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Abstract

PVP based polymer electrolyte films are prepared by dissolving sodium Keywords: Solid polymer electrolyte,
acetate with different wt% compositions by using solution cast Solution cast technique, DSC, Transport
technique. Differential scanning calorimetry is used to identify the properties and Discharge studies
phase changes of the prepared samples. The lowest decrement in T,

occurs at 34.15 °C for (80:20) wt% compositional ratio due to *Correspondence

lubricating effect. The maximum ionic conductivity has been obtained Author: M.C. Rao

by increasing the wt% composition upto (80:20) wi%. Transport Email: raomc72@gmail.com
properties state that the charge contribution is due to ionic with lower

contribution of electrons takes place in these polymer electrolyte

systems. Finally a polymer battery has been fabricated from the

prepared films and the discharge parameters are studied.

Introduction

In the present scenario, an attractive attention has been made towards solid polymer electrolytes due to their vast
advantages and low production cost. Solid polymer films have taken a revolutionary development in the fields of
batteries, fuel cells and humidity sensors [1]. Solid polymer films are prepared by doping inorganic salt in the host
polymer. Due to the advantages of solid polymer electrolytes, they have taken a new development role in the
application field of energy storage devices. The physical and electrochemical studies of polymer electrolytes bring a
new revolution in the fields of energy storage applications [2]. The work on these polymer electrolytes, has received
great interest which leads a new way to the researches for the development of applications of new energy devices
[3, 4].

Polyvinyl pyrrolidone (PVP) was chosen because of its wide properties, besides it possesses high performance in
electrochemical stability [5, 6]. Most of the researchers have focused on PVP based solid polymer electrolytes
because it shows good electrochemical performance of the cell such that it can be used in many potential applications
[7]. It is also used as an electrochromic display material in microelectronics as well as in pharmaceuticals as a binary
agent [8, 9]. Inorganic salt like potassium acetate is used as dopant material to the host polymer in order to enhance
the ionic conductivity. Rao et al. presented their results in their earlier studies [10-36]. In the present investigation,
solid polymer films were prepared with different wt% composition ratios of P\VVP-CH;COONa in order to improve the
ionic conductivity of the composite films.

Experimental

All the chemicals such as PVP polymer with an average molecular weight (M.W: 36,000), sodium acetate
(CH3COONa) 98% were used for the preparation of solid polymer films. All the chemicals used in the present
investigation were purchased from Sigma Aldrich, India. Double distilled water was used as a common solvent in this
process. All the chemicals were dried under vacuum oven at 40 ° C for 1 hour. Later the precursor materials of PVP
polymer and sodium acetate were weighed properly in different wt% concentrations PVP: x wt% CH;COONa (where
x =5, 10, 15 and 20). This homogeneous mixture was added to 20 ml double distilled water and kept continuous
stirring for 24 Hrs. Later it was poured into polypropylene dishes and allowed to evaporate the solution slowly in a
hot air oven to remove the moisture and solvent solution. Finally the obtained samples were placed in vacuum
desiccator.
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Results and Discussion
Thermal analysis

Thermal analysis of the prepared films with different wt% percentage ratios were shown in Figure 1. Figure shows
that the glass transition temperature (Ty) of pure PVP is found at 35.75 °C, which clearly indicates the phase
transformation point.
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Figure 1 DSC thermograms of PVP-CH;COONa polymer electrolyte films for different wt% ratios

As increasing the wt% of CH;COONa salt to the PVP polymer, the position of the T is shifted towards lower
value. The shift in the glass transition temperature is found to be 35.64, 35.33, 35.14 and 34.15 °C. It is observed
from the figure that that the DSC curves exhibit only single T, value. It may be due to the complete soluble of the salt
in the host polymer matrix which leads to increase the amorphous nature as increasing the wt% of salt in the polymer.
This decrement in Ty is due to the interaction of CH;COONa salt with the host polymer. The decrease in T4 helps to
soften the polymer backbone due to plasticization effect and increase its ions. While increasing the temperature
through the material, pin holes are formed through the matrix where the ions are exhausted freely through the holes
[37, 38]. When compared with the wt% compositional ratios, (80:20) wt% ratio has observed the lowest T, value at
34.15 °C. At the lowest T4 point the crystalline nature turns in to amorphous phase [39, 40].

W1t% composition studies

The logarithmic value of dc conductivity with different wt% ratios, with respect to concentration of CH;COONa in
PVP at different temperatures is shown in Figure 2.
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Figure 2 Wt% Composition plots of PVP-CH;COONa polymer electrolyte films for different wt% ratios
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From the conductivity values of PVP-CH;COONa, it is noticed that the ionic conductivity for pure PVP is found
at the order of ~10® S.cm™ at room temperature. By increasing the salt concentration, the values sharply increases to
~10” S.cm™ for (80:20) wt% composition sample. This variation is due to the state of change from semicrystalline to
amorphous phase such that the ionic conductivity increases abruptly as increasing the wt% composition in the
polymer.

Transference number

The transport properties of PVP-CH;COONa electrolyte system are calculated by using Wagner’s D.C. Polarization
technique. When a constant of DC voltage (1.5 V) is applied around the SPE of a configuration of Na(A)/polymer
electrolyte/C of a polymer battery, then the obtained DC current is screened and noted with respect to time. Similar
procedure is applied and calculated for other samples. The transport properties of ionic and electronic currents with
respect to time are calculated by following equitation’s [41],

t _ Tion I —lge t = Ogle lele
c i s i
T T - T T (1)

Where, “iT” is the initial current and “ie|e” is the final residual current.

The current vs time plot of PVP-CH3;COONa polymer electrolyte films for different wt% ratios is shown in
Figure 3. From the plot, it is observed that the current is suddenly decreased as the time increases and after steady
state, long time of polarization takes place in the samples. This decrement may be due to the flow of current across
the electrode interfaces [42, 43]. From the calculated data, it confirms that among all the stichiometric ratios
of polymer films for (80:20) wt% have the high ionic charge and minute number of transfer of electrons takes place.
The transport properties of all ratios of PVP-CH;COONa solid polymer electrolytes and their data are presented in
Table 1.
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Figure 3 Transport properties of PVP-CH;COONa polymer electrolyte films for different wt% ratios

Table 1 Transference number of PVP-CH3;COONa solid polymer films
Solid polymer films tion tele
PVP-CH;3;COONa (95:5) 0.94 0.06
PVP-CH3;COONa (90:10) 0.96 0.04
PVP-CH3;COONa (85:15) 0.97 0.03

PVP-CH,COONa (80:20)  0.98 0.02

Discharge studies

Discharge studies were measured by fabricating solid state electrochemical cells using the prepared electrolyte films
of different compositions (95:5), (90:10), (85:15) and (80:20) as shown in Figure 4. The measurements were done
with the configuration of Na(anode)/[PVP CH3;COONa]electrolyte/(l,+C+electrolyte) for a constant load of 100 kQ
[44, 45]. Initially a sharp decrease in the voltage is observed, it might be due to the polarization or the formation of a
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thin layer of sodium metal at the electrode-electrolyte interface [46, 47]. When compared with the other
compositional ratios of the cells, PVP-CH;COONa (80:20) wt% ratio of the cell exhibits long durability with better
performance upto 120 Hrs. Different cell parameters of the fabricated cell have been calculated and the obtained data
is presented in Table 2.
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Figure 4 Discharge studies of PVP-CH3;COONa polymer electrolyte films for different wt% ratios

Table 2 Cell parameters of PVP-CH;COONa solid polymer films

Cell parameters PVP-CH;COONa (80:20)
Cell weight (9) 1.86

Area of the cell (cm?) 1.41

Open circuit voltage (OCV) 2.60

Discharge time (Hrs) 120

Current density (uA/cm?)  210.45

Discharge cell (uA/h) 1.50

Power density (W/Kg) 0.31

Energy density (Wh/Kg) 67.51

Conclusion

Solid polymer films have been prepared with different wt% ratios of P\VP-CH;COONa by solution cast technique.
The lowest decrement in T, occurs at 34.15 °C for (80:20 %) wt% compositional ratio due to lubricating effect.
Transport properties state that current is decreased as the time increases and after steady state, long time of
polarization takes place in the samples. The majority charge of ions is found to be 0.98 for the compositional ratio of
80PVP:20CH3;COONa. Finally a solid polymer battery has been fabricated from the prepared films and the discharge
characteristics were studied for a constant load of 100 kQ.
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