nanoparticle ratio and the absorption 

coefficient beyond 260 nm. The rise in photon energy explains 

this trend. In addition, the absorption coefficient of the 

nanocomposites is positively correlated with the concentration 

of Sb2O3/NiO particles, which improves the composites' 

ability to absorb light [55]. 

The dielectric constant has two parts: real (ε1) and 

imaginary (ε2) [56]: 

 

𝜀1 =  𝑛2 −  𝑘2 (6) 

 

𝜀2 = 2𝑛𝑘 (7) 

 

Figures 11 and 12 depict the fluctuations in the real (ε1) and 

imaginary (ε2) dielectric constants of PVA/Sb2O3/NiO 

nanocomposites, respectively. Pure-PVA has elevated real and 

imaginary dielectric constant values at shorter wavelengths, 

which diminish as the wavelength rises. Conversely, energy 

levels significantly decrease when wavelength diminishes due 

to the increase in both the real and imaginary dielectric 

constants of nanocomposite films. The refractive index is more 

significant in calculating the effective dielectric constant than 

the absorption coefficient, as the latter is considerably lower, 

particularly when squared, than the refractive index [57]. 

The optical conductivity (σop.) is definite by [58]: 

 

𝜎𝑜𝑝. = 𝛼𝑛𝑐/4𝜋 (8) 

 

where, c represents the velocity of light. Figure 13 displays the 

optical conductivity of the PVA/Sb2O3/NiO nanocomposites. 

The optical conductivity of the PVA polymer shows a high 

increase at short wavelengths and a decrease at long 

wavelengths. This behavior can be explained by the increased 

absorption coefficient at these wavelengths. It was also 

observed that the concentration of (Sb₂O₃/NiO) nanoparticles 

is directly related to the increase in optical conductivity as a 

result of the higher absorption coefficients associated with the 

higher concentration of these particles. This indicates that 

increasing the nanoparticle concentration enhances 

phototransistor charge transport within the composite, thereby 

increasing its optical conductivity [59]. 
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Figure 11. The real dielectric constant of the 

PVA/Sb2O3/NiO mixture is given by the wavelength 

 

 
 

Figure 12. Imaginary dielectric constant of PVA/Sb2O3/NiO 

nanocomposite as a function of wavelength 

 

 
 

Figure 13. The real dielectric constant of the 

PVA/Sb2O3/NiO mixture is given by the wavelength 

 

The following equation, which is related to the thickness of 

the absorbing material, can be used to calculate the linear 

attenuation coefficient (μ) [60]: 

 

N/N₀ = 𝑒−𝜇𝑡 (9) 

 

In this context, N₀ denotes the count of radiation particles 

detected during a designated time frame without any absorber, 

whereas N signifies the count of particles identified in the 

same time frame after traversing a material of thickness 𝑡. The 

value 𝜇 represents the linear attenuation coefficient of gamma 

radiation. Figure 14 depicts the influence of nanoparticles on 

the gamma ray attenuation graph, demonstrating the variation 

in the (N/N0) ratio with varying quantities of Sb2O3/NiO 

particles incorporated into the PVA polymer matrix. The 

reduction in radiation transmission with higher concentrations 

of Sb2O3/NiO particles is attributed to the material's enhanced 

capacity to absorb and attenuate radiation, resulting in less 

intensity of radiation passing through the sample [61]. Figure 

15 shows how the gamma radiation attenuation coefficients 

are affected by the concentration ratio of (Sb2O3/NiO) NPs. 

The attenuation coefficients increase as the quantity of 

nanoparticles rises. This is because the shielding materials 

included inside the nanoparticles enhance the effectiveness of 

the shielding by absorbing or reflecting gamma radiation. The 

elevated atomic numbers of both Sb2O3 and NiO lead to the 

maximum attenuation coefficient values seen in polymer 

nanocomposites containing these particles. Consequently, 

augmenting the Sb2O3/NiO level in the nanocomposite 

markedly improves its radiation shielding efficacy [62]. In 

comparison to other frequently utilised fillers, including 

bismuth oxide (Bi₂O₃), tungsten oxide (WO₃), and lead oxide 

(PbO), which generally exhibit RSE values between 

approximately 12% and 25% based on filler concentration and 

incident radiation energy, the Sb₂O₃/NiO system emerges as a 

viable alternative. Despite lead oxide's exceptional attenuation 

properties attributed to its elevated atomic number and density, 

its toxicity restricts its extensive use. Although lead is the most 

efficient material for gamma-ray attenuation, it presents 

considerable environmental and health hazards and is 

inflexible. The PVA/Sb₂O₃/NiO nanocomposite provides a 

non-toxic, lightweight, and flexible option, rendering it 

suitable for wearable and low-to-moderate shielding 

applications. Through ongoing enhancement of nanoparticle 

incorporation and thickness, these nanocomposites could 

significantly contribute to advanced radiation protection 

technologies [63].  

PVA/SbO₃/NiO nanocomposites exhibit significant 

radiation shielding potential and environmental advantages; 

nonetheless, some limitations may hinder their extensive 

practical implementation. The environmental stability of the 

composite is a primary concern. Polyvinyl alcohol (PVA), a 

hydrophilic polymer, is very vulnerable to humidity and 

moisture, which may lead to a decline in the material's 

performance and structural integrity over time. This limits its 

use in high-humidity or outdoor environments without further 

surface treatment or encapsulation. Furthermore, the 

incorporation of NiO and Sb₂O₃ nanoparticles enhances the 

composite's shielding effectiveness; nevertheless, it may 

compromise mechanical strength and flexibility at elevated 

filler concentrations, leading to brittleness or suboptimal film-

forming properties. 

Moreover, as agglomeration can diminish the material's 

overall effectiveness and consistency, achieving uniform 
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dispersion of nanoparticles inside the polymer matrix remains 

a significant challenge. A further concern from a production 

perspective is scalability. When stringent regulation of 

nanoparticle dispersion and loading is required, solution 

casting and laboratory-scale synthesis techniques are typically 

not directly suitable for industrial-scale production. Moreover, 

unless specifically designed for mass manufacturing, the costs 

associated with high-purity nanofillers and processing 

machinery may limit economic viability. Consequently, 

despite the appeal of PVA/SbO₃/NiO composites as 

alternatives to conventional materials, their effective and 

sustained application in radiation shielding technologies 

hinges on addressing these challenges via composite 

manufacturing methods, protective coatings, and advanced 

formulations. 

 

 
 

Figure 14. Variation of (N/N0) for (PVA/Sb2O3/NiO) 

nanostructures 

 

 
 

Figure 15. Variation of attenuation coefficients of gamma 

radiation for (PVA/Sb2O3/NiO) nanostructures 

 

 

4. CONCLUSIONS 

 

In this research, a highly effective method for fabricating 

nanocomposites composed of polyvinyl alcohol (PVA) with 

antimony (Sb2O3) and nickel (NiO) oxides using a casting 

technique is demonstrated. High-resolution scanning electron 

microscopy (FE-SEM) analyses revealed a homogeneous 

distribution of antimony and nickel oxide particles within the 

polymer matrix. (FT-IR) spectroscopy studies also revealed 

interactions between the various oxide particles and the 

polymer matrix, indicating physical bonding between the 

components. As the percentage of (Sb2O3/NiO) oxides in the 

polymer increased, the absorption and extinction coefficients 

increased, along with the refractive index and the real and 

effective band gaps. Conversely, the transmittance and indirect 

band gap decreased, indicating the occurrence of indirect 

electron transfer. The indirect allowed and forbidden energy 

gap decreased of 5.17% and 10.75% compared with pure PVA 

when added 2.3% for Sb2O3/NiO NPs, respectively. Finally, 

PVA/Sb2O3/NiO nanocomposites showed high attenuation 

capacity when exposed to gamma rays. The PVA/Sb2O3/NiO 

nanocomposite exhibited a significant gamma-ray shielding 

efficiency (RSE) of 18.84%, exceeding that of numerous 

traditional single-oxide polymer fillers at similar loadings. The 

results demonstrate a synergistic interaction between Sb₂O₃ 

and NiO nanoparticles, which collectively improve optical and 

shielding performance while maintaining the lightweight and 

flexible characteristics of the polymer matrix. Consequently, 

the PVA/Sb₂O₃/NiO nanocomposites represent a viable 

multifunctional material platform for radiation shielding 

applications, particularly in wearable protective gear and 

medical settings. Flexible optoelectronic devices necessitate 

tunable optical band gaps and enhanced dielectric properties, 

as well as low-toxicity alternatives to lead-based shielding 

materials, in order to satisfy environmental and safety 

requirements. 
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