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Abstract 
Polymer matrix-based nanocomposites reinforced with appropriate nanoparticles have the potential to 
exhibit improved electrical, optical and mechanical properties, as well as improved UV-shielding 
capabilities. These materials are currently being utilised for various commercial applications, such as 
window shields and automotive components. We prepared reduced graphene oxide (rGO)-incorporated 
polyvinyl alcohol (PVA) polymer nanocomposites employing a solution casting method. XRD and SEM 
results confirmed that the rGO nanosheets were dispersed well in the PVA polymer matrix. The 
presence of rGO in PVA matrices leads to a decrease in the glass transition temperature (Tg) to 87.9 ° 
C from 101 ° C for pure PVA, where the melting point increases from 200 to 228 ° C. The 0.9 wt.% 
rGO-reinforced PVA nanocomposites exhibited an increase in DC conductivity of 1.1x10-8 S/cm at room 
temperature. The activation energy for PVA incorporated with 0.9 wt.% rGO was 0.096 eV instead of 
0.105 eV for PVA. UV-visible spectroscopy investigations were conducted within the wavelength 
interval between 190 and 1100 nm, during which the absorption edge, the direct band gap, the indirect 
bandgap, and the Urbach energy were calculated. The UV-Vis absorbance of the composite films 
exhibits an upward trend as the concentration of nanofillers increases. This outcome holds potential 
for the utilisation of films as ultraviolet filters. The nanocomposite of PVA-rGO, comprising 0.9 wt.% 
of rGO nanofiller, exhibited a reduction in the direct band gap from 6.15 eV to 5.0 eV. Similarly, the 
indirect bandgap also experienced a decrease from 4.72 eV to 3.86 eV. Furthermore, the Urbach energy 
displayed an increase from 0.402 eV to 0.460 eV for a concentration of 0.9 wt% rGO. The UV shielding 
ability (% blocking of UV radiation) of the PVA-rGO nanocomposite films monotonically increased 
from 45.6% for pure PVA to 83.3% for the 0.9 wt.% rGO-incorporated PVA-rGO nanocomposite films. 
The findings of this study indicate that the utilisation of PVA-rGO nanocomposite materials has the 
potential to offer significant benefits in various areas such as UV protection, photo detection, adjustable 
bandgap devices, optical devices controlled by refractive index, and advanced flexible optoelectronic 
devices. 
 
Keywords: Solution casting, PVA-rGO nanocomposites, XRD, SEM, thermal studies, DC 

Conductivity and Optical Properties. 
 
 
INTRODUCTION 

EMI shielding materials play a crucial role in 
modern technology as they help protect electronic 
devices from electromagnetic interference (EMI) 
[1,2]. EMI refers to interference caused by 
electromagnetic fields generated by various 
electronic devices, communication systems and 
power lines. This interference can negatively affect 
the performance and reliability of electronic 
devices. To combat this issue, EMI shielding 
materials are used to create barriers that absorb or 
reflect electromagnetic waves, preventing them 
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from interfering with sensitive electronic components [3,4]. These materials are designed to attenuate 
or block electromagnetic waves across a wide range of frequencies. There is a growing demand for 
superior quality EMI shielding materials due to the increasing use of electronic devices and the 
subsequent rise in electromagnetic radiation. Traditional shielding materials, such as copper and 
aluminium, have been widely used in the past [5,6]. However, with advances in technology and the 
need for more efficient shielding, unconventional materials have gained prominence. Ceramic, 
polymeric and carbon matrix composites are examples of unconventional EMI shielding materials that 
are being explored. These materials offer advantages such as flexibility, corrosion resistance and good 
electrical conductivity. Carbon nanostructures have gained attention due to their unique properties. 
However, the synthesis of carbon nanostructures can be complex and expensive, and they may exhibit 
poor electromagnetic absorption characteristics. In order to overcome these limitations, researchers 
have investigated the combination of carbon nanostructures with polymers. The addition of carbon 
nanostructures can enhance the electromagnetic absorption characteristics of the materials, making 
them more efficient for EMI shielding applications. Several factors influence the efficiency of EMI 
shielding materials. The dispersion of conductive polymers, electrical conductivity, dielectric 
characteristics and shape of the composite are all important considerations. Optimising these factors 
can lead to improved shielding effectiveness and performance [7]. 

 
Therefore, the fortification of appropriate nanoparticles in polymer matrix-based nanocomposites can 

provide enhanced mechanical, electrical and optical properties as well as superior UV-shielding ability. 
These categories of materials have been artificially produced for a variety of commercial applications, 
including, but not limited to, the automotive industry and the manufacturing of window shields. 
Currently, the introduction of nanomaterials has significantly improved the overall performance of 
polymers due to their increased surface area, smaller nanoscale dimensions, quantum confinement 
effects and robust interfacial interactions [8]. It is important to note that these materials play a vital role 
in both industrial and academic contexts [9,10]. In this context, poly(vinyl alcohol) (PVA) has emerged 
as a synthetic biodegradable polymer possesses a multitude of desirable properties, including non-
toxicity, lack of odour, thermal stability, transparency and the ability to exist in a semicrystalline state 
[11]. The semicrystalline nature of PVA is attributed to the presence of hydrogen bonding between its 
individual polymer chains [12]. PVA serves as an exemplary polymer for film formation as a result of 
its water solubility, biocompatibility and favourable physical properties. Additionally, this polymer 
exhibits chemical stability [13]. In the realm of biomedical applications, PVA composites, including 
PVA gels, find utility in various domains, such as the production of contact lenses, artificial heart 
surgery, drug delivery systems and wound dressings [14]. The introduction of an appropriate nanofiller 
into a polymer, for instance, PVA, can induce interactions with its amorphous or crystalline 
components, thereby modifying its inherent characteristics. Moreover, PVA demonstrates exceptional 
optical transparency and serves as a dielectric material, rendering it environmentally friendly and 
suitable for numerous applications. 

 
Furthermore, reduced graphene oxide (rGO) has a direct bandgap in the range of 1.0-1.69 eV, a strong 

breakdown field, excellent thermal stability, and favourable environmental characteristics. It is also 
quite inexpensive. Therefore, it is useful in a wide range of industrial, scientific and medical 
applications. In this study, the solution casting method was used to create rGO nanosheets incorporated 
PVA matrix nanocomposites at various weight compositions, such as PVA + x wt.% of rGO, where x 
= 0, 0.3, 0.6, and 0.9. The most notable amount of nanofiller was 0.9 wt.%. A higher concentration of 
filler loading results in further nanosheet agglomeration, which disrupts the shape of the composite 
surface and other attributes [15]. This method offers a practical way to create multifunctional 
composites that absorb microwaves. 
 

MATERIALS AND METHODS 

Fabrication of PVA-RGO Nanocomposites 

The preparation of PVA-rGO nanocomposite films was carried out using the solution casting method, 

which involved the use of AR grade polyvinyl alcohol (PVA) [99%, SD Fine Chem Ltd.] and reduced 

graphene oxide (rGO) [with a sheet thickness ranging from approximately 0.8 to 2 nm and dimensions 
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of about 5-10 μm; Ad-nano Technologies] as constituents of polymer matrix-based nanocomposites. A 

detailed depiction of the procedure employed for fabricating the PVA-rGO nanocomposite films can be 

observed in Fig. 1. In order to ensure accuracy and precision, the stoichiometric ratios of the precursors 

were meticulously measured, employing a delicate balance for this purpose. The initial step involved 

the dissolution of 5g of PVA in 80 ml of double-distilled water, followed by a thorough stir for a 

duration of 9 hours, resulting in the formation of a homogenous thick gel. Subsequently, a quarter of 

this gel was transferred to a Petri dish and subjected to the drying process, yielding a pure PVA film. 

Simultaneously, the remaining three-quarters of the gel was added with 0.3 wt.% rGO nanosheets, 

which were already dispersed in 20 ml of double distilled water. This mixture was stirred at 600 rpm 

for a period of 24 hours, ensuring a good dispersion without any agglomeration. To further enhance the 

homogeneity of the amalgamated PVA gel, it was subjected to ultrasonic treatment, using probe 

sonication at a power of 360 W for a duration of 15 minutes. Following this step, the gel mixture was 

poured into a Petri dish and left to dry in a laboratory fume hood (IGene Labserve) under a dust-free 

environment at ambient temperature, thereby facilitating the production of the desired nanocomposite 

films. This entire process was repeated for different weight percentages, namely 0.6 wt.% and 0.9 wt.% 

of rGO, resulting in the formation of a series of PVA-rGO nanocomposite films. Subsequently, these 

dried films were carefully removed from the Petri dishes, stored in a vacuum desiccator to prevent any 

kind of contamination, and subsequently used for further characterisation. 

 
Characterisation Techniques 

The structural properties of the PVA-rGO nanocomposite thin films were analysed using the 
SHIMADZU XRD-7000 X-ray diffractometer with Cu(Kα) at a wavelength of 1.5406 Å. In order to  
investigate surface morphology, the FEI Quanta-250 SEM device, coupled with an energy-dispersive 
X-ray detector at 10 kV, was used. Thermal analysis of the PVA-rGO nanocomposites was conducted 
using the SHIMADZU DSC-60 plus thermal analysis machine. DSC studies were conducted with a 
heating rate of 10 °C/min in the temperature range of 20 °C to 400 °C. To measure DC electrical 
conductivity, a 4-probe DC electrical conductivity system with a heating chuck was employed. To 
ensure accurate measurements, a high-conductivity silver coating was carefully applied to establish 
ohmic contact.  Lastly, the absorption data was obtained using the SHIMADZU UV–1800 series UV 
Vis spectrometer, which operates in the range of 190-1100 nm. 
 

 
Figure 1. Procedure for the preparation of PVA-RGO nanocomposite films. 
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Figure 2. Stirring machine for the preparation of PVA-RGO nanocomposite films.& Images of the 
Prepared PVA-RGO Composite Films. 
 
RESULTS AND DISCUSSIONS 
X-Ray Diffraction Analysis 

The present study utilised X-rays to study the impact of rGO dispersion on the crystal structure of 
both pure PVA and PVA-rGO nanocomposite films. The pure PVA diffraction pattern exhibited a 
singular, prominent and intense peak at  θ~1 .5°  which was accompanied by a corresponding lattice 
spacing between planes (d) of 0.46 nm. This peak can be ascribed to the (101) planes of semicrystalline 
PVA. After the introduction of rGO nanosheets into the PVA polymer matrix, the diffraction peaks 
shifted to 19.58°, 19.51° and 19.51°for the resultant nanocomposite films. The XRD pattern of the 
composite films shows a small, sharp peak of rGO at  θ~ 6.6° [16]. Pure PVA and composite films 
had significant low intensity peaks at  θ 41°. The positions of the peaks exhibit a remarkable degree 
of similarity in all the nanocomposite films that were prepared, indicating a consistent and homogeneous 
distribution of rGO nanosheets within the PVA matrix [17]. 

 
The PVA matrix does not change structurally when rGO nanosheets were added [18]. This 

phenomenon can be attributed to the considerable amount of hydroxyl (-OH) groups present on the 
backbone of PVA [19]. The intermolecular interaction of the PVA chains is reduced because of the 
interference among the rGO and PVA chains. The amorphousness of PVA slightly increases as rGO is 
added. The diffractograms indicate that the intensity and size of the peak increase proportionally with 
increasing rGO concentration [18]. In Fig. 3, the XRD peaks in the nanocomposite films become 
broader with increasing filler content. This could be because the rGO nanosheets modify the amorphous 
PVA phase [20,21]. The successful preparation of PVA-rGO nanocomposite films is evidenced by the 
presence of rGO nanosheets, that reinforce an altered amorphous structure in the films. 
 
Scanning Electron Microscopy (SEM) Studies 

Surface morphology studies 

Figure. 4 depicts the SEM micrographs depicting the PVA-rGO composites and pristine PVA films. 

These films exhibit a smooth and analogous morphology with variable roughness levels. The surface 

morphology of PVA is neat and smooth. In its amorphous state, PVA is submicroscopic [22]. In Figure. 

4 (b to d), rGO nanosheets were present at 0.3, 0.6 and 0.9 wt% in the PVA polymer matrix. 

 

SEM revealed that the rGO sheets exhibited a uniform distribution throughout the PVA polymer. It 

offers composites more flexibility and strength than pure PVA [23]. The upper surface of these films 

had a few small white dots with no visible cracks. The surface morphology revealed that the rGO sheets 

agglomerated and were incorporated into the nanocomposite films. The rGO sheets tend to agglomerate 

and emerge as microsheets. Agglomeration increases as the rGO content increases. The rGO nanosheets 

is homogenous and uniform within the PVA polymer matrix. On observation, it was observed that the 

physical manifestations of the samples underwent a noticeable transformation from transparent, 

indicative of pure polyvinyl alcohol, to translucent, reflective of composite materials. These findings 

indicate that rGO is a suitable nanomaterial for dispersing and diffusing other nanometre sized materials 

[24]. 
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Figure 3. XRD fingerprints of the PVA-RGO nanocomposite films. 

 

 
 

 
 

 
 

 
 

Figure 4. Morphology fingerprints of (a) pristine PVA (b)PVA-0.3 wt.% RGO (c) PVA-0.6 wt.% RGO 

(d) PVA-0.9 wt.% RGO nanocomposite films. 
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Differential Scanning Calorimetry (DSC) Studies 

The thermal properties of the PVA and PVA-rGO nanocomposite films were examined using DSC 

analysis and are shown in Fig. 5. The samples were heated at a rate of 10 °C/min. The existence of 

endothermic peaks in all the curves specifies the glass transition of the samples. Table 1 lists the 

recorded values of the observed Tg, Tm and Td. The composites have lower Tg and higher Tm values than 

those of the pure PVA sample. The Tg values of the PVA-RGO nanocomposites exhibit a small decrease 

with increasing RGO content [16]. However, it is crucial to note that the increased possibility of 

nanosheet agglomeration causes a variation in all of the degradation characteristic temperatures for 

higher rGO wt.% nanocomposites. This is because, during agglomeration, the nanostructure of the RGO 

nanosheets is converted to a microstructure, causing the thermal stability of the nanocomposites to be 

altered [17]. Therefore, dispersed nanosheets have fewer impacts in protecting macromolecular chains 

from heat than dispersed nanosheets at lower concentrations. 

 

Figure. 5 shows a monotonic trend, indicating that the Tg of PVA-rGO nanocomposites shows a 

notable trend of decreasing with increasing wt% rGO in composite films [18]. The degree of freedom 

of the polymer chain is affected by many factors. Two primary elements compete with each other in 

most cases involving nanocomposites. The first element entails the utilisation of a polymer film on the 

exterior of the nanoscale particles, thereby increasing the number of available states and the randomness 

of the nanocomposite systems. This phenomenon subsequently leads to a reduction in the Tg value. 

Second, the incorporation of organic nanomaterials within the polymer matrix leads to a decreased 

density of the configuration states of macromolecules [16]. This makes it possible for the disorientation 

entropy to increase, leading to a decrease in Tg. Nevertheless, it is important to note that nanosheet 

agglomeration, microsheet formation, and film uniformity may vary between samples. 

 

Figure 5 also shows the existence of endothermic peaks at 323-326 °C in all samples, which are clear 

indications of the decomposition of the PVA-rGO nanocomposite films. Additionally, minor 

endothermic peaks caused by water vapour were identified at low temperatures near 100 °C [16]. The 

previous studies mentioned almost identical results for the other nanocomposites characterised by 

extremely low loadings [19]. The inclusion of only 0.9 wt% rGO nanosheets in PVA increased the 

melting point to 222.8 0C from 2000 0C for pure PVA, as shown in Table 1. 

 

Table 1. Glass transition (Tg), melting point (Tm), and decomposition (Td).Temperatures of the PVA-

rGO composite films. 

S.no Sample Glass transition 

temperature.Tg (o C) 

Melting pointTm 

(oC) 

Decomposition 

tempTd (oC) 

1 Pure PVA 101.7 200 323 

2 PVA-0.3 wt. % rGO 98.8 208.6 324 

3 PVA-0.6 wt. % rGO 93.77 221.6 325.8 

3 PVA-0.9 wt. % rGO 87.97 222.8 326.2 

 

DC Electrical Conductivity Studies 

Current-voltage (I-V) characteristics 

The two-point probe (TPP) method was used to study the I-V characteristics of virgin PVA and PVA-

rGO nanocomposite films [25]. The voltage range was ±10 V with a step of 0.5 V. In the present study, 

we used a narrow voltage range chosen to estimate conductivity [26]. In the voltage range of ±10 V, the 

PVA and composite films demonstrated non-linear electrical behaviour, as shown in Figure. 6. A 

common current flow pattern is observed in typical PVA composites, which have substantially lower 

conductivities. Moreover, the composite films produced a non-linear response when the rGO 

concentration increased, as shown in Figure. 6. The I-V characteristics of PVA and the composite films 

indicate that these materials are non-ohmic due to polarons and bipolarons [27]. These characteristics 

indicate that the composite films exhibit behaviours that are different from those of PVA, but the current 

level is more significant in the composites than in PVA. 
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Figure 5. DSC Thermograms of the PVA-rGO nanocomposites. 
 
DC electrical conductivity and activation energy 

The DC conductivity of all samples was evaluated by detecting the high resistance of the sample and 
using the sample dimensions computed from equation 1 [27]. 

σ  (t/R )  cm-1  (1) 

The thickness of the film is represented by t (cm), its area is A (cm2), and the resistance of the film 
is R (ohm). 
 

Figure. 7 displays the variation in the DC conductivity of the PVA and PVA-rGO nanocomposites 
with temperature. The DC conductivity increases with the temperature and nanofiller concentration 
(wt.%). The conductivity increases exponentially in the temperature range of 320-380 K, where in the 
polarons have enough energy to hop between many localised states. Materials lacking a distinct 
crystalline structure exhibit a conductivity behaviour that is unique to their composition. The 
enumerated conductivity values for all samples can be found in Table 2. Determination of the activation 
energy for each sample was conducted using DC conductivity measurements with variations in sample 
temperature, for which the experimental data were fitted with Equation 2. 

σ (T)   σ 0 exp (-ΔE/k ) (2) 

where σ0 i  a con tant  ΔE i  the activation energy  k i  the Boltzmann con tant in e /k  and   denote  

the Kelvin temperature [28]. 
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Figure 6. I-V characteristics of the PVA-rGO nanocomposite films. 
 

Using the least-squares approach, we have been able to determine the activation energy by plotting a 
graph log(σ) vs. 1000/T, as depicted in Figure. 8. By analysing the experimental data, a linear regression 
was performed to determine the activation energy of PVA and the composite film. The results showed 
that the activation energy is more pronounced at lower temperatures compared to higher temperatures. 
This suggests that the interaction between rGO and PVA is stronger at lower temperatures. Furthermore, 
it was observed that the activation energy decreases as the nanofiller content increases. Therefore, it 
can be concluded that the nanofiller participates in the conduction mechanism above the glass transition 
temperature. PVA-rGO nanocomposites dominate the charge transport mechanism at lower 
temperatures than pristine PVA [29]. 

 
Table 2. The DC Electrical Conductivity and Activation Energies of PVA-rGO nanocomposites. 

Sample DC Conductivity (S cm 1) Activation energy(eV) 

PVA 1.506 x 10-12 0.10459 

PVA-0.3 wt.% rGO 4.736x 10-11 0.10458 

PVA-0.6 wt.% rGO 2.507 x 10-10 0.0978 

PVA-0.9 wt% rGO 1.1018 x 10-8 0.0956 

 
UV-Vis Spectroscopy - Study of Optical Properties 
Optical absorption 

Figure. 9 shows UV-vis absorption spectra of PVA-rGO nanocomposite films that were fortified with 
rGO. The pure PVA film absorbed most of the light below 250 nm in the UV range due to its (CH=CH)2-
C   keleton  π-π* tran ition  and n-π* transition [30,31]. The band gap of PVA is responsible for the 
sharp decrease in absorption in the 242–266 nm region. Pure PVA films showed low absorption at 
visible light wavelengths, while nanocomposite films showed strong absorption between visible light 
and UV light [31]. 
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Figure 7. DC electrical conductivity of the PVA-rGO nanocomposite films. 

 

 
Figure 8. Determination of the activation energy at different temperatures log(σ) vs. 1000/T for PVA-

rGO nanocomposites. 
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Figure 9. Changes in the absorbance of PVA-rGO nanocomposites with wavelength. 

 

The nanocomposite films have a higher absorption of light at higher wavelengths. The absorption 

edge of the nanocomposite films increased from 216 nm for pure PVA to 219-226 nm. In addition, a 

small peak in absorbance at around 330 nm was observed in the nanocomposite film spectra, indicating 

the presence of C=O bonds in the rGO. The absorption edge of the nanocomposite films shifts to longer 

wavelengths as the amount of rGO increases. This shift in the absorption edge can be attributed to 

hydrogen bonding between the hydroxyl functional groups of PVA and rGO. Figure.10 shows that 

increasing the weight percentage of rGO nanosheets leads to a shift in the optical absorption edge to 

lower energies. According to related research, absorption enhancement is connected to the charge-

transfer transition [33]. The results indicate that nanocomposites can absorb a wide variety of radiation, 

making them an ideal choice for UV protection. Therefore, these nanocomposite films are highly 

recommended as good UV filters. 

 

Determination of the absorption edge 

The absorption edge is commonly regarded as the optical energy gap that is minimal in each material. 

Lambert–Beer's law was used to determine the absorption coefficient (α) of composite films with a 

given thickness (t) and optical absorbance (A) through the application of experimental optical 

absorption data through equation 3 [34]. 

α  . 0 ( /t) (3) 

 

Figure. 9 shows the absorbance data for thin films of PVA-x by wt.% rGO, where x represents the 

weight percentage of rGO (0, 0.3, 0.6, and 0.9). These spectra show a clear absorption edge around 192 

nm and absorption become insignificant above 400 nm. With an increase in the weight percentage of 

rGO, the absorbance in the UV-vis spectra increases, and the absorption edge gradually shifts to longer 

wavelengths. The distinct absorption band of PVA, attributed to the π→π* electronic transition at 216 

nm is evident [35, 36]. Figure. 10 demonstrates that the PVA-rGO nanocomposites exhibit well-defined 

absorption, with a narrow band at 335 nm, and there is no change in their position as the weight 

percentage of rGO increases. 
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Figure 10. Absorption coefficient vs. energy plots for the PVA-rGO composites. 

 

Direct and indirect bandgap energies 

The determination of the optical bandgap of a material is dependent on multiple factors, including 

but not limited by electromagnetic forces, anisotropy, temperature, and pressure. In order to determine 

the optical bandgap, Tauc's equation (Equation 4) was used in conjunction with the UV-visible spectrum 

absorbance data [37]. 

(αhυ)n = k (hυ-Eg)  (4) 

 

where the parameter k is independent of the energy, Eg indicates the bandgap and ‘n’ denotes the type 

of transition. ‘n’ can take on one of two values: n =1/2 for an indirect allowed band gap transition and 

n =2 for a direct allowed optical transition. A plot of (αhυ)1/2 versus photon energy (Eg) was generated, 

leading to the determination of the indirect bandgap. This is illustrated in Fig. 11. By extrapolating the 

linear part of the curve, we draw a line where α 0. The point where the curve intercepts the x-axis is 

the indirect bandgap of the film samples. The graph shows that as the rGO concentration increased, the 

Eg values decreased. By incorporating only 0.9 wt% rGO into PVA, the direct band gap was reduced to 

5.06 eV (0.9 wt.% rGO) from 6.15 eV for pristine PVA. Previous studies revealed that the band gap of 

these compounds moves toward lower energies with increasing nanofiller concentration [37]. The direct 

bandgap was evaluated using the utilisation of the (αhυ)2 vs. hν plot, as represented in Fig.12. The direct 

bandgap was established by extending the linear segment of the plot to (αhυ)2=0. The results showed 

that by dispersing 0.9 wt.% rGO filler, the direct bandgap energy decreased to 3.86 eV from 4.72 eV. 

The direct bandgap for PVA is more significant than that for all of the nanocomposites and it decreases 

with increasing rGO by weight. This indicates that extra energy levels produce localised states in the 

optical bandgap. 

 

It is also observed that by incorporating only 0.3 wt.% rGO into PVA, the direct and indirect bandgaps 

are displaced to lower values. The observed decrease in the bandgap energy is a result of the intricate 

interplay among the polymer matrix and the nanofiller. As a result of these interactions, changes in the 

electronic structure and crystallinity of PVA were observed. The interaction between rGO and the 

hydroxyl groups present in the PVA polymer gave rise to the creation of aggregates. This formation had 
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an impact on the energy levels of PVA [37]. Incorporation of rGO into the polymer matrix produces 

additional localised defect states in the optical bandgap, which effectively affect the edges of the valence 

and conduction bands. This phenomenon may be another cause of band gap reduction in composite 

films. 

 

 
Figure 11. Plot of (αhv)1/2 vs hv for PVA-rGO nanocomposite films. 

 

 
Figure 12. (αhv)2 vs. hv plot for the PVA-rGO nanocomposite films. 

Energy (e )

ah
v
)
1
/ 
(e
 
cm

 1
)1

/ 

 ure    

    0.   t. r  

    0.6  t. r  

    0.  t. r  

 0

60

50

40

 0

 0

10

0

1.0 1.5  .0  .5  .0  .5 4.0 4.5 5.0 5.5 6.0 6.5

( 
 
 
) 
(e
 
 c
m

 1
) 

Energy (e )

 ure    

    0.   t. r  

    0.6  t. r  

    0.   t. r  

 .0 10 

1.5 10 

1.0 10 

5.0 106

0.0

 .5 4.0 4.5 5.0 5.5 6.0 6.5



 

Journal of Polymer & Composites 

Volume 12, Special Issue 6 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2024. All Rights Reserved S131  
 

Urbach energy and its significance 
To check the presence of disorder in the composite films, the Urbach energy Eu was evaluated by 

plotting the natural logarithm of the absorption coefficient (ln()) against the photon energy (hv), as 
presented in Figure. 13. The determination of the Urbach energy relies on this plot. The observed data 
show linear behaviour in the vicinity of the fundamental absorption edge, indicating that the PVA-rGO 

compounds follow the Urbach empirical relation 𝛼 = 𝛼𝑜𝑒(ℎ𝑣 𝐸𝑢⁄ ) [38]. As the concentration of rGO 
increases, the Eu values also increase. Table 3 lists the values of the absorption edge, the direct bandgap 
(Egd), the indirect bandgap (Egi) and the Urbach energy (Eu) for the PVA-rGO nanocomposites. The 
Urbach energy reflects the degree of disorder in amorphous semiconductors and is linked to the width 
of the localised state tails. An increase in Urbach energy suggests a higher presence of confined states 
in PVA chains [39]. 

 
UV shielding studies of PVA-RGO nanocomposites 
  ‒vi i le   ectro co y revealed that the      olymer a  or   radiation  etween  00 and 400 nm  

revealing that pure PVA can block up to 80.0% of UV radiation. Furthermore, pure PVA has a wide 
range of bandgap energies, from ~5.06 to 6.15 eV, which is extremely high and corresponds to energies 
in the UV band (220 to 245 nm). Therefore, PVA films block the passage of UV radiation and protect 
against UV radiation [40]. Furthermore, the UV absorption of the polymer must be enhanced. Therefore, 
the UV protection of PVA matrices can be improved by dispersing rGO, resulting in improved UV 
protection. Figure. 14 shows the wavelength versus percent transmittance curves for various PVA-rGO 
composite films that cover wavelengths of UV-C (200-280 nm), UV-B (280 nm-320 nm) and UV-A 
(320 nm-400 nm) wavelengths and in the visible range of electromagnetic radiation. As recommended 
 y   ‒vi i le   ectro co y  the  ure     film will completely  lock   ‒C radiation [41].   -A and 
UV-B radiation is harmful to human skin and cause skin cancer [41]. Figure. 14 shows that pure PVA 
has close to zero transmittance up to 215 nm, that is, it completely blocks UV-C radiation. However, 
above 260 nm, the UV transmission increased to 80.0% at 400 nm. However, a 0.9 wt.% rGO nanofiller 
by weight significantly reduces the transmittance in the UV range (UV-A and UV-B) from 80.0% to 
25.2% and affects the transparency. The high nanophase concentration in these composites increases 
aggregation within the matrix and reduces the visible transmittance. A sizable extent of UV blocking is 
noted from 260 to 400 nm with increasing concentrations of rGO. 

 

 
Figure 13. Urbach energy of the PVA-RGO nanocomposites. 
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Table 3. Absorption edge, direct bandgap, indirect bandgap and Urbach energy values of PVA-rGO 
nanocomposites. 

No. Composite Absorption edge (nm) Direct band 
gap(Egd) (eV) 

Indirect band 
gap(Egi) (eV) 

Urbach energy 
(Eu) (eV) 

1 Pure PVA 216 6.15 4.72 0.402 

2 PVA-0.3 wt.% rGO 219 5.97 4.54 0.44 

3 PVA-0.6 wt.% rGO 223 5.90 3.98 0.446 

4 PVA-0.9 wt% rGO 226 5.0 3.86 0.460 

 
 

 

 
Figure 14. Transmittance vs. wavelength for the PVA-rGO composite films in the UVregion. 
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An increase in UV blocking is achieved because of the presence of rGO in this range. On the other 

hand, the visible transmittance decreases with increasing rGO content, and a significant loss of 

transparency occurs in the composite films. This was attributed to scattering and aggregation at a higher 

wt.% of the filler [42]. This reduction in transmittance also observed with the help of digital images of 

the PVA-rGO nanocomposite films with a naked eye, as shown in Figure.2. Therefore, PVA-rGO 

composite films block UV-A and UV-B radiation more effectively than pure PVA films. The percentage 

of UV radiation blockage was calculated from transmittance data using equations 5, 6 and 7 in different 

regions [43]. 

 

The percentage of UV-A blocking (320-400 nm) was calculated using Equation 5. 

UV − A blocking (%) = 100 − 
∫ 𝑇(𝜆)𝑑𝜆

400

320

∫ 𝑑𝜆
400

320

 (%) (5) 

 

The percentage of UV-B blocking (280-320 nm) was calculated by Equation 6. 

UV − B blocking (%) = 100 − 
∫ 𝑇(𝜆)𝑑𝜆

320

280

∫ 𝑑𝜆
320

280

 (%) (6) 

 

The percentage of UV-C blocking (200-280 nm) was calculated by Equation 7. 

UV − C blocking (%) = 100 − 
∫ 𝑇(𝜆)𝑑𝜆

280

200

∫ 𝑑𝜆
280

200

 (%)  (7) 

 

Table 4 shows detailed UV protection data in the range of 200 to 400 nm for three UV ranges and 

transparency value of the films. The results confirmed that, compared to those of the PVA films, strong 

UV-A and UV-B shielding was observed for all the PVA-rGO composites. PVA, with 0.9 wt.% rGO, 

provides up to 37.7% better UV shielding than PVA and is very impressive. On the other hand, visible 

light transmission is also necessary in some practical applications, such as protection screens for 

windows. Therefore, these materials are not suitable for real world applications where transparency is 

necessary in addition to UV protection. Compared with those of PVA, composites containing 0.6 wt.% 

reinforcement exhibited a 29.8% improvement in UV shielding. PVA nanocomposite films with 0.6 

wt.% rGO nanosheets block ultraviolet wavelengths slightly less than 0.9 wt.%. However, they have 

more transparency compared to 0.9 wt.% rGO dispersed nanocomposite films. Therefore, the composite 

films containing 0.6 wt.% rGO are suitable for UV shielding applications wherein transparency also 

important because of its good visible light transparency value (2.26) and high UV shielding ability (up 

to 75.4%) (200-400 nm) compared to those of other composites. 

 

The transparency value was calculated using Equation 8 to determine the transparency of the sample. 

Transparency value = log (T600/d) (8) 

 

The transmittance (%) at 600 nm and the thickness of the film are indicated by T600 and ‘d’  

respectively [43]. The decrease in transparency of polymer-based composites may be ascribed to factors 

such as moulding of the polymer, size of the reinforcement nanofiller, aggregation of nanosheets, and 

light scattering by the particles. Nano and microscopic air pockets are deposited in the matrix during 

synthesis and cause light to scatter in different directions. Therefore, great care should be taken during 

the synthesis process to minimise the number of air pockets. Another reason for the scattering could be 

nanosheet aggregation owing to the large surface area and surface-to-volume ratio of the nanosheets. 

Aggregates act like larger particles, blocking and scattering light that passes through them, thereby 

reducing transmission [42]. Therefore, aggregation of rGO is expected to result in strong scattering and 

loss of transparency. Increased blocking of the UV-A and UV-B radiation ranges may indicate better 
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dispersion of nanosheets within the matrix at low concentrations. The apparent transparency almost 

disappears as the concentration increases, that is, at 0.9 wt.% rGO. This is due to the combined effects 

[41] of a larger particle size; particle agglomeration and decrease in light transmission with increasing 

rGO wt.%. 

 

Table 4. UV-Shielding Parameters of PVA-rGO Composite Films. 

% of UV-blocking 

Sample UV UV-A UVB UV-C Transparency value 

PVA 45.6 26.3 29.0 82.1 3.93 

PVA-0.3 wt.% rGO 55.5 39.2 40.9 86.5 2.91 

PVA-0.6 wt.% rGO 75.4 68.3 68.2 89.9 2.26 

PVA-0.9 wt% rGO 83.3 74.9 75.6 99.4 2.15 

 

CONCLUSIONS 

The XRD patterns reveal a small decrease in PVA crystallinity because of rGO dispersion at the 

molecular level within the composites. SEM surface morphology studies showed that the rGO 

nanosheets were distributed uniformly at lower weights, while agglomeration of the rGO nanosheets 

was observed at higher weights. However, the distribution of rGO nanosheets is still uniform at higher 

concentrations. The addition of rGO to the PVA matrix decreased the glass transition temperature. A 

decrease in Tg and an increase in Tm indicate that the specific heat of the nanocomposite films increased 

in the amorphous state. The I-V characteristic curves of PVA and composite films deviate from the 

ohmic nature in the voltage range of ±10 V, i.e., they follow a non-ohmic relationship. DC conductivity 

(σdc) increases in a monotonic manner as the rGO content increases. The DC conductivity increases 

with temperature and nanofiller wt.%. The conductivity increases exponentially in the temperature 

range 320-380 K, where the polarons have enough energy to hop between many advantageous localised 

states. The activation energies are more significant at lower temperatures than at higher temperatures. 

Thus, the interaction between rGO and PVA becomes more pronounced at lower temperatures. UV-

visible absorption spectroscopy revealed the characteristic peak of rGO in the spectrum of the PVA-

rGO nanocomposites, with a slight blueshift with increasing concentration of rGO. Compared to those 

of the composite films, the absorption coefficient increases, whereas the direct and indirect bandgaps 

of PVA decrease as the rGO concentration increases. This demonstrates that localised states are 

generated in the optical bandgap because of the presence of extra energy levels. Solar cell production, 

optoelectronics, and other applications involving high frequencies would greatly benefit from using 

materials with these bandgap values. The findings of this study suggest that the incorporation of rGO 

nanofiller reinforcement improves UV protection without compromising transparency. 
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