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ABSTRACT

Polyvinylidene fluoride polymer, LiCIO, salt doped PVDF polymer electrolyte, PVDF/PEG
polymer blend and LiCIO, salt doped PVDF/PEG polymer blend electrolyte thin films prepared via
solution cast method further these prepared thin films undergone with different characterization
techniques i.e. XRD, FTIR, SEM and DSC. XRD and SEM results confirmed that reduction in
crystalline nature of PVDF polymer in the presence of PEG polymer and LiCIO, salt. FTIR spectra
results revealed that complexation/interaction of LiCIO, salt with polymers. Shifting of glass transition
temperature (Tg) and disappearance of melting temperature(T, ) on the DSC curves of PEG and
LiClO, salt doped thin films was observed, which indicated that thermal stability and reduction in
crystalline nature of thin films. These results confirmed that LiCIO, salt doped PVDF/PEG thin films
may offer higher ionic conductivity for the fabrication of electrochemical cell.

Keywords: Polyvinylidene fluoride (PVDF), Polyethylene Glycol (PEG),
LiClO,, Amorphous nature, Conductivity.

INTRODUCTION

Polymers and their composite materials
are creating high demand in the electronic market
i.e. batteries, computers, portable electronic
televisions, telephones and etc'. For this purpose
some polymeric materials and their blends were
used by many researchers such as PEO, PAN,

PMMA and PVDF polymers?7, these polymers
may offer strength, stability, conductivity, etc for
electronic related applications. To modify the
properties of polymers, blending of two or more
polymers is one of the methods which also assist
to modify conductivity®® because enhancement
in conductivity was important to use polymers
and their blends in the said applications. The
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addition of electrolytes i.e. Li*, Na*, Mg*, etc to
the polymers also enhance ionic conductivity.
In the present study, PVDF and PEG polymers
and LiCIO, salt were used for the electrolyte
purpose. PVDF polymer itself crystalline in nature
which not suitable for electrical applications but
provides more strength to the electrochemical
cell; hence addition of PEG and LiCIO, salt leads
modification of crystalline nature to amorphous
nature as a result increment in ionic conductivity
may be achieved. To study the properties of
polymers and salt doped polymers without
difficulty which convert powder form to thin
films by using some methods. PVDF, LiCIO, salt
added PVDF, PVDF+PEG blend and LiCIO, salt
added PVDF+PEG polymer blend thin films were
prepared with the help of solution cast method
which is the easiest and best method to prepare
thin films, further modifications in properties of all
prepared thin films were investigated by different
characterization techniques.

EXPERIMENTAL

The two polymers i.e. PVDF (32000
MW), PEG (6000 MW) and LiCIO, (99% of purity)
salt were purchased from Merck company. To
dissolve polymers and salt THF solvent were used
which purchased from local made. The solution
cast method was obtained to prepare pure PVDF
polymer, PVDF+PEG blend and LiClO, salt doped
polymer blend thin films''2 in which different
compositions of PVDF, PEG polymers and LiCIO,
salt were mixed together shown in Table 1.

Table 1: Compositions of PVDF, PEG polymers
and LiCIO, salt

Sample code wt. %

PVDF PEG LiCIO, salt
(a) 100 0 0
(b) 70 0 30
(c) 70 30 0
(d) 70 30 10

These polymers and salt were dissolved
in DMF solvent and further stirred using magnetic
stirrer until to get homogeneous solution. To
evaporate excess solvent in homogeneous solution
which was shifted to glass Petri dish and kept inside
a heat Owen at temperature of 80°C for 4 h and
further observed that a uniform thin film of thickness
1mm was produced. The prepared thin films were
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examined using different characterization techniques
such as XRD, FTIR, SEM and DSC and the results
were reported.

RESULTS AND DISCUSSION

X-ray diffraction (XRD)
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Fig. 1. XRD spectra of (a) pure PVDF polymer, (b)
PVDF+LiCIO, (70:30) salt doped polymer, (c) PVDF+PEG
(70:30) polymer blend, (d) PVDF+PEG+LiCIO,
(70:30:10) electrolyte thin films

The results of XRD spectra of prepared thin
films have been revealed that structural modification
from one phase to another phase. The XRD spectra
of all the prepared thin films were recorded at room
temperature and shown in Fig. 1. The sharp and
high intense peak of pure PVDF was recorded at
26=20.20 and other two small and sharp peaks
also were recorded at 26=18.50 and 26=26.20
(Fig. 1(a)), these peaks related to crystalline phase
of PVDF polymer''4. Even though characteristic
peak of 26=20.20 of PVDF thin film still present
and remaining peaks were some disappeared and
some were shifted with addition of LiCIO, salt and
PEG polymer (Fig.1(c-d)), which exposed that slight
phase modification of PVDF thin film from crystalline
to amorphous in the presence of LiClO, salt and
PEG polymer. The decrease in crystalline nature of
PEG and LiCIO, salt presented PVDF leads towards
better thermal stability and higher ionic conductivity.

Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy
is a useful technique to identify chemical groups
and phase modification regions in the polymer
materials'®'®. FTIR spectra results of prepared
thin films from wave number range of 500 cm"'
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to 4000 cm™ as shown in Fig. 2. The occurrence
of vibrational bands corresponds to pure PVDF
polymer 820 cm™ (B phase crystalline) i.e. CH,
rocking and 420 cm”, 790 cm™ and 1080 cm™,
1110 cm™ (o phase crystalline)'”. The symmetric
and asymmetric vibrational bands of CH, bonds
of PVDF polymer thin film were observed at
2995 cm™ and 3020 cm™®. It was observed that
some vibrational bands were shifted, some known
peaks were disappeared and some new peaks were
appeared by the addition of LiClO, salt and PEG
polymer to PVDF polymer, which indicated that
interaction/complexation of polymers and salt and
also evident that existence of amorphous nature in
the presence of salt.
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Fig. 2. FTIR spectra of (a) pure PVDF polymer, (b)
PVDF+LiCIO, (70:30) salt doped polymer, (c) PVDF+PEG
(70:30) polymer blend, (d) PVDF+PEG+LiCIO, (70:30:10)

electrolyte thin films

Scanning electron microscopy (SEM)

The top surface SEM images of pure
PVDF, PEG and LiCIO, salt doped polymer thin films
shown in Fig. 3. The surface in the SEM image of
PVDF thin film appeared as rough and dominated
with spherulitic crystalline structure' which also
confirmed with XRD results (Fig. 3(a)). With the
addition of PEG and LiCIO, salt to PVDF polymer,
appearance of pores and their sizes increases
which established reduction in crystalline nature
or increase in amorphous content of PVDF
(Fig. 3(b-d))?°. This amorphous nature of polymer
blend thin films create path for mobility of ions
throughout the polymer chains which leads better
ionic conductivity side?'.

Differential Scanning Calorimetry (DSC)
The variation in melting temperature
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(T,) and glass transition temperature (Tg) of PVDF
polymer thin film in the presence of PEG and LiCIO,
salt has been investigated via DSC technique and
DSC thermo grams of all prepared thin films shown
in Fig. 4. The glass transition temperature (Tg) of
pure PVDF thin film observed at 148°C but inability
of finding the melting temperature (T _) on the curve
which may be evident to the crystalline nature. It
was observed that slight shifting of glass transition
temperature (Tg) of PVDF towards lower temperature
side with the addition of PEG and LiClO, salt, which
indicated that compatibility of polymers and interaction
of salt with polymers?2. The disappearance of melting
temperature (T ) also, depicted that existence of
amorphous nature by the presence of PEG and LiCIO,
salt with PVDF polymer.

Fig. 3. SEM images of (a) pure PVDF polymer, (b)
PVDF+LiCIO, (70:30) salt doped polymer, (c) PVDF+PEG
(70:30) polymer blend, (d) PVDF+PEG+LiCIO, (70:30:10)
electrolyte thin films
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Fig. 4. DSC thermo grams of (a) pure PVDF polymer, (b)
PVDF+LiCIO, (70:30) salt doped polymer, (c) PVDF+PEG
(70:30) polymer blend, (d) PVDF+PEG+LiClO4 (70:30:10)
electrolyte thin films
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CONCLUSION

Solution cast method was used to prepare
pure PVDF polymer, LiCIO, salt doped PVDF
polymer electrolyte, PVDF+PEG polymer blend
and PEG, LiClO, salt doped PVDF polymer blend
electrolyte thin films. Modifications in different
properties of prepared thin films were examined
with the techniques of XRD, FTIR, SEM and
DSC. XRD, SEM and DSC results confirmed that
reduction in crystalline nature of PVDF polymer
in the presence of PEG polymer and LiCIO, salt.
FTIR spectra results revealed that complexation/
interaction of LiClO, salt with polymers. The
reduction in crystalline nature or increase in

amorphous nature of PVDF polymer in the presence
of PEG polymer and LiCIO, salt may be provide
better ionic conductivity for the Li ion batteries and
further work is in progress will be reported.
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