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ABSTRACT

The effect of ZrO; filler on the electrical conductivity of the polymer electrolyte (PAN+NaF) was studied. The
nanocomposite polymer electrolytes with various compositions of Polyacrylonitrile (PAN), sodium fluoride (NaF)
salt, Zirconium oxide (ZrO,) and plasticizing solvents dimethyl formamide (DMF) and ethylene carbonate (EC) are
synthesized by solution casting technique. The free-standing, translucent, stretchy with good mechanical strength
and 136 micron thick films are formed. The promising structural and complexation changes in polymer electrolytes
have been explored by X-ray diffraction (XRD) and Fourier Transforms Infrared (FTIR) techniques. The X-ray
diffraction patterns of polyacrylonitrile, NaF, and ZrO, ceramic filler, indicates the decrease in the degree of
crystallinity with increasing concentration of the filler. The surface morphology analyzed with the help of Scanning
Electron Microscope (SEM).The electrical properties, i.e., the ionic conductivity of solid polymer electrolytes have
been measured as a function of temperature and composition. The maximum ionic conductivity was observed for 4
wt% of ZrO, at room temperature (303 K) is about 3.69 x 10*S/cm and 4.96 x 10~} S/cm at 373K.
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INTRODUCTION

Developments of Polymer Electrolytes have given a new dimension to the present era. These Polymer
Electrolytes are known so far as a class of heat sensitive, flexible, electrically insulating amorphous
materials. Electrically Conducting Polymer electrolytes appear to be ideal candidates for various
applications like electrochromic devices. The properties of polymer composites have been studied by
various researchers?®. The addition of fillers into the polymer matrixes improves both the mechanical
strength of the polymer'®and their ionic conductivities'!. The additives used include SiO,'?, ZrO,",
TiO,!, Ce0,", ALLO;' etc. Polyacrylonitrile (PAN) is unique among conducting polymers in its wide
range of electrical, electrochemical and optical properties as well as good stability. Polyacrylonitrile
(PAN) can be doped with sodium fluoride (NaF) salt and ZrO; nanofillers by electrochemical methods and
exhibit enhancement of conductivity.

The aim of the present work is to understand and prepare to conduct Gel Polymer Electrolyte materials
having improved conductivity so that they can be used in electrical and electronic devices. We have
focused on the novel PAN (Polyacrylonitrile) and characterized it for structural and electrical properties to
validate the theoretical results. Very sophisticated experimental tools have been used for characterization
of these materials. In the present work, the concentration-effect of ZrOsnanoparticles in the PAN-NaF
system and size effect of ZrO;nano particles in the PAN-NaF system to improve the structural,
morphological and ionic conductivity of these polymer electrolytes have been reported.
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EXPERIMENTAL

Preparation of plasticized Nanocomposites Polymer Electrolytes

Polyacrylonitrile (PAN) with 1, 50,000 g/mol (MW) was used at as host polymer, Sodium Fluoride (NaF)
as the dopant salt, Ethylene carbonate (EC) was used as a plasticizer in the electrolyte, ZrO, was used as
nanofiller. These solvents were not required further any purification. For The preparation of Polymer
electrolytes dissolving of polyacrylonitrile and sodium fluoride (NaF) salt with dimethylformamide
(DMF). In the magnetic stirrer, the solution can be stirred for two hours until we get a homogeneous gel
formation solution then after the plasticizer ethylene carbonate (EC) was added to this solution and stirred
for about two more hours. The nanofiller ZrO, was added to this obtained solution and stirred for 48
hours so as to make the nanofiller to disperse homogeneously in the polymer matrix. The resulting
homogeneous mixture was then cast onto a glass plate and evaporates this solution at room temperature in
a dust-free environment. Finally, we get mechanically flexible and self-standing Gel polymer electrolyte
membranes. The samples consisting 1wt% of ZrO» (Z1),2 wt% of ZrO, (Z22),3 wt % of ZrO, (Z3) and 4
wt% of ZrO, (Z4). The prepared samples had average thickness was 136um.

Materials Characterization

The aim of the present work is to understand and prepare to conduct Gel Polymer electrolyte materials
having improved conductivity with the addition of nanofillers so that they can be used in electrical and
electronic devices. We have focused on the novel 70PAN-30NaF with the addition of ZrO;nano fillers.
These membranes have been characterized several techniques such as X-ray diffraction (XRD), Fourier
Transformation Infrared (FTIR) spectra, Scanning Electron Microscopy (SEM) and A.C Conductivity
studies. The XRD studies were done for an obtained polymer with Bruker D8instrument with CuKa
radiation for 20 angles between 10°t080°C. The Fourier transformation infrared (FTIR) spectra of these
polymer films have been recorded using Perkin Elmer Alpha-E spectrophotometer on the range 400-
4000cm™.Scanning electron microscope (SEM) has been analyzed with FE-SEM, Carl Zeiss, Ultra 55
model for the identification for samples surface topography, composition, and other surface properties.

Fig.-1: Prepared 70PAN-30NaF- ZrO, complexed Gel Polymer Electrolyte Film

Table-1: Various compositions of filler incorporated GPEs.

Sample code Composition (mol %)
PAN NaF DMF+EC V4{0))
Pure 700mg 300mg 20ml+880mg 0
Z1 700mg 300mg 20ml+880mg 1
72 700mg 300mg 20ml+880mg 2
73 700mg 300mg 20ml+880mg 3
74 700mg 300mg 20ml+880mg 4
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RESULTS AND DISCUSSION

XRD STUDIES

Figure-2 shows the XRD spectra of 70PAN: 30NaF and different compositions of ZrO» (1%, 2%, 3%
and4%) nano ceramic filler dispersed nanocomposite polymer electrolytes films. From These XRD results
of 70PAN:30NaF shows a broad peak between 26 =10°to 80° which can be attributed to the amorphous
nature of the film. When nano ceramic filler is added to 70PAN:30 NaF complexes, the intensity of broad
peak decreases which implies that the PAN matrix has been amplified the amorphous regions. As the wt%
of ZrOznano filler increases, the intensity of the PAN diffraction peak weakens, signifying that the
interaction between PAN chains and nanofiller particles leads to decrease of the intermolecular interaction
of PAN chains, thus consequently increase of the amorphicity of PAN. This facilitates considerable
motion of polymer chains in the amorphous phase!’. The observed peaks are well matched with the
PCPDF File No. 830939 and 830941, which confirms ZrO- is a monoclinic system. The diffraction peak
becomes lower and broader; the polymer electrolytes have more amorphous nature, hence enhancing the
ionic conductivity'®!°, Due to the enhancement of nanofillers content, the peaks corresponding to the
nanofiller become prominent. In the composite, some of the crystalline peaks pertaining to ZrO, are found
to disappear and some peaks shifted to indicate the involvement of nano ceramic filler particles in
disrupting the structure. Persistence of crystalline peaks corresponding to nano ceramic filler in the
composite polymer films suggests the presence of undissolved nanofiller particles in the polymer matrix.
These peaks are attributed to nano ZrO; particles as a separate phase?’. Similar behavior was observed by
other researchers?!"2,
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Fig.-2: XRD peaks of (a) 70 PAN: 30NaF; (b) 70 PAN: 30NaF:1%ZrO»; (c) 70 PAN: 30NaF:2%Zr0O,;(d) 70 PAN:
30NaF:3%Zr0,, (e) 70 PAN: 30NaF:4%ZrO.

FTIR STUDIES

FTIR spectroscopy is a powerful tool for characterizing the detailed structure of polymer films. Fig.-3
shows the FTIR analysis of 70PAN:30NaF with nanofillers of ZrO, dispersed with 1, 2, 3, 4 wt% in the
range between 450 and 4000 cm’. From these results, the vibrational bands assigned for different
chemical bonds of 70PAN:30NaF doped with ZrO; nanofillers Gel polymer electrolytes are given. The
absorption bands at 2928 cm!, 1260 cm!, 1399 c¢cm!, 1451 cm’!, are assigned to C-H stretching, C-H
wagging, C-H partial bending, C-H bending of pure PAN. The absorption band observed at 2242 cm'can
be assigned to the most characteristic band of nitrile group C=N stretching of PAN?, The absorption band
observed at 1746 cm'can be assigned to C=O stretching of EC and DMF*. The position of these C=N
and C=0 peaks have not been changed with the dispersion of ZrO, but intensities have been decreased
compared with that of PAN: NaF. It is observed from the spectrum that there is no appreciable change in
the spectral position of these bands. The intensities of these peaks have been decreased and also
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broadened with the addition of ZrO,. These results make that no distinct changes in the peak positions of
the PAN complexes have been observed after dispersing the nano ZrQO; filler particles.
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Fig.-3: FTIR of 70PAN:30NaF, Z1, Z2, Z3 and Z4 Samples.
SEMSTUDIES

The prepared samples were characterized by scanning electron microscopy (SEM) in order to study the
surface morphology of gel polymer electrolytes. Fig.-4. (a-e) shows that the SEM images of the
70PAN:30NaF :( 1-4 wt %) ZrO-:nano composite polymer electrolyte films with different magnification
ranges. From these images, it was observed that surface morphology varies considerably when nano ZrO,
filler is incorporated in the complexed polymer matrix. The surface morphology of the 70PAN:30NaF and

1-4 wt% of ZrO, complexed gel polymer electrolyte film are smooth and homogeneous which indicates
that the amorphous nature.
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Fig.-4: Morphological surfaces SEM of (a) 70 PAN: 30NaF; (b) 70 PAN: 30NaF:1%ZrO»; (c) 70 PAN:
30NaF:2%Zr0,; (d) 70 PAN: 30NaF:3% ZrO»;(e) 70 PAN: 30NaF:4%ZrO,,

The surface morphology of the nanocomposite polymer films shows lumps of ZrO, on the membrane
surface and exhibit crystalline structure embedded in the polymer matrix®. The dark and smooth
background corresponds to the amorphous nature of the host polymer electrolyte. It indicates amorphous
nature which is correlated with the results of XRD.

Conductivity Analysis

The prepared Gel polymer electrolytes conductivity (7OPAN —30NaF: (1-4 wt %) ZrO,measured at room
temperature .Jeon et al.? reported that the enhancement of conductivity observed with the addition of low
salt concentration, but the conductivity to decrease with the addition of more salt. McCollum et al.?’state
that the conductivity increases initially but at the high amount of salt concentrations added, the
conductivity decreases because of the increasing influence of ion pairs, which reduces the overall
mobility and the number of effective charge carriers. From the Fig.-5 the conductivity enhanced with
increasing the nanofiller content. The dc conductivity values obtained from conductance spectra have
been found to coincide with the bulk conductivity values obtained from the impedance plot. The
maximum ionic conductivity has been observed for 4 wt% of ZrO, at room temperature (303 K) is about
3.69 x 10S/cm and 4.96 x 107 S/cm at 373K.
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Fig.-5: Effect of wt% of nanofiller content on the conductivity of 70PAN-30NaF at room temperature (303K).
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Fig.-6: Conductance spectra of 70PAN: 30NaF with different wt% of nanofiller ZrO» at 303K.
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Fig.-7: Conductance spectra of 70PAN: 30NaF with 4 wt% of nanofiller ZrO, at different temperatures.

Figure-6 represents the conductance spectra polymer electrolytes for different (1-4 wt %) ZrO; of
nanofillers. Fig. 7 shows the temperature-dependent conductivity of the polymer electrolytes with the best
ionic conductivity in each system studied through impedance measurements for temperatures ranging
from 303 K to 333 K. Miyamoto and Shibayama *explained that the ionic conductivity increased with
increasing temperature as a result of the free volume model where, as the temperature increases, the
polymer electrolyte can expand easily and produce free volume. Therefore polymer segments can move
into the free volume, causing it to increase *°. Due to this one, the ionic conductivity increased due to
polymer segmental mobility.
CONCLUSION

The Gel polymer Electrolyte membranes 70PAN-30NaF with different compositions of nanofiller ZrO-
were prepared by solution casting method and characterized. The structural complexation and salt
complexation were confirmed by XRD analysis, the functional groups observed by FTIR technique and
the surface morphology studies of membranes given by SEM studies. The real part of ac conductivity
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spectra of the materials obeys Jonscher power law at higher frequency whereas dispersion in lower
frequency confirms the presence of the electrode polarization effect. It has been observed that an increase
of salt concentration reduces the ionic conductivity relaxation time, and hence, increases ionic
conductivity. The maximum ionic conductivity has been observed for 4 wt% of ZrO, at room temperature
(303 K) is about 3.69 x 10*S/cm and 4.96 x 10 S/cm at 373K.The temperature dependent ionic
conductivity reveals the Arrhenius type thermally activated process. Finally, the present work the
concentration-effect of ZrO;nano particles in the PAN-NaF system and size effect of ZrO-nano particles
in the PAN-NaF system to improve the structural, morphological and ionic conductivity of these polymer
electrolytes have been reported.
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Fig.-8: Temperature dependence of the ionic conductivity of 70PAN: 30NaF with different wt% of nanofiller ZrO,.
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