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Abstract: Solid polymer electrolyte films using polyvinyl alcohol (PVA) as polymer and sodium bicarbonate
(NaHCO3) as dopant has been prepared at different wt% ratios by solution cast technique. The films have been
characterized using analytical techniques such as X-ray diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM). The complex formation between PVA and
NaHCO3  has been inferred from the FTIR data while semi-crystalline nature of the polymer electrolytes and the
increase of amorphous nature with increase in the wt% of NaHCO3 in the films  and also the homogenous
distribution of NaHCO3 in  the host  polymer PVA, have been revealed by XRD studies.  The variation of  film
morphology has been examined by SEM and it indicates some uniformness of surfaces  but with different
degrees of roughness as the wt% of NaHCO3 increases.  The  conductivity  Vs  temperature  plots  for  the  films
have shown an increase in conductivity with increase in wt% of NaHCO3 concentration and also increase with
the temperature. The maximum ionic conductivity has been found to be 2.37×10-7S/cm at 303K and 1.20×10-5

S/Cm at 373K for 70:30 wt% film.  Further, the activation energy is decreasing with the increase in the % of
NaHCO3 in  the  Polymeric  films.  It  is  proved  from  the  transference  number  data  that  the  conduction  is
predominantly due to Na+ ions. Using these doped polymeric films, a solid state electrochemical cell has been
fabricated and the cell parameters such as open-circuit voltage (OCV), short-circuit current (SCC), energy
density and power density has been calculated and compared with the data from the earlier reports.
Keywords: Solid polymeric electrolyte; Doped PVA; Ionic Conductivity; FTIR-XRD-SEM studies;
Electrochemical Cell Applications.

1:  Introduction

Recent research indicates that much effort is being envisaged in developing new energy storing devices
in view of day by day increasing in demand for power but depletion in naturally existing resources to meet the
required demand. In this aspect Energy storage devices are assuming importance.

As is known that in the energy storage devices, electrolyte which carries electrical charges are vital
component and generally liquid or solid electrolytes are used.  Solid electrolytes are preferable over liquid
electrolytes as they are endowed with chemical as well as thermal stability, sustainability and longitivity and
non-leakage. In this concept, polymers or blends of polymers either complexed or doped with inorganic salts or
alkalies are being probed for their utility in high performance energy storage devices such as batteries, fuel cells
and super capacitors for enhancing their performance 1. These polymer electrolytes show ample high
conductivity for an optimum amount of the dopant 2,3.

In  this  context,  PVA  complexed  electrolytes  are  interesting  as  the  polymer  is  easy  to  prepare  and
produce excellent films with high tensile strength, chemical stability, non/less-permeability for many solvents
and more over it is non-toxic. These features are attributed to the availability of functions groups such as –OH,
C=O,  COOH    on  the  surface  of  the  film.  There  are  reports  in  literature  using   PVA  blended  with  other
polymers or doped with some electrolytes of diverse nature 4-32 . When Alkali halides such as LiCl, NaF, NaCl,
KCl, CsCl, KBr, and KI have been doped in PVA, there has been a marked increase in the crystalinity of the
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polymeric layer by a factor of 1.3 to 1.6. 4,5. Balaji Bhargav et.al6 have found that when NaF doped in PVA, the
conductivity has been found to be increasing with the increase of dopant concentration as well as temperature.

Several combinations of PVA with acids or salts such as phosphoric acid (H3PO4), hypophosphorous
acid (H3PO2), heteropolyacid, dipotassium phosphate (K2HPO4), and sulfosuccinic acid have been studied so as
to improve the proton conductivity of the PVA 7–15. The addition of ceramic filler, TiO2, into the PVA polymer
matrix, has been found to reduce the glass transition temperature (Tg) and the crystallinity of the polymer, and
also allow the increase the amorphous phases of polymer matrix that results in the increase in the ionic
conductivity.

There are various other ceramic fillers, such as Al2O3
16–22, SiO2

23–25, ZnO 26, TiO2
27, MgO and BaTiO3

28, and ZrO2
29, 30 have been also studied. When PVA is blended with another polymer Chitoson, the

conductivity of the polymer electrolyte has been found to be improved 31.  When the blend of  PVA and PVP
(1:0.5 w/w) is doped with KOH (8 M), the maximum conductivity up to 0.53 S/cm at room temperature has
been achieved 32. Thus,   by using the doped polymers as polymeric electrolytes, the conductivity properties of
the polymer may be altered and this phenomenon is of immense use in developing electrochemical cell and this
aspect of research is being actively being pursued throughout the Globe.

In the present work, thin-films have been prepared by doping NaHCO3 in PVA and the resulting films
are characterized using techniques like FTIR, XRD and SEM. Further, their conducting properties have been
investigated to find their suitability in developing an efficient electrochemical cell.

2: Materials And Method

A.R. Grade LOBA chemicals of PVA (molecular weight 85,000) and NaHCO3 were used in this work.

There are many techniques available for making films such as Sputtering, hot pressing method, flash
evaporation method and Solution casting technique 33.  Of  these,  Solution  casting  technique  is  the  best  and
easiest   technique   to get a good electrolyte homogeneous film. Hence we adopted this technique in this work.

Films of various compositions of PVA and NaHCO3 as  detailed  in  the  Table  1,  were  prepared  by
dissolving the requisite amounts of the said chemicals in the triple distilled water and then the solution was
stirred for 48 hours to get homogeneous solution. The resulting homogeneous solution then was cast onto
polypropylene dishes and dried slowly at room temperature for 48 hrs and then the resulting films were vacuum
dried.

The dried thin-films formed were peeled and characterized with FTIR, XRD and SEM. The FTIR
Spectra were recorded with the help of Perkin Elmer FTIR Spectrophotometer in range 4000 to 500 cm-1 using
KBr pellet method. The spectra obtained was depicted in the Fig 1.

XRD Bruker D8 instrument with Cu Kα radiation for 2θ angles between 100 to 800 C was used to record
spectra of the films and  the obtained spectra was presented in  Fig 2.

The Scanning Electron microscope (SEM) is one of the most versatile instruments used for the
examination and analysis of the microstructure morphology. In this work, the microphotographs’ of the samples
were recorded using FE-SEM, Carl Zeiss, Ultra 55 model and were presented in the Fig. 3.

  The conductivities of the films were measured using Lab made conductivity set up 34 in the temperature
range 303-373 K.  The effect of temperature and salt percentage on the conductivity of PVA as well as blends
was studied and presented in the Fig. 4 and 5 respectively.

  The transference number measurements were made using Wagner’s polarization technique 35 and
Watanbe technique 36. Electrochemical cells were fabricated with the configuration of “Na (anode)/polymer
electrolyte/(I2 +  C  +  electrolyte)  (cathode)”.   The  discharge  characteristics  like  open  circuit  voltage  (OCV),
short circuit current (SCC), power density etc. were monitored under a constant load of 100 KΩ.
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3: Results and Discussion

A: FTIR Analysis:

FTIR is  a  promising   instrument  which is  useful  to  find the nature of  functional  groups and also the
formation of any new bonds on the surface of the polymeric blends. In the present study the pure PVA and its
blends with NaHCO3 at varying concentrations, were probed for FTIR spectra and they were presented in Fig.1.

Fig. 1:   FTIR Spectroscopic graphs (a) Pure PVA (b) PVA+NaHCO3 (90:10) (c) PVA+NaHCO3
(80:20) (d)PVA+NaHCO3 (70:30)  (e) NaHCO3.

It is observed form the spectra that the wide band in the region 3596-2854 cm-1 of pure PVA spectra  is
pertaining to the  intermolecular hydrogen bonded O-H stretchings in pure PVA. This band was found to be
shifted to 3578-2843 cm-1, 3630-2936 cm-1 and 3778-2984 cm-1 in the blends respectively of 10%, 20% and
30% of NaHCO3 and PVA.  Further, the C-H stretching frequency  at 2787 cm-1 in the pure PVA was shifted to
2718, 2821 and 2993  cm-1 in the blends as the concentration of NaHCO3  was increasing progressively to 10%,
20% and 30% respectively. These shifts in the bands may be attributed to the complex formation between PVA
and NaHCO3.

B: X-Ray diffraction analysis:

The structural characteristics of pure PVA and blends of NaHCO3 and PVA were evaluated using X-ray
diffraction studies and were shown in Fig. 2.

Fig.2:  XRD plots of (a) Pure PVA (b) PVA+NaHCO3 (90:10) (C) PVA+NaHCO3 (80:20) (d) PVA+NaHCO3 (70:30)
(e) NaHCO3.
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It can be noted from the Figure that the diffraction peaks for pure PVA appeared at 19.41, 22.88’ and
40.87o. The peak at 19.41 is the characteristic peak for orthorhombic lattice centered structure indicating the
semi-crystalline nature37. This peak intensity is found to be decreasing as the concentration of NaHCO3 is
increased progressively in the blends.  This indicates the decrease of crystalline with simultaneous increase in
amorphous nature with the increase in the % of NaHCO3 in the blends.  These observations are in tandem with
the observations of Hodge et al. 38 who established a correlation between the intensity of the peak and the
degree of crystallinity. Moreover, the absence of any sharp peak in the blends is suggesting the dominance of
amorphous phase in the blends 39.  This decrease in the degree of Crystallinity of the polymers of PVA
complexed with NaHCO3, imparts a good ionic diffusivity in the polymers that results in the enhanced ionic
conductivity as is being generally found in amorphous polymers having flexible backbone 2.

Further, the absence of peaks pertaining to NaHCO3 at 18.34, 30.17, 34.92 and 57.17o in the blends
indicate the complete dissolution and homogenous distribution of NaHCO3 in the PVA.

C: SEM Analysis::

Scanning electron microscopy (SEM) is frequently used to understand the compatibility  between
dissimilar components of the polymer electrolytes through the perception of phase separations and interfaces
40,41. The compatibility between the polymer matrix and inorganic dopants has great influence on the ionic
conductivity, transport and mechanical properties of the polymeric electrolyte systems. The morphology of pure
PVA, NaHCO3 complexed PVA polymeric electrolyte systems  were studied using SEM technique and these
SEM photographs were shown Fig 3 .

Fig.3:   SEM photographs of   (a) Pure PVA (b) PVA+NaHCO3 (90:10)   (c) PVA+NaHCO3(80:20) (d)PVA+NaHCO3
(70:30).

They were charactrized with some uniformness in surfaces and with different degrees of roughness and
further,  the roughness was found to be increasing with increase salt concentration. This reveals the phase
segregation phenomenon.

D: Conductivity Analysis:

  The conductivity of pure PVA and its blends with NaHCO3 was found to be increasing with the
increase in Temp. and wt% of salt  Fig No. 4 & 5
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Fig.4:  The temperature dependence of dc conductivity of (a) Pure PVA (b) PVA+NaHCO3 (90:10) (c) VA+NaHCO3
(80:20)( d )PVA+NaHCO3(70:30)

Fig.5:  Composition dependence of conductivity in PVA+NaHCO3 Polymer electrolyte systems at
different temperatures

  In the case of pure PVA the conductivity was increased from 5.59 x 10-10s /cm at 303 K  to 1.38 x 10-8

s/cm at 373 K while its blends with NaHCO3, the increase was found to be from  1.4.9 x 10-7 to 2.62 x 10-6 , 1.71
x 10 -7  to 4.46 x 10-6 and  2.37×10-7 to  1.20 x 10-5 s/cm  with 10%, 20% and 30% of NaHCO3  in the blends
respectively. It is interesting to note that the increase is 2 orders in the case of pure PVA and 30% blend PVA
and NaHCO3 while in the case of other blends, the increase is in between 1 and 2 orders.

  Activation energies for PVA and its blends were calculated from Arrhenius plots drawn between the
Conductivity Vs Temperature (log σ Vs 1000/K) and were presented in Table No.1. In the Fig.6 the variation of
activation energy with NaHCO3 salt  concentration  was  illustrated.  It  was  observed  that  (PVA+NaHCO3)
(70:30) had highest conductivity and lowest activation energy when compared to the other samples.

  Further, the ionic transference numbers of PVA and its blends had been measured using Wagner’s
polarization method. In this method, the D.C. current was altered as a function of the time on application of a
constant dc voltage (1.5V) across the cell: Anode(Na)/polymer electrolyte/Cathode. Graphs were plotted
between the Polarization Current and Time using equation: tion=(ii-if)/i where ii is the initial current and if is the
final residual current as shown in Fig.7.
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Fig.6:  Variation of activation energy with NaHCO3 weight percentage

Fig. 7:  (a) PVA+NaHCO3 (90:10) (b) PVA+NaHCO3 (80:20) (c) PVA+NaHCO3 (70:30).

Table-1:  D.C. Conductivity, Activation Energies and Transference number of  (PVA+NaHCO3)
Electrolyte Systems.

Activation
Energies(eV)

Transference
number

Sl.No Polymer Electrolyte Conductivity
at

303K(RT)(S/Cm)

Conductivity
at

 73K(S/Cm) Region-1 Region-
2 tion tele

1 Pure PVA 5.59x10
-10 1.38 x 10-8 0.49 0.38 - -

2 PVA+NaHCO3(90:10) 1.49x10
-7

2.62x10
-6 0.43 0.36 0.96 0.04

3 PVA+NaHCO3(80:20) 1.71x10
-7

4.46x10
-6 0.39 0.30 0.98 0.02

4 PVA+NaHCO3(70:30) 2.37×10
-7

1.20X10
-5 0.31 0.24 0.99 0.01

  The calculated  transference numbers,tion and tele were given in Table1. Here, it was observed that the
transference number values for all the samples were close to unity indicating that the charge transport was
predominantly due to sodium ions while the electronic contribution to the charge transport was very small.
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E: Discharge Studies:

The solid-state electrochemical cell was fabricated with the configuration “anode (Na)/ (PVA +
NaHCO3)/cathode (I2 + C + electrolyte)”.  The thickness of  both the electrodes is  1mm. The surface area and
thicknesses  of  the  ‘PVA+  NaHCO3’ electrolyte were 1.34cm2 and 150 µm respectively. The discharge
Characteristics of the cell for a constant load of 100KΩ were evaluated at room temperature and were shown in
Fig.8.

Fig.8:   Discharge Characteristics of an Electrochemical cell for a constant load of 1KΩ

The initial sharp decrease in the voltage in these cells may be due to polarization and the formation of
thin layer of sodium salt at the electrode-electrolyte interface.The open circuit voltage, short circuit current
values and some cell parameters like current density, energy density and discharge time,  were calculated and
were  presented in the Table 2.

Table- 2: Cell Parameters   of Na/PVA+NaHCO3/(I2+C+electrolyte) polymer electrolytes

Sl.
No. Cell parameters PVA+NaHCO3

(90:10)
PVA+NaHCO3

(80:20)
PVA+NaHCO3

(70:30)
1 Open Circuit Voltage(V) 2.90 2.96 2.99
2 Short Circuit Current (µA) 230 304 365
3 Area of the Cell (cm2) 1.34 1.34 1.34
4 Weight of the Cell (gm) 1.29 1.32 1.36
5 Discharge Time(h) 46 63 81
6 Current Density(µA cm-2) 170 204 234
7 Power Density(W kg-1) 0.268 0.491 0.637
8 Energy density(Wh kg-1) 28 46 70
9 Discharge capacity(µAh-1) 1.5 2.52 3.16

From these cell parameters it may be concluded that the  developed  solid state electrochemical cell is
simple, economical and environment friendly and it may find applications in cost effective electrolyte in high
density solid state electrochemical cells.

4: Conclusions

A solid polymer electrolyte has been developed by blending varying concentration of NaHCO3 with
pure PVA using Solution Cast Technique. The polymer as well as its blends has been characterized by adopting
techniques like FTIR XRD and SEM.

FTIR studies proved that there is a complex formation between PVA and NaHCO3 while XRD studies
indicated the decrease of crystalline nature with simultaneous increase in amorphous nature with the increase in
the % of the dopant (NaHCO3) in the polymeric blends and further, it proved the homogenous distribution of
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the dopant in the polymer. Thus semi-crystalline nature of the polymeric blends has been revealed.  Further, the
doping has been found to enhance ionic conductivity as is being generally found in amorphous polymers having
flexible backbone.

The conductivity has been found to be increasing with the increase in temperature for the polymer as
well as the blends of the polymer with the dopant. Activation energy has been found to be decreasing with the
increase in the % of dopant in the Polymer. The Transference Number data indicates that the conduction in
these polymer electrolyte systems is predominantly due to Na+ ions and not due to electrons.

Table-3:   Cell parameters of polymer electrolyte batteries

Sl. No Polymer battery
configuration-
Anode/electrolyte/cathode

Open
circuit
Voltage
(V)

Short
circuit
current
(µA)

Discharge
time (h)

References

1 Ag/(PEO+AgNO3)/
(I2+C+Electrolyte)

0.61 4.4 4.4 [15]

2 Na/(PEO+NaClO3)/
(I2+C+Electrolyte)

2.44 240 51 [16]

3 Na/(PVA+NaHCO3) (70:30)/
(I2+C+Electrolyte)

2.99 365 81 Present work

Finally, with these PVA+NAHCO3 developed solid polymer electrolyte systems, a Solid State Polymer
Electro-chemical Cell has been developed with the configuration “Na/(PVA + NaHCO3)/(I2 + C + electrolyte)”
and  the discharge characteristics have been studied. The Cell parameters such as Open Circuit Voltage (OCV)
and Short Circuit Current (SCC) are found to be 2.99 V and 365 µA respectively. The Cell parameters acquired
on this polymer electrolyte system are given in Table 3 along with the parameters reported for other cells 42, 43.
From Table 3,  it  is  confirmed   that  the present  solid state  cell  parameters  are  better  than the earlier  reported
sodium based polymer electrolyte cell systems.
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