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ABSTRACT

Incessant research curiosity has been shown to the fabrication of ZnO blended polymer
nanocomposites owing to their extraordinary antimicrobial, catalytic, electrical, mechanical, optical,
thermal and medical features. The Solution Casting Method is employed to fabricate PVA-ZnO
nanocomposite film by incorporating the filler of ZnO nanoparticles which are synthesized by a novel
starch-assisted combustion (SAC) method. XRD study revealed that increasing ZnO loading increases
amorphous nature of the PVA-ZnO films. FTIR studies reveal the formation of molecular complex of
PVA with ZnO filler. It was observed that ionic conductivity of the films as calculated from A.C.
impedance studies tend to depend on the morphology and amorphousity of the films. The dielectric
study observed the decreasing dielectric constant (£°) with increasing frequency and it was its
maximum for 15wt% ZnO filling in PVA. The band gap energy revealed from UV-Visible
spectroscopic studies has revealed that on increasing the ZnO loading band gap of the films
decreases. SEM studies illustrated distinctive morphology for each level of ZnO loading in the films
which may be important for morphology dependant applications. Thus the study shows that by
incorporating ZnO to PVA results in homogenous nanocomposite films with appropriate dielectric
constant and conductivity values coupled with unique physical features, divulging their applications
in microwave absorption and Electro Magnetic Induction (EMI) shielding in addition to the already
known multifarious applications like in optics, sensors etc.
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INTRODUCTION

For over three decades, polymeric materials such as thermoplastics and thermosets have made a huge
revolution in industries, electronics and optoelectronic devices and more specifically in household
utilities [1, 2]. Later advancements in polymer technology have resulted in the most coveted,
indispensable and a special class of engineering material namely polymer nanocomposites that has
recently attracted a major market in food packing [3] and textile industries, flexible/foldable hand-
held electronic gadgets and in very many fields of science, technology and engineering. Especially,
polymer nanocomposites with polyvinyl alcohol (PVA) which is a water processable polymer [4] is
bestowed with several interesting physiochemical features and thus undoubtedly the most frequently
investigated matrix, occupying the niche within polymer family. Further reasons why PVA is a
preferred matrix for fabricating composites are that it is a semi crystalline, water soluble material with
low electrical conductivity, good optical property, biocompatibility and has excellent film forming
and adhesive properties [5, 6] making it a suitable engineering material for combining with a
diversified class of compounds for producing many luminescent materials [7], (bio)sensors,
pharmaceuticals and biomedical [8-12], optoelectronic components [13], gas barrier [14] applications.
Above all, PVA is biodegradable and imitates natural polymers and so it is vital in paper coating and
textile sizing industries [15].

A quick scanning of literature reveals that PVA can accommodate many fillers, dispersants or
additives to produce freestanding films for the afore-mentioned applications. A few studies with PVA
as matrix are of importance and hence shown here. Anji Reddy Polu and Ranveer Kumar et al [16]
has shown that ionic conductivity of PVA was high at room temperature when complexed with
magnesium nitrate. Sivadevi et al [17] have investigated the properties of PVA-PAN blend and
showed that charge carrier responsible for both d.c. conductivity and relaxation are the same. In
addition to the above PVA has attracted incredible attention in solid-state electrochemical devices too
[18]. Alkaline composite polyvinyl alcohol polymer electrolyte films synthesized using solution
casting method for photovoltaic applications were also reported [19]. Polymer nanocomposite films
PVA/PEO/In,S; synthesized via solution casting method and concluded enhancement of photovoltaic
effect [20].

Chun-Chen Yang and Shen-Jen Lin [21] have reported glass fiber-PVA polymer composite
electrolyte and their studies suggest that PVA has potential use in solid state alkaline batteries
systems. Therefore, PVA is considered versatile and research goes unabated as it can accommodate
numerous other fillers such as ZnO [22], Ag [23], graphene oxide [24], iron oxide [25] for many
important applications. In an interesting research by Obula Reddy and Chandra Babu [26], magnetic
profile of PVA: Gd3" & PVA:Ho*" were studied and the research summed up that these films can be
used in electrochemical display systems. In another work, Al,O; nanoparticles filled polymer gel
electrolytes of PVA: DMSO: NH,SCN was prepared by solution casting method and the authors have
shown from XRD and CV studies that amorphousity and electrochemical current stability of PVA gel
electrolytes was improved upon adding Al,O3; nanofiller [27]. ZnO nanoparticles prepared by sol-gel
and a combined sol-gel and hydrothermal methods, it is a step forward towards the preparation of
Zn0O with enhanced activity like antibacterial activity [28, 29].

Many polymeric matrices blended with ZnO, a semiconductor with wide band gap, have been
reported for enhanced electrical, mechanical, structural, optical and dielectric properties [30-32]. It is
well established that ZnO based polymeric nanocomposite materials exhibit very interesting
characteristics such as good transparency and high electron mobility and so it is very promising in
applications like short-wavelength light emitting diodes, transparent conductors, dye-sensitized solar
cells, gas sensors, as a high resistance semiconducting device and in fully transparent thin film
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transistors. Since there is an unabated interest in developing composite membranes with high
dielectric constant fulfilling the criteria for harnessing many slim, foldable/flexible electronic and
photonic gadgets or even in EMI absorbing, ZnO dispersed PVA film composites will be the choice in
the future electronics as this combination always brings forth excellent physiochemical properties [33,
34].

Nevertheless, to the best of the authors’ knowledge, not many reports are available on obtaining
high dielectric polymer nanocomposites based on semiconductor nanoparticles for a wide band of
frequency. To cite a few, in an interesting research by Hamza et al [35], PVA/Ag nanoparticles/ZnO
nanofibers were synthesized and have shown to exhibit excellent antibacterial properties thus
establishing its use in the biomedicine fields as well. Yet another report has shown that PVA/ZnO
films exhibit photo luminescence (with 10 mol% of ZnO doped on PVA) and has been suggested for
prospective use in optoelectronic devices [36] and for both d. ¢. & a. c. electronic devices [37].

On the light of the above, the present study uses ZnO nanoparticles as nanofiller because of its
multidimensional applications like in environmental, food packaging, medical care, healthcare as well
as construction and decoration. Further, ZnO is non-toxic and is compatible with human skin making
it a suitable additive for textiles and surfaces that come in contact with human body. Thus to examine
the effect and influence of various weight percentages of ZnO nanofiller loading in PVA polymer
matrix on the essential properties like structural, optical, impedance and dielectric properties in PVA-
ZnO nanocomposite pore free and freestanding films has been taken as the objective of the work and
the observations are presented systematically. The study is expected to pay way for tuning the above-
listed properties by way of loading ZnO in PVA matrix and thus leads to the development of new
hybrid materials for electrical, optical, EMI shielding applications etc., and subsequently to unearth
the potential of PVA in unexplored areas of Science & Technology.

MATERIALS AND METHODS

Materials: Polyvinyl alcohol powder with average molecular weight of 30000 (with degree of
polymerization 1700-1800 and 98-99% hydrolyzed) used in this study was purchased from Sigma
Aldrich. Zinc nitrate [Zn(NOs),.6H,0] and starch (CsH100s),.(H.O) were also purchased from Sigma
Aldrich. Doubly distilled water used for the experiments was produced in-house.

Synthesis of zinc oxide (ZnO) powder: One of the authors of the present communication had
reported the synthesis of a few oxide based materials for use as cathode in lithium batteries through a
very simple route namely starch assisted combustion (SAC) method [38]. In the present work also,
the filler ZnO was synthesised by following the above method. In a representative example, starch
solution was prepared by dissolving 3 g of starch in 50 mL of double distilled water at ~90°C. Then 2
g of zinc nitrate [Zn(NO3),.6H,0] crystals was dissolved in 2 mL double distilled water and added to
the hot starch solution. This mixture was stirred well at the same temperature till homogenous slurry
was formed. Later, the slurry was dried in an air oven at 100°C for 1h and finally heated in a furnace
at 400°C for 2h to get the fine powder of white ZnO powder.

Fabrication of virgin PVA film: Virgin PVA film was fabricated by solution casting method
following the procedure described in [39]. In a typical procedure, a known quantity of PVA (say 19)
and double distilled water (10ml) were taken in a glass beaker and heated at 80°C with continuous
stirring until the polymer was completely dissolved and a clear viscous solution was obtained. This
solution of PVA was poured on a clean and dry Petri dish and kept in a dust free chamber at room
temperature for 4 to 5 days for drying, later peeled off and stored flat until further studies.

Preparation of PVA-ZnO nanocomposite films: To prepare free-standing PVA-ZnO
nanocomposite films, ZnO powder prepared above was used as the nanofiller with wt% of 5, 10 and
15 for the PVA content fixed at wt% 95, 90, 85 respectively with water as a solvent by adopting

www. joac.info 730



Muthupandeeswari Anandan et al Journal of Applicable Chemistry, 2020, 9 (5):728-742

solution casting technique as described above. The filler loading (Wt%) in the film was calculated
using the following equation:

Weight % of filler = [weight of filler / (weight of filler + weight of PVA)] * 100

Calculated guantity of PVA was dissolved in a required quantity of hot water and to this solution
calculated amounts of ZnO filler for the desired wt% was added and the mixture was ultrasonicated
for 15 minutes and subsequently stirred on a magnetic stirrer/hotplate until a homogenous viscous
solution was obtained. Finally, nanocomposite films were cast as described in the above method. The
dried films were peeled off from the Petri plates and stored flat in vacuum desiccators until further
use. The thickness of the fabricated films was found to be 0.2 mm. The solution casting or solution
blending method has proved good PVA-ZnO blending, resulting in mechanically stronger and stable
films.

Characterization techniques: XRD patterns were recorded using PAN Analytical model X-ray
diffractometer using Cu-K, radiation as source (A = 1.54060A°; V = 45KV, I =40 mA). The FTIR
spectra of virgin PVA, ZnO powder and PVA-ZnO nanocomposite films were recorded in the region
400-4000 cm™ using JASCO spectrometer (Model: FT/IR-4700). UV-Visible absorption of
nanocomposite films was recorded in the range 200-900 nm on JASCO UV-Vis spectrophotometer
(Model: V-750). The morphology of the samples was examined by VEGA 3 TESCAN Scanning
Electron Microscope. A. c. impedance and dielectric studies on PVA-ZnO nanocomposite films were
done over the frequency range of 50 Hz-5MHz using HIOKI 3532-50 LCR HIiTESTER which was
interfaced to a personal computer.

Teflon—

Spring

Figure 1. Photo of the sample holder.

For a. c. impedance studies, a sample holder with teflon and stainless steel as materials of
construction was fabricated in-house and the model has been depicted in figure 1. Two stainless steel
(SS) discs acting as blocking electrodes are included in the design between which the polymer films
are tightly positioned and the springs ensure tight grip of the films between the SS discs. For the
studies the fabricated films were cut into circles of 2cm diameter and placed between the discs of the
sample holder.

RESULTS AND DISCUSSION
Phase analysis by X-Ray Diffraction: Figure 2 represents the XRD pattern of the virgin PVA film.
A sharp peak at 23.1° associated with the (101) plane confirms the semi crystalline nature. This
observation matches exactly with the earlier reports of Roy and Deepak et al [39, 40].
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Figure 2. XRD pattern of virgin PVA film. Figure 3. XRD pattern of virgin ZnO.

Figure 3 represents the XRD of the ZnO powder which can be indexed to the typical hexagonal
wurtzite structure of ZnO (JCPDS no: 36-1451) and features a series of crystalline peaks appearing
between 30° and 65°. A sharp peak appears at 31.7° (indexed as (100)) which is followed by a doublet
appearing at 34.4° and 36.3° which may be indexed as (002) and (101) respectively. Further, sharp and
well defined medium and short crystalline peaks appear at 47.0° 56.5° and 62.8° which may be
indexed as (102), (110) and (103) planes respectively which matches exactly with those reported by
Mansour et al and Bouropoulos et al [41,42].

With the addition of 5wt% ZnO to PVA, the peak at 23.1° due to virgin PVA presented in figure
4a is still observed. However, the intensity of the characteristic peaks due to ZnO have drastically
been reduced and broadened as shown in figure 4b. This reduction in intensity and peak broadening of
films suggest the increased amorphous nature of the PVA-ZnO nanocomposite film. At 10 wt% of
ZnO (Figure 4c), the characteristic XRD peak of PVA at 23.1° gets further broadened with no visible
trace of peaks corresponding to ZnO. This observation suggests that the crystalline nature of PVA
reduces with higher loading of ZnO.
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‘_’/\ (c)
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20 40 60 1]
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Figure 4. XRD pattern of (a) virgin PVA film, (b-d) PVA + [5,10,15wt% of]
ZnO nanocomposite films.

At a still higher level of loading i.e. with 15wt% ZnO (Figure 4d) in the film, the characteristic
peak at 23.1° ascribed to PVA still gets broadened and completely became amorphous, thus
suggesting that increasing wt% of ZnO in the host matrix namely PVA decreases the crystalline
nature or in other words, increases the amorphous nature of the composite films. This could be due to
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the increase in the intermolecular interaction between the PVA chains contributing to more
amorphous nature, an observation which coincides with that of reported by Hemalatha et al and
Muhammad et al [36, 43] from their work on composition dependant studies with hybrid PVA-ZnO
nanocomposites. Therefore, an analysis of figure 4a-d would conclude that a higher ZnO loading
would introduce amorphous character to the polymer films and it will be later shown in this article
that increased amorphousity contributes to the enhancement in the conductivity of the nanocomposites
films. With no additional or new XRD peaks observed further suggest that ZnO has excellently been
capped in the PVA matrix in the %loading studied and also confirms phase purity of the films.

Fourier Transform Infrared Spectroscopic Analysis: Figure 5 depicts the FTIR spectrum of ZnO
filler in which the peak observed around 432 cm™ may be assigned to the stretching vibrations of Zn-
O bond [36, 44]. FTIR spectrum of virgin PVA is given in figure 6a which shows the signatures at
837 cm™ and 916 cm™ respectively corresponding to C-C stretching and CH, rocking vibrations.
Signature peak at 1329 cm™ confirms CH, stretching and 1420 cm™ signature refers to CH5 bending.
The broad band around 3257 cm™ may be attributed to the OH stretching of PVA in the polymer
backbone. In addition to the above signatures, the band in the frequency region 2921 cm™ attributes
to CH;, asymmetric stretching, an observation which is in accordance to references [41, 43]. When 5
wt% of ZnO was loaded in PVA, the peaks appear with reduced intensity as evidenced from figure 6b.
While further analyzing the wavelength region, a new peak appears at 1224 cm™ corresponding to C-
H wagging or C-C stretching with 10 wt% ZnO loading, as shown in figure 6¢. Signatures of O-H
stretching in PVA polymer backbone gets broadened further for higher loading of ZnO filling, as
evidenced from figure 6d. The shifting of peak due to ZnO from 432 cm™* to ~510 cm® in
nanocomposite films might be related to the interactions between ZnO particles and PVA [39, 44]
thus resulting in a new complexed structure through CH rocking, CH wagging and OH stretching.
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Fig. 5. FTIR spectra of virgin ZnO Fig. 6. FTIR spectra of (a) virgin PVA film, (b-d) PVA +
[5,10,15wWt% of] ZnO nanocomposite films.

From the foregoing description on the FTIR spectra establishes the interaction between Zn ions
and OH group of PVA backbone which is effected through intra-/intermolecular hydrogen bonding
thus resulting in a complex structure [43, 45].

Impedance Spectroscopic Analysis: Figure 7(a-d) shows the Nyquist plots of virgin PVA, PVA-
ZnO nanocomposite films for the three wt% of ZnO respectively. All impedance spectra have
convoluted with two regions, one is a semi circle at high frequency region and another is a linear
region at low frequency inclined at 45° or little more with reference to the real part of the spectra.
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All the ZnO laden PVA nanocomposite films have shown well defined semi circles which are
followed by linear traces irrespective of the variation in ZnO loading in PVA. The semi-circle
formation corresponds to the bulk resistance (R,) of the film and the linear traces at the lower
frequency are attributed to the blocking effect of the SS electrodes [34]. The Ry values of all the films
are obtained at the intersection of the semi circles with the real axis. Further the conductivity of the

films has been calculated using the formula given below [46],

c=T/RyxA

where, T is the Thickness of the polymer films, Ry, is the bulk resistance and A is the surface area of
the film (A = nr?).
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Figure 7. A.C Impedance plot for (a) virgin PVA film, (b-d) PVA + [5,10,15wt% of] ZnO nanocomposite films.

The conductivity values of various films calculated using the above formula is shown in table 1.

Table 1. Conductivity values of PVA-ZnO films at 303K.

It is observed from table 1 that of all the PVA-ZnO films with 10 wt% ZnO has exhibited
enhanced conductivity of 5.848x10° Sm™ at ambient temperature (303 K). The enhancement in
conductivity with increase in ZnO loading in the fabricated polymer films may be explained due to
the interaction between polymer chains and ZnO leading to complexation and also the transition from

L. Bulk resistance | Conductivity
Sample description Re (106) ) o (Sm‘l)
PVA + 0% ZnO 10.7744 0.027x10°
PVA+ 5wt% ZnO 8.6363 3.687x10®
PVA+ 10wt% ZnO 5.4452 5.848x10°
PVA+ 15wt% ZnO 13.9665 2.280x10°®
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semi-crystalline phase to an amorphous phase of the polymer complexes due to the dispersion of ZnO.
The deviation in conductivity (increased impedance) observed for 15% ZnO loading is assumed to be
due to the heavy loading of the film with the filler which might have resulted in high R, when
compared to the other films. Again, it can be later shown from the SEM studies that morphology has
also a definite say on the conductivity of the films in addition to the crystalline or amorphous nature
of the films.

Dielectric property analysis: For understanding the properties of the films for future prospects in the
development of microwave antennas and EMI shielding, an investigation of dielectric properties in
the range of GHz was undertaken. Figure 8 shows the variation of dielectric constant (€’) with
frequency and ZnO loading in PVA composite films fabricated for the present study.

From the plots it is understood that the value of € decreases with increasing frequency and
reaches a constant value at higher frequencies as observed by Hemalatha et al and Roy et al [37, 39]
from their work similar to the present study wherein the decrease in € with increasing frequency and
increased addition of ZnO in PVA the matrix has been reported. This could be explained by the fact
that at higher a. c. frequencies the charge carriers may not follow the fast alternating electric field
[47]. But at low frequencies, large dielectric constant values are observed and the reason may be
associated with an enormous increase in the storage of the electric charges per unit volume of the film
leading to enormous and strong ionic polarization due to Zn** and O* inthe polymer, as explained in
reference [48].

—=— PVA+0% Zn0O
—e— P+5% Zn0O
—a— P+10% ZnO
—w— P+15% ZnO

s ==

0 50000 100000 150000 200000
Frequency (Hz)

Figure 8. Variation in dielectric constant of PVA upon ZnO loading.

Moreover, interfacial polarization also exists due to the variation in permittivity between ZnO
and PVA, a generally observed nature of the polymer nanocomposite dielectric materials. The
observed trend in the dielectric constant of the nanocomposite films which is due to the introduction
of semiconducting ZnO in the PVA host matrix would be more attractive in electronic and electrical
gadgets than the virgin PVA film. At low frequencies the composite films thus may facilitate devices
operating in the microwave region and for EMI shielding.

Results of optical studies (UV-Visible spectroscopic studies): UV-Visible spectroscopic studies
were carried out to understand the effect of ZnO loading in PVA matrix on UV absorption and band
gap energy and the results are presented in figure 9 (a-d) and inset figure 9(e-h) respectively. It is well
established that PVVA absorbs UV radiation strongly in the wavelength 200-250 nm region [49].
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Figure 9(a-d) illustrates the shift in both absorption bands and the band edges towards the higher
wavelengths with different absorption intensities for different increments of ZnO in PVA host
polymer. The shift in the absorption band gives an insight on the formation of inter-/intramolecular
hydrogen bonding between Zn ions with the adjacent OH groups of the PVA matrix. The increasing
ZnO concentration would tend to cause more and more inter-/intra hydrogen bonding and also
increased UV absorption, as expected from Beer’s law. The observed shift in the absorption edge of
the various ZnO doped PVA composite films is presumed to be due to the transition of phase (i.e.
from crystalline to amorphous phase) upon ZnO loading, which ultimately may reflect in the energy
band gap [50].
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Figure 9. Energy band gap of (a) virgin PVA film, (b-d) PVA + (5, 10, 15 wt% of) ZnO nanocomposite films,
UV Visible spectra of () virgin PVA film, (f-h) PVA + (5, 10, 15 wt% of) ZnO nanocomposite films.

It is well known that the band gap of a material is an important factor that explains the optical
transitions, which may be either direct or indirect. Also, it is well established that the band gap has a
direct relationship with the electrical and optical conductivities of the films [43]. The absorption
coefficient (o)) is the fractional power absorbed per unit length of the medium, and determined by
Beer’s equation, a=2.303A/t, where A is the absorbance observed from the UV-Visible absorbance
spectra and t is the thickness of the film. The optical band gap determined by Tauc’s plot correlates a
with photon energy (hv) by the equation [51],

ahv = B( hv-E)"
where o, hv, B, Eg and r are the absorption coefficient, incident photon energy, band tailing constant,

band gap energy respectively. For the direct band gap material like ZnO, the r value is taken as % [52,
53]. Using the above equation, (ahv)* was plotted against hv to calculate E, of virgin PVA and other
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composite films and the results are presented as figure 9(e-h), which evinces the linear behaviour
of (ahv)? against hv in the absorption band, indicating the direct transition nature [43, 54].
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Figure 10. Variation of the energy band gap of the virgin PVA film
and PVA-ZnO nanocomposite films.

The E4 value calculated for various ZnO loading in the composite films as well as pure ZnO are
collectively presented in figure 10. It is obvious from the graph that when ZnO loading increases the
E, value decreases and the observed decrease in the polymer films could be due to the local cross-
linking within the non-crystalline phase of the polymer. This increase in the local cross-linking may
further increase the degree of ordering in PVA backbone thereby decreasing the Eq values [50].
Interestingly, Mansour et al and Elizabeth et al [41, 55] have also observed a decrease in the energy
band gap with increasing ZnO loading. Mansour et al [41] explain this phenomena of ZnO
concentration dependant energy gap to be due to the creation of new energy levels in the band gap,
facilitating the crossing of electrons from the valence band to the newly created local energy levels
and finally to the conduction band. As a consequence, a decrease in the band gap energy with
simultaneous increase in the conductivity is expected [56, 57]. It is also given to understand that high
concentration of the filler only leads to close aggregation of the filler particles thereby affecting UV
absorption and this means scattering of visible light.

Results of SEM analysis: PVA-ZnO polymer nanocomposite films have been examined by scanning
electron microscope (x500 magnification) to demonstrate the changes brought about in the
morphology of the virgin PVA as ZnO is dispersed at various chosen wt% and the same have been
depicted in figure 11(a-e).

Figure 11a represents the SEM of SAC derived ZnO powder whose morphology appears to be
somewhat quasi-hexagonal in shape. Figure 11b illustrates the homogeneous surface morphology of
the virgin PVA. But the matrix surface has acquired an entirely different morphology when 5 wt% of
ZnO was loaded. To be specific, ZnO particulates emerge with a stretched rod like structure with a
centre of symmetry as it is dispersed in the PVA matrix (Figure 11c). Interestingly, at 10 wt% of
ZnO, the rod like structure has swollen up and appeared like petals of a flower (Figure 11d). A still
higher loading of ZnO i.e.15 wt% has introduced several folding of the host PVA matrix (figure 11e)
leading to an enormous volume expansion which would impart increased amorphous character to the
heavily loaded composite film, as evidenced from XRD studies. Folded morphology of the heavily
loaded film would also mean hindered charge migration with a consequent decrease in conductivity as
supported by impedance studies (Table 1). As a consequence the authors expect that the films would
be attractive in applications where morphology is the tuning factor.
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Figure 11. SEM image of (a) virgin PVA film, (b) virgin ZnO (c-e) PVA + [5,10,15wt% of] ZnO nanocomposite films.

Though several researchers [36, 43, 50] have described very interesting morphological features of
their PVA films with ZnO dispersed to various wt% ranges, the features what the authors of the
present communication observed are indeed distinctive which could possibly explain the amorphous
character, optical character (e.g. opacity) and trend in conductivity values, the parameters which
decides the final applications of the films. To conclude, SEM studies substantiate the changes in the
morphology of virgin PVA with the dispersion of ZnO.

APPLICATION

PVA-ZnO nanocomposite films were prepared via a simple solution casting technique. Optical
studies, dielectric constant and conductivity values of PVA-ZnO nanocomposite films reveal that
these films have prospects in optical devices microwave absorption and EMI shielding applications.
The nanocomposite films are expected to play an important role in the future microsensors, UV
shielding flexible nanodielectrics, surgical aprons, microelectronic devices etc.

CONCLUSION

Novel Starch Assisted Combustion (SAC) method has successfully been adopted for synthesizing
ZnO crystalline powder (Wurzite structure), the filler used for our studies. The above-prepared ZnO
filler has been loaded/dispersed in PVA polymer matrix at various loading levels (wt% of 5, 10 and
15) to fabricate pore free, freestanding and multifunctional PVA-ZnO nanocomposite films using
solution casting method. Interesting results obtained with the composite films are highlighted below.

1. XRD study identifies that 15wt% of ZnO doped PVA has reduced the crystalline structure of PVA.

In fact, XRD has revealed an increase in the amorphous nature of the films with the addition of

Zn0.

FTIR study has confirmed the molecular complexation of ZnO with PVA.

. Impedance study has confirmed enhanced conductivity up to lower ZnO loading levels in PVA
solution. The anomaly in conductivity (increased impedance) observed for 15% ZnO loading is

w N
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assumed to be due to the heavy loading of the film with the ZnO filler which might have resulted
in enormous Ry build up when compared to the other films.

4. Optical studies have confirmed the decrease in the band gap energy with increase in ZnO loading,
giving us a scope that the films can be utilized for optical devices.

5. SEM studies demonstrate the distinctive shapes of PVA matrix for each level of loading of ZnO
and also ZnO nanoparticles are homogenously dispersed in the polymer matrix thus rendering
itself for morphology dependant applications.

6. The observed trend in the dielectric constant which is due to incorporating ZnO in the PVA host
matrix would be more attractive in electronic and electrical gadgets than the virgin PVA film.
Moreover, from the conductivity and dielectric studies we may anticipate that at low frequencies
these composite films may be a choice compatible for microwave region and EMI (Electro
Magnetic Induction) shielding applications, the studies of which have been reserved for the near
future.

Hence the results of the studies confirm the strong dependence of ZnO filler loading on the
structural, optical, impedance and dielectric properties in PVA-ZnO nanocomposite films and evince
a potential pathway for utilizing these composite films in multifarious areas of future science,
technology and engineering like in reinforcement fillers and many novel applications indicated in the
earlier sections. An in-depth study will be undertaken to explore the temperature dependent behavior
of PVA nanocomposites with various fillers and to realize the applications of the films. The studies
obviously support for the multi dimensional applications of the PVA based ZnO nanocomposite films
and thus the films are anticipated to transform or redesign the entire polymer technology by widening
the requirements and applications as well, especially towards flexible, ultrathin and wearable gadgets
in the near future. Nevertheless, commercialization of nanocomposite films needs further
investigation related to toxicity, structural deformation on continuous usage etc.
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