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Abstract
Objective: To prepare Poly vinyl alcohol (PVA) nanocomposites with novel
GO-ZnO hybrid Nano filler and test its efficacy and applications. Methods:
GO-ZnO hybrid nanocomposite filler was synthesized by modified hummer’s
method. Polymer nanocomposite films were prepared by solution casting
method. Synthesis of GO-ZnO hybrid procedure is explained in detail. ZnO
with average size of 26.74 nm were equally anchored on the GO surface. The
properties of the PVA film and the PVA/Graphene Oxide/Zinc oxide composite
film were analyzed by electrical, thermo mechanical & spectroscopic analysis.
Findings: The results showed that the incorporation of graphene oxide and
zinc oxide into the PVA matrix resulted in enhanced mechanical properties
and thermal stability of PVA composite films. The tensile strength increases
from 3.84 MPa of neat PVA to 10.48 MPa of PVA-0.05% GO-ZnO and Young’s
modulus increases from 104.407 to 106.765 MPa. The elongation behavior
of the Polymer is increased by the addition of Nano filler and it varies from
15.94 Mpa of pure PVA polymer film to 239.52 MPa of 1% loading -GO-ZnO
hybrid filler. Such an enormous improvement in the mechanical properties at
such low stacking of GO-ZnO can be credited to a property of GO-ZnO hybrid
nano-filler. DC conductivity studies were also under taken on the samples and
the conductivity was found to be 2.895×10-6 S·cm−1 for 5% loading of nano
particle while pure PVA is observed as 9.952×10-8.

Keywords: GOZnO; Hybrid; filler; nanocomposite; PVA; Electrical Conductivity

1 Introduction
Polymer-nanocomposites played a significant role in the field of polymer nanotechnol-
ogy for different innovative/modern applications.The properties of polymer nanocom-
posites display totally unexpected nature in comparison to the polymeric matrix. This
is because of the excellent capacities of the nano-sized fillers and the expanded surface
area at the interface.The nanoparticles properties, for example, molecule size, molecule
size circulation, scattering state, geometric shape and surface properties are the other
notable components, which adjust the material properties of the nanocomposites. (1,2)
Depending upon the chemical nature of the fusing nano-particles and the manner by
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which they collaboratewith the polymermatrix, the physical properties of polymer nanocomposites differs at various degrees. (3)
The exceptional properties of polymer nanocomposites emerge from association of its phases at the interfaces. Graphene based
materials have attracted tremendous amount of interest in many areas of science and technology due to the excellent properties
of graphene (4–11), as determined by the theoretical and experimental results, individual graphene sheets exhibit extremely
high value of Young’s modulus (~1000 Gpa), fracture strength (~125 Gpa) (12), elastic modulus (~0.25 Tpa). (13) The structure
of Graphene Oxide is often assumed to be a graphene sheet bonded to oxygen in the form of carbonyl, hydroxyl and epoxy
groups (14).

To confine Graphene Oxide (GO) from agglomerating and restacking, functionalization of GO has been performed. The
three fundamental classes of GO functionalization will be by organic sources, functionalization of macromolecules, and
functionalization by nanoparticles (Nps) (12) .Zinc oxide (ZnO) is a multifunctional material, because of its remarkable physical
and chemical properties, including chemical stability, no toxicity, and cost efficiency (13,14). Apart from its capacity as an UV-
blocking agent (15), the antibacterial and antifungal properties of ZnO make it valuable for surface covering, materials, and
plastics applications (16). When combined with different NPs, for example, titanium oxide and alumina, ZnO can undoubtedly
scatter because of its steady surface (17). An easy course was created to frame graphene oxide–zinc oxide nanohybrids (GO/ZnO)
and blending the special structure and properties of GO sheets with the promising properties of ZnO Nano particles will
undoubtedly present a novel and practical change in the polymer matrix (18).

Poly (vinyl Alcohol) (PVA) is a transparent hydrophilic polymer that has been generally utilized in industry for quite a
while (19–22). PVA is known to have solid oxygen barrier properties because of the solid hydrogen bonding of the hydroxyl
(OH) groups in PVA, just as better rigidity, elongation, and abrasion resistance than general engineered materials.PVA as of
now utilized in different fields, for example, fibers, films, adhesives, surface treatment chemicals, and coating materials (23–25).
Because of the hydrophilicity of PVA, its mechanical properties and electrical properties change significantly relying upon
the outer humidity and its solubility, thickness (26–28). PVA is a water-soluble polymer broadly explored as a host for various
types of Nano fillers (20–25,29). These observations recommend that the presentation of Nanosized particles into PVA do modify
its properties and works as excellent biopolymer. Diversification in nano filler classes with multifunctionalities, increased
structural complexity, uniform dispersions, in-depth understanding of interfacial interactions, and better control over synthesis
steps with controlled morphologies are all possible issues in the production of PVA nanocomposites in the near future. These
issues necessitate the improvement of experimental methods, the enhancement of a systemic method, and the acquisition of
advanced specific information. As a result, substantial progress in promoting significant innovation in industry and small
medium enterprises could be possible. It is hoped that the researchers would be able to resolve the problems, and that PVA
nanocomposites will have a bright future.

In this study, PVA films were prepared using GO/ZnO hybrid nano filler by a solution casting method. The hybrid Nano
filler with nano size was introduced by wet chemical synthesis route by using 20.74 nm ZnO nanoparticle in our lab and the
properties were explored (18). The nano size of GO-ZnO is calculated by using scherrer’s formula and found as 50.94 nm (18).
The thermal properties, morphology, optical study, and electrical conductivity of PVA containing the hybrid Nano fillers were
investigated.

2 Materials and Methods

2.1 Materials

Poly vinyl alcohol (PVA) (MW=1, 25,000), AR grade fromMerck India Ltd, India, GO-ZnOHybrid nano fillers are synthesized
in and the detailed procedure is explained in the experimental procedure and Distilled water is used for all experiments in the
lab

2.2 Synthesis of GO/ZnO hybrid

The GO/ZnO hybrid nanocomposite was synthesized by simple wet chemical method. In this method, Graphene oxide was
dispersed in ethanol (2:1 wt/ vol ratio) and the solution mixture was sonicated for 1 hr at room temperature. Afterward
ZnC4H6O4.2H2O (0.880g) was dissolved in to the mixer. The pH of the solution was adjusted to 10 by adding 1M NaOH
solution and stirred for 30 min. the mixture was refluxed at 140◦c under inert atmosphere for 24 hrs. The prepared hybrid
nanocomposites were centrifuged and washed with ethanol and distilled water for several times. Product was dried under
vacuum oven for 6 hours to get fine powder of GO/ZnO hybrid nanocomposites
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2.3 Preparation of composite films

The solution casting systemwas utilized for the manufacture of PVA/GO-ZnO polymer nanocomposite films. 4% PVA solution
was prepared by dissolving PVA in double distilled water (4 wt %) at 70–80◦ C. After that to the uniform solution of PVA,
GO-ZnO nanoparticles were added at various proportions of 1, 3 and 5 wt %. The mixture was kept for blending around 24
h. Ultra sonicator was utilized with 10 Hz for 15-30 min to homogenize the mixture. The homogeneous solution was poured
in polypropylene dishes and kept in hot air oven at 65-70◦C for 24 hours for the formation of thin film. A fine nanocomposite
polymer film was observed. The film was kept in desiccators for preservation for further studies.

2.4 Structural characterization

The X-Ray Diffractometer (XRD) for the PVA and composite film structure of the PVA/GO-ZnO nanocomposite was done in
a Bruker diffractometer (model 8600 USA) with Cu Ka radiation (k = 0.15406 nm). The voltage was set at 40 kV at a scanning
rate of 2◦/min from 10◦ to 80◦ (2θ ) angles.

FTIR offers quantitative and subjective investigation of organic compounds. Fourier Transform Infrared Spectroscopy
(FTIR) distinguishes chemical bonds in a compound by creating an infrared absorption range. FTIR spectra of pure PVA and
distinctive nanocomposite films were acquired a spectrum in the range from 4000 to 550 cm-1.

2.5 Thermal and Mechanical characterization

Thermal properties of the PVA/GO-ZnO nanocomposite films were drawn by Perkin Elmer DSC/TGA instrument (model
exstar Japan). The nanocomposite films were warmed from 30˚ C/min under N2 medium.

2.6 UV-VIS analysis

Optical analysis carried for all the samples byUV-1800 (Shimadzu-Japan) spectrophotometer.Themathematical relationship of
Tauc was used to calculate the band gap energy (Eg) of PVA and PVA/GO-ZnO nanocomposite films. (30)Results are tabulated
in the Results and Discussion section.

2.7 Electrical conductivity analysis

A significant property of many materials is sheet resistance (or surface resistivity), quantifying the ability of charges to move
across uniform thin films. The four-probe technique is the most appropriate method used for monitoring sheet resistance. In
order to make electrical contact with the material, this technique involves using four equally spaced, co-linear probes known as
a four-point probe (31,32). Most widely available four-point probes have sharp needles as probes.The four-probe approach works
by penetrating the substance with four equal-spaced, co-linear probes between the outer two probes (1 and 4), DC current is
applied and a voltage drop is determined between the inner two probes (2 and 3). It is then possible to calculate the sheet
resistance using the following equation:

ρ = 2πs
(

V
I

)
Where V is the potential difference in volts between internal probes, ‘I’ is the current through the outer pair of ampere probes
and ‘S’ the Spacing between meter probes (33–36).

3 Results and Discussion

3.1 XRD characterization

XRD is a significant instrument for describing the delamination and scattering of GO-ZnOhybrid fillers in the nanocomposites.
Figure 1 shows the XRD pattern of neat PVA, and PVA/GO-ZnO nanocomposite films. In comparison to pure PVA, the XRD
patterns of PVA/GO-ZnO nanocomposite display the characteristic peaks of ZnO nanoparticles at 2θ = 31.76◦, 34.36◦, 36.24◦,
and 47.54◦, which correspond to the reflection planes of ZnO’s hexagonal wurtzite crystal structure.These additional peaks are
the same as those found in ZnO Nanoparticles (22).

Furthermore, the (1 0 1) diffraction peak of PVA crystals at 2θ = 19.48◦ is a very intense peak from the composites after
adding the ZnO NPs and GO. However, its location drops to 19.2◦, its strength drops, and the crystallisation peak broadens,
indicating that there is some contact between the three compounds which is logical with Yang, Shuai, et al (37,38). All the new
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existing diffraction peaks are related with the diffraction peaks of GO-ZnO hybrid nanoparticles. It further confirms the proper
miscibility of PVA with GO-ZnO hybrid nanoparticles.

Fig 1. XRD Chromatogram Spectra of PVA nanocomposite films with different weight percentage of GO-ZnO filler.

3.2 FTIR characterization

Figure 2 shows the FTIR spectra of PVA and PVA/GO-ZnO nanocomposites. The peaks related with the structure of the PVA
are represented here. A wide band at 3290 cm-1 corresponds to hydroxyl stretching (O–H) of the introduced PVA matrix. A
peak at 2941 cm-1 is attributed to C–H asymmetric vibration (39). A tight peak at 1715 cm-1 is identified with the carbonyl
extension (C=O) of PVA acetyl group. A top at 1247 cm-1 is identified with the C–O–C stretching of the host matrix. The top
at 833 cm-1 relates with the – CH2 extending vibration of PVA polymer. The above represented peaks are almost present for all
the PVA/GO-ZnO hybrid nanocomposite films (Figure 2) apart from this, the peaks of C=O and C–O–C extending vibrations
are surprisingly moved from their real positions when compare with pure PVA positions.This strongly demonstrates the actual
collaboration between nano-sized hybrid GO-ZnO filler and the PVA matrix

Fig 2. FTIR analysis Spectra of PVA nanocomposite films with different weight percentage of GO-ZnO filler
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3.3 Morphological characterization

Morphological images of PVA/GO–ZnOcompositeswas analyzed by SEM. Figure 3 illustrates SEMmicrographs for the fracture
surfaces of neat PVA and PVA/GO-ZnO nanocomposite. The neat PVA fracture surface appears as smooth surface. However,
the fracture surface morphology is different after the GO–ZnO hybrid is incorporated

Fig 3. SEM images of (a) Pure PVA, (b) PVA/GO-ZnO (1 wt %), (c) PVA/GO-ZnO (3 wt %) and (d) PVA/GO-ZnO (5 wt %)

Figure 3(a) explains about the SEM micrograph of perfect PVA film. It appears exceptionally dark without any voids. It
confirms that the film has no air bubbles. The surface morphology of the nano-sized GO-ZnO hybrid Nano filler incorporated
PVA nanocomposite film was additionally examined to understand the actual connection of nano-sized GO-ZnO with the
polymer matrix. The SEM micrographs of polymer nanocomposite films are shown in Figure 3(b-d). At lower rate stacking of
GO-ZnO (1%) the PVA is nicely mixed and distributed with nanoparticles, at higher rate of stacking GO-ZnO nanoparticles,
it was seen that agglomeration rate is also increasing because of the high surface energy of GO-ZnO Nanoparticles. (40) All the
polymer nanocomposite films were prepared with no air bubbles which could be seen from the SEM images.

3.4 Thermal characterization

The Thermal dependability of PVA/GO-ZnO nanocomposites can be dissected from TGA-DSC methods. The TGA
thermograms of the readied PVA/GO-ZnO composite films are appeared in Figure 4 . The initial step of debasement around
100◦C shows the loss of moisture and evaporation of trapped solvent. The second step of degradation shows up in the
temperature range between 100◦C - 200◦C demonstrates the thermal stage change at a beginning phase in nanocomposite
films. The third degradation between 200◦C - 300◦C demonstrates the disintegration of composite films identified with side
chain or functional group disentanglement. The fourth step of over 400◦C corresponds to the complete degradation curve of
the polymer.

The percentage of weight loss of and PVA/GO-ZnO hybrid nanocomposite films at various temperatures is given in Table 1.
The TGA thermograms of PVA and PVA/GO-ZnO polymer nanocomposite films (Figure 3) show the increase in percentage of
GO-ZnO filler to PVAmatrix extrapolating the thermal stability of the polymer. At 300◦C the level of weight reduction of PVA
pure film is 25.45% and it is diminishing to 16.77% when it is added with 5% of GO-ZnO.This also consolidates the expansion
in thermal stability of PVA film after the addition of GO-ZnO.

The DSC behavior of the PVA and PVA/GO-ZnO hybrid nanocomposite films are shown in Figure 5 . The glass transition
temperature (Tg) of the PVA pure film is 103.79◦C. As the percentage of Hybrid nano filler increases the Tg of the film also
increases. For 1% & 2% (w/v) loading of Hybrid nano filler the Tg values are 104.91◦ C and 105.1◦C respectively, but there is
no remarkable increase in glass transition temperature is observed with 5% (w/v) of filler charge. Similarly Tg and the melting
temperature (Tm) of the PVA/GO-ZnO polymer nanocomposite films increased with increase in incorporation of hybrid filler
in to the PVA matrix. The pure PVA start melting at 186.46◦C and the melting temperature increases to 187.39◦C & 188.29◦C
by the addition of hybrid nano filler. This indicates that the GO-ZnO hybrid nano filler played an important role in boosting
the thermal properties of the polymer.
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Fig 4. TGA analysis Spectra of PVA nanocomposite films with different weight percentage of GO-ZnO filler

Table 1. Percentage of weight loss of PVA/GO-ZnO hybrid nanocomposites at different temperatures

Sample code
Percentage of weight loss at various temperature
100◦ C 200◦ C 300◦ C 400◦ C 500◦ C 600◦ C Residue

Pure PVA 7.3 13.92 25.45 77.01 93.52 94.10 5.9
PVA/ GO-ZnO (1%) 5.12 11.04 27.47 75.60 92.41 92.9 7.1
PVA/ GO-ZnO (3%) 4.74 10.75 26.28 72.44 91.9 91.79 8.21
PVA/ GO-ZnO (5%) 9.60 12.29 16.77 84.42 87.07 90.75 9.25

Fig 5.DSC analysis Spectra of PVA nanocomposite films with different weight percentage of GO-ZnO filler
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3.5 Mechanical characterization

The homogeneity of composites and the solid interfacial interaction between the hybrid nano film and the polymer network
supposed to have significant impact on the mechanical properties. Figure 6 shows the mechanical properties of PVA/GO-ZnO
hybrid polymer nano-composites:

Fig 6.mechanical properties of PVA and Nanocomposites with different weight loadingof GO-ZnO nano particle

Thesubtle differences of themechanical properties are tabulated inTable 2. As observed, both the tensile strength andYoung’s
modulus evidently displayed an increasing pattern with the increase in GO-ZnO content. Zhang, Rong, et al (41) explained the
PVAmembranewith aGO-to-ZnONanoparticle hybridmaterial withmass ratio of 3:7 exhibited the highest elongation at break
at 177.14%± 7.17% where as in the present study the elongation behavior of the Polymer is increased by the addition of hybrid
Nano filler and it varies from 15.94 Mpa of pure PVA polymer film to 239.52 MPa to 1% loading of GO-ZnO hybrid filler. The
elongation nature is observed to be constant or not much differed after reaching the extreme point (more than 60%) from the
pure PVA polymer film to Nano filler polymer matrix. The reduced crystallinity leads to increase in the elongation and tensile
strength of the polymer.TheGO/ZnONanocomposite incorporated PVAwith a ratio of 3:7 shows the tensile strength of 11.92±
0.58 Mpa (41) which is almost near value than PVA/GO-ZnO value 10.48 Mpa as with 5% loading of GO-ZnO nanocomposites
in the in the current work. However, the tensile strength increases from 3.84 MPa of neat PVA to 10.48 MPa of PVA-0.05%
GO-ZnO and Young’s modulus increases from 104.407 to 106.765 MPa. It is clear indication of change in individual property
of ZnO and such enormous improvement in the mechanical properties at such low stacking of GO-ZnO can be credited to a
property of GO-ZnO hybrid nano-filler and the uniform distribution of the GO-ZnO fillers through the polymer matrix. The
slight diminishing in Tensile strength and Young’s modulus of PVA-0.01% GO-ZnO is ascribed to the poor regularity at this
loading percentage

Table 2.Mechanical properties of Pure PVA and PVA/GO-ZnO nanocomposites
Sample code Young’s modulus (MPa) Elongation at break (%) Tensile strength (MPa)
Pure PVA 104.407 15.94 3.84
PVA/ GO-ZnO (1%) 61.307 239.52 5.82
PVA/ GO-ZnO (3%) 104.839 239.4 9.75
PVA/ GO-ZnO (5%) 106.765 239.78 10.48

3.6 Optical characterization

A change in themolecular structure of the polymer causes changewithin the optical band gap.The optical band gap information
is accessible from theUV-Visible spectrum absorption edge of the PVA/GO-ZnONPnanocomposite films, as shown in Figure 7
. The optical band gap in the plots of (αhν) 1

2 versus (hν) was determined by extrapolating straight regions to the (hν) axis,
where α is the absorption coefficient and hν is the energy of the light photon incident.

Table 3 lists the obtained optical band gap energies of the nanocomposite films.The optical band gap of Pure PVA observed
as 4.51 eV and after the addition of 1% of GO-ZnO It is shifted as 4.32 eV, also it is evident from Table 3 that with the rise
in Nano particle incorporation band gap energies decreases. The cross linking which resulted because of addition of GO-ZnO
nanoparticles in the amorphous region of the polymer matrix would induce a shift in the polymer network crystal structure.
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Fig 7.UV-VIS spectra of (a) Pure PVA, (b) PVA/GO-ZnO (1 wt %), (c) PVA/GO-ZnO (3 wt %) and (d) PVA/GO-ZnO (5 wt %)

The decrease in the band gap energy indicates that the polymer become more conductive in nature as the nanoparticle dosage
increases.

Table 3.Optical band gap energies of Pure PVA and PVA/GO-ZnO nanocomposites
Sample code Band gap (eV)
Pure PVA 4.51
PVA/ GO-ZnO (1%) 4.32
PVA/ GO-ZnO (3%) 4.26
PVA/ GO-ZnO (5%) 4.24

3.7 Electrical characterization

Using a four-probe technique, the DC conductivity of PVA and PVA/GO-ZnO nanocomposites was studied at room
temperature. The plot of GO-ZnO NPs electrical conductivity versus weight percent loading is shown in Figure 8 . After
incorporating GO-ZnO NPs, there is a steady improvement in the conductivity of PVA. The conductivity of the PVA with
GO and ZnO loading were shown a slight increases when compare with the Pure PVA and

After evaluating Table 4 and the figure it was concluded that the integrated GO-ZnO Nanoparticles created the conducting
paths within the PVA matrix through a newly implemented charge transfer complex which results in an increase in the
conductivity.

Table 4. Electrical conductivity properties of Pure PVA and PVA/GO-ZnO nanocomposites
Sample Code Conductivity (s cm-1 )
PVA 9.952×10-8

PVA/GO-ZnO (1%) 5.983×10-7

PVA/GO-ZnO (3%) 1.220×10-6

PVA/GO-ZnO (5%) 2.895×10-6
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Fig 8. Electrical conductivity plot of PVA nanocomposite films with different weight percentage of GO-ZnO filler

4 Conclusion
The biopolymer PVA/GO-ZnO hybrid nanocomposites were effectively prepared by solution casting method. The XRD
tests, SEM and Fourier transform infrared spectrometry confirmed the presence of GO-ZnO in PVA matrix. The Nano
film basic investigation revealed that GO-ZnO hybrid nanoparticles were homogenously dispersed in the polymer bed with
great interaction in polymer strings. Also, it was observed that by adding GO-ZnO hybrid Nano filler to the PVA polymer,
the mechanical properties of nanocomposites were improved. Mechanical properties, for example, Tensile strength, Young’s
modulus and extension at break of PVA properties were upgraded with the loading of GO-ZnO. The tensile strength of PVA-
GO-ZnO (5%) percent increases from3.84MPa to 10.48MPa, and the Young’smodulus increases from104.407 to 106.765MPa.
The addition of Nano filler improves the polymer’s elongation behavior, which ranges from 15.94 MPa for pure PVA polymer
film to 239.52MPa for 1% loadingGO-ZnOhybrid filler. It is well understood from the results that the increase in the percentage
of GO-ZnO with PVA is responsible for reinforcing and hardening of the PVA matrix. The thermal stability was confirmed
through TGA and DSC analysis. At 600o C the % of weight loss is 94.10 and it decreases to 90.75 with the addition of 5% of
nano particle.The DC conductivity studies of PVA polymer is 9.952×10-8 s cm-1 and is increased as 5.983×10-7s cm-1 with 1%
of nano particle loading and reaches the value 2.895×10-6s cm-1 by the incorporation of 5% GO-ZnO nano particle. PVA/GO–
ZnO can be regarded as prominent material combining the good conducting properties of graphene oxide and important
properties of Zinc Oxide for potential applications in the diverse scientific applications. Graphene as a carbonaceous material
has outstanding properties which make it attention-grabbing material. Graphene is conductive in nature and has enormous
future role in almost all areas of material science such as paints, varnishes, plastics, foams, and inks, induction heaters, in the
construction of materials (concrete, cements, etc.), metallurgical processes, energy storage materials, catalysts, biocompatible
implants. ZnO as a cheap material can be used to improve the mechanical properties of polymer nanocomposites. Fabrication
of ZnO as a UV protection system can make it or ZnO based nanocomposite a robust candidate especially in polymer industry.
Addition of ZnO nanoparticles into polymers can expand mechanical, electrical and optical properties of polymers because of
strong interfacial interaction among organic polymer and inorganic nanoparticles due to its small size, large specific area .Thus
nanocomposites of this type can bewidely used in coatings, plastics, rubbers and other useful applications. PVA/GO-ZnObased
nanoparticles can be applied in construction of LEDs or optoelectronic devices. PVA/GO-ZnO based nanocomposites can
also be utilized as biosensors development. Comprehensive study is required on PVA/GO-ZnO based nano materials for their
further applications in divergent areas. The chief limitations of PVA/GO-ZnO nanocomposites are post-recovery challenges,
reusability, and recyclability. Research is in progress to overcome such limitations.
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