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ABSTRACT:

The objective of the project is to presents the research results of PVA-Zr-Ti nanocomposite
synthesis. Polymer nanotechnology is a growing technology which is really useful in solar cells. Solar
cells which are made from using nanocomposite were environmentally friendly and uses natural
methods to prepare nanocomposites. Among the all zirconium and titanium nanoparticles draws more
attention due to their significant bio compatible, electrical, mechanical and optical properties. Polyvinyl
alcohol is a semicrystalline and water-soluble polymer with a non-toxic nature, biocompatible and has
better chemical resistance. The PVA-Zr-Ti nanocomposite prepared using solution casting method.
Which is an effective and rapid method to prepare nanocomposite. The prepared sample characterized
by FTIR, XRD and EDX. The FTIR analysis displays the functional groups of nanoparticles and the
structural properties were given by XRD.To determine the types of the elements, present in the
compounds, the EDX analysis of all the samples was carried out.

Index Terms: Polyvinyl alcohol, Zirconium, Titanium, Nano composite, Nano particles, Solar cells,
Solution casting method, FTIR, XRD, EDAX.

INTRODUCTION

Nanotechnology generates interest among the researchers in recent years due to their distinguished
properties and various applications in fields of industrial, medical, commercial and also in solar
technology. Development of applications incorporating Semiconductor nanoparticles to be used in the
next generation of products, such as solar cells, display technology, lighting, biological imaging such as
guantum dots. Nanoparticles are tiny particles; the size of nanoparticles ranges from 1 to 100 nm. They
can be classified into different classes based on their properties, size and shape. The nanoparticles
possess unique and different properties due to their nanoscale size. Their optical properties are reported
to be dependent on the size, which imports different colours due to absorption in visible region. Their
reactivity, toughness and other properties are also depending on their unique size, shape and structure.
Due to these unique characteristics the nanoparticles are widely used in commercial and domestic
applications.
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Polyvinyl alcohol (PVA) also referred to as PVAL, PVOH, or POVAL is a highly biocompatible,
synthetic-nontoxic, and highly water-soluble polymer. It can be used as the host of material for
composite corresponding to good thermal stability and resistance. Also, polyvinyl alcohol
nanocomposites are easy to produce. Zirconium comes under the type of strong transition metals. They
have the specific propertiessuch as toughness, high tensile strength, and hardness. Due to these
properties zirconium nanoparticles are widely used. Also, zirconium naturally available in nature
abundantly. The various properties and characteristics of zirconium allows it to be used in wide range of
application such as ceramic making, porcelain, in making abrasive, insulating and fire-retarding
materials.Bio synthesized Zr and Ti nanoparticles along with PVA can gives a nanocomposite which has
significant applications in solar cells. This study was undertaken with the objective to produce PVA — Zr
doped with Ti nanocomposite in a more natural and eco-friendly method.

EXPERIMENTAL TECHNIQUES

1. Synthesis of zirconium nanopatrticles:

Zirconium nanoparticles are synthesized using green synthesis nano technology. About 50g of
Andrographis paniculatataken into a beaker with 200 ml of deionized water, then it was heated in a hot
plate for 40 minutes at 60 deg temperature. Then the leaf extract was filtered and about 50 ml of leaf
extract taken into a beaker. And 5 M of zirconium salt added to 200 ml deionized water, this solution
stirred for an hour until the zirconium particles become solution. The measured 50 ml of Andrographis
paniculata added to the zirconium solution. The colour of final solution is white.After 30 minutes the
solution taken out from stirrer, and leaving the particles to settled down for 12 hours. Then the solution
was placed in an oven to prepare nanoparticles.

2. Synthesis of Titanium nanoparticles:

Titanium nanoparticles prepared in a similar way as Zirconium nanoparticles. About 50g of Solanum
trilobatum taken into a beaker with 200 ml of deionized water, then it was heated in a hot plate for 40
minutes at 50 deg temperature. Then the leaf extract was filtered and about 50 ml of leaf extract taken
into a beaker. And 5 M of titanium salt added to 200 ml deionized water, this solution stirred for an hour
until the titanium particles become solution. The measured 50 ml of Solanum trilobatum leaf extract
added to the titanium solution.The colour of final solution is white. After 30 minutes the solution taken
out from stirrer, and leaving the particles to settled down for 12 hours. Then the solution was placed in
an oven to prepare nanoparticles.

3. Preparation of Polymer:

The Polymer was prepared from polyvinyl alcohol. About 0.7 g of polyvinyl alcohol measured and taken
into a beaker , now the measured PVA added to 10 ml of deionized water. The salt solution stirred for 5
hours.In the polyvinyl alcohol solution 0.3 g of prepared zirconium nanoparticles added, it takes an hour
to blend the zirconium nanoparticle with polyvinyl alcohol. After one hour 0.5 g of prepared titanium
nanoparticles added to the PVA-Zr solution and the solution stirred for another hour. Finally, the
solution casted in a glass petri dish and kept in a clean place at room temperature for 48 hours. To
remove the impurities the petri dish washed with deionized water and cleaned by applying ethanol on the
surface. Finally, the polymer film carefully removed from petri dish.The colour of final solution is
white. The polymer film was formed by solution casting method. The characterization of synthesized
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Polymer was done by UV-spectroscopy, Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD). To determine the types of the elements, present in the compounds, the EDX analysis
of the samples was carried out.

RESULT AND DISCISSION

FTIR

The functional groups of nanocompositesconsisting the elements of PVA, Zirconium and Titanium were
studied using Fourier Transform Infrared Spectroscopy.FTIR analysis over the region of 400-4000cm™
wavelength were presented. Polyvinyl Alcohol has distinct bands at 2800-3000 cm™ ,3200-3570 cm-
tand 1000-1200 cmtwhich corresponds to Alkyl stretching groups, hydroxyl groups, hydrogen
bonded groups and C-O Stretching bonds respectively. The spectra of nanocomposite film having
range 444 cm is the metal-oxygen group (Zr-O). The peak at 3243 cm™® of pure PVA film is shifted to
higher wave number 3273 cm and it is due to the presence of ZrO2 into polymer matrix. hence these
peaks confirm the presence of Zirconium nanoparticles. The TiOzstretching is found at the peak value of
756 cm ! which confirms the presence of Titanium nanoparticles in nanocomposite.
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Fig (b) FTIR Spectra of Pure PVA.
Fig (a) FTIR Spectra of Pva-ZrO2 doped with TiO2 nanocomposite film

XRD(X-RAY DIFFRACTION)

XRD analysis was performed to study the crystalline structure. The Debye Scherrer equation, D = KA /
BCos0, is used to calculate the crystalline size of the nanoparticles, where D is the nanoparticles
crystalline size, K represents the Scherrer constant (0.98), A denotes the wavelength (1.54), B denotes the
full width at half maximum (FWHM).

The diffraction peak appears at around 20= 19.01" (101).which confirms the presence of PVA. Some of
the peaks of Zr at 28.01°,31.28°,50.20°,59.69°& 75.01° corresponding to the hkl values (-
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111),(111),(002),(131) and (220) respectively. This confirms the zirconium nanoparticles in the film.
These peaks are belonging to monoclinic structure. The peaks at 25.14°, 37.63°, 53.82°, 55.04" and 62.52°
corresponding to the hkl values (109),(004),(105),(211) and(116) which confirms presence of titanium
nanoparticles in pva-zr-ti nanocomposite. These peaks are corresponded to tetragonal anatase phase

structure.

[101)

(-112)

(200)
(022)
(131)

Intensity(a.u)
(101)

%(101)

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Diffracting Angle(26)

Fig(a).XRD Pattern of PVA-Zirconium doped Titanium nanocomposite
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Fig(b) XRD pattern of pure PVA

The XRD pattern of pure PVA polymer indicates a broad peak at position of 19.33° which is
corresponding to non-crystalline or amorphous behaviour of polymer .

Pos. [°2Th.] | Height [cts] FWHM Left d-spacing | Rel. Int. [%]
[°2Th.] [A]
19.3315 287.63 1.3776 4.59164 100.00
40.5145 13.81 3.1488 2.22663 4.80

EDX(ENERGY-DISPERSIVE X-RAY SPECTROSCOPY )

EDX analysis of the samples was carried out to determine the types of the elements present in the
compounds, the following graph confirms the elements present in the composite. EDX spectra of
nanocomposites obtained fromPva-ZrO2 doped with TiO2 nanoparticlesare shown and in Fig. As seen
from the EDX results, the peaks in the spectrum confirm the formation of fromPva-ZrO2 doped with
TiO2 nanocomposites in the presence of PVA and Zr. Carbon and oxygen peaks are due to polymer
matrix substrate. which confirms the presence of Nanoparticles
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Full scale counts: 3137
Integral Counts: 54153

Quantitative Results

Base(d)

Element Net Weight % Atom % Atom % Formula
Counts Error
C 17594 40.28 50.68 +0.38 C
O 6967 47.80 45.15 +0.57 O
P 3083 2.41 1.18 +0.04 P
Ti 5803 9.51 3.00 +0.04 Ti
Zr 5975 9.76 4.00 +0.03 Zr
Total 100.00 100.00

The quantitative results of EDX analysis described in the above table. it provides the details of elements
present in the Nanocomposite.

CONCLUSION

The Pva-ZrO2 doped with TiO2 nanocomposite film were produced using the solution method, As the
polymer had a wide range of application especially on the field of solar cell technology it is significant
to study about polymer nanocomposites and produce polymer nanocomposites in a natural and efficient
way. The above method provides a solution to produce nanocomposite in a simple and rapid way. The
characteristics of Pva-ZrO2 doped with TiO2 nanocomposite were studied using FTIR , EDAX and
XRD.FTIR studies shows the interaction between the -OH group of PVA with the Zr-O and Ti-O
through hydrogen bonding. XRD analysis gives the detailed information about the crystalline structure
of PVA, Zirconium and Titanium compounds. The EDX analysis gives data of the presence of PVA,
Zirconium and Titanium compounds. These results suggest the Ti and Zr can be used as effective
nanofiller for Polymer composite.
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