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In this research, biopolymer electrolyte has been prepared by doping
cornstarch with sodium iodide (Nal) using solution casting method. The
incorporation of 25% Nal resulted in maximum conductivity of the
electrolyte at 1.46 x 104 S cm'l. The enhancement of the electrical
conductivity to 2.61 x 103 S cm'! was achieved with further addition of
graphene oxide (GO). The effect of GO on the electrolyte system were
investigated by deploying electrical
measurement at temperature of 298K-373K.
function of temperature have been investigated and revealed that the
conductivity decreases as temperature increase. Dielectric studies were

impedance spectroscopy (EIS)

Electrical conductivity as

performed in order to study the ion mobility in the electrolyte system.

© 2016 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Polymer electrolytes have received great
attention due to their potential uses in solid state
electrochemical devices. In the past few years, many
natural polymers have been studied as polymer
hosts in electrolytes due to cost effective and its
environmentally friendly characteristics (Kumar et
al., 2012; Shanti, 2011). Starch is one of the natural
polymer which is non-toxic, biodegradable and
available in abundance (Yusof et al, 2014). The
improvement of physical properties of the starch can
be obtained by modification with other agents or
additives (Syzdek et al., 2010).

Incorporating appropriate salts into the host
polymer matrix provides charge carriers to the
polymer matrix in order to increase the ionic
conductivity of the system. Research in sodium ion
polymer electrolyte has been increasing in recent
years. A few attempts have tried polymer
electrolytes based on sodium ion complexed films
(Dzulkurnain et al, 2015). The main advantage of
using sodium metal ion is its availability in
abundance at a cheaper cost than lithium.
Furthermore, softness of the material makes it easier
to achieve good contact with other components in
the battery (Bhargav et al,, 2007).
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Besides that, it has been suggested that by
modification of starch with other agent or additives
can improve its physical properties. Graphene oxide
(GO) are two dimensional carbon materials that have
attracted great interest due to high surface ares,
good electrochemical and mechanical properties (Hu
etal, 2014; Yu et al,, 2012). GO has been found to be
more compatible with polymer and it gives
advantages to the polymer/GO composites (Dikin et
al, 2007; Diwan et al,, 2012).

GO, which exhibits many oxygen functional
groups on its basal planes and edges, is highly
dispersible in water and thus make it a promising
material for composites with polymer. The presence
of various oxygen containing functional groups with
GO moiety leads to synthesis of various composites
to improve the desired properties (Latif et al., 2012;
Yu et al,, 2012; Joshi and Deshmukh, 2016).

Polymer/GO  composites attracting more
attention because it shows high performance in
mechanical and electrical properties much better
than any other filler such clay or even nanotubes
(Balog et al, 2010; Quan et al, 2009). However,
research is still necessary to explore the potential of
the conducting polymer graphene composites as
solid electrolyte for electrochemical devices.

In the present work, a solid biopolymer
electrolyte based on cornstarch/Nal with different
amount of GO was investigated. Cornstarch/Nal/GO
composites were characterized by electrochemical
impedance spectroscopy (EIS) at room temperature
and elevated temperature to study the electrical and
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transport behavior of the charge carrier in the
electrolyte.

2. Experiments
2.1. Materials

Cornstarch (CeH100s5, CAS =9005-25-8, Sigma-
Aldrich) in powder form, Sodium iodide (Nal, MW =
149.89 g/mol, CAS = 7681-82-5, Sigma-Aldrich) and
graphene oxide (GO powder, 15- 20 sheets, Sigma-
Aldrich)

2.2, Preparation of
electrolyte

cornstarch/Nal-GO

In this work the optimum composition of the host
polymer electrolyte Cornstarch/Nal obtained is
65:25. GO was added to the host polymer at different
percentage and was continuously stirred for few
hours in order to achieve a homogeneous mixture.
The electrolytes were prepared via solution casting
technique using distilled water as the solvent and
free standing polymer electrolyte films were
obtained.

2.3. Characterization technique

The samples were characterized using HIOKI
3531-01 LCR Hi-tester between the frequency
ranges of 50 Hz to 1 MHz at room temperature and
at various temperatures (287K-373K) were
performed.

3. Results and discussion

In this work, all samples were analyzed at
constant humidity and temperatures ranging from
25°C to 90°C. Samples were placed on a sample
holder with the diameter of 2.4 cm. The
conductivities of cornstarch biopolymer electrolyte
film with various weight percent of Nal were
investigated. The electrical conductivity of the
samples were calculated by substitute the value of
bulk resistance, Ry, thickness, t and contact area of
each samples into following equation,

conductivity,

ot
G_AxRb (1)

where,
t = thickness of sample (cm)
A = contact area of the sample (cm2)
Rb = bulk resistance of the sample (s)

Fig. 1 shows the impedance plots of Cornstarch-
Nal electrolytes with a different amount (wt.%) of
Nal. The plots show the intercept over the x-axis at
low frequency region represents the bulk resistivity,
Rb of the sample which was used to determine the
value of electrical conductivity, o of the electrolyte.
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The inclination and bulk resistance of the samples
were different from each other due to different ionic
mobility and availability of free ions in the system.

The variation of conductivity with salt content is
shown in Fig. 2. It is observed that the ionic
conductivity cornstarch increases with the addition
of Nal and reaches maximum value of 1.46 x 10+
Scm-! was obtained for the sample containing 25 wt
% of Nal.
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Fig. 1: Impedance plots of Cornstarch/Nal (0%-30%Nal,
95% -70% Cornstarch)

The increase of the conductivity was due to the
increase in the number of the charge carrier in the
sample. However, it was observed the addition of
more than 25 wt. % Nal, the conductivity electrolyte
significantly decreased. This could be due to
formation of ions pair producing neutral systems,
thus reducing the number of free ions (Shanti, 2011).

As cornstarch is semicrystalline polymer, it has
low conductance value while the addition of Nal
increases mobile ions and the conductive system
provide pathways for the movement of ions, so
conductance increases (Yusof et al.,, 2014).
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Fig. 2: Variations of electrical conductivity against
percentage of Nal (wt. %) at room temperature

In order to enhance the conductivity of polymer
electrolyte, plasticizers, fillers and additives can
been added to the solid polymer electrolytes(Hu et
al,, 2014; Ning et al., 2009). Generally, the addition of
additives helps to increase the amorphous phase
content of the polymer-salt complexes leading to
increased mobility of the polymer chains. In this
work, GO has been used to improve the conductivity
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of the biopolymer electrolyte. Fig. 3 shows the
variation of conductivity of GO on biopolymer
electrolyte. The highest conductivity was observed
for the sample containing 10 wt. % of GO with
conductivity of 2.61 x103 Scm as shown in the
figure.

Interestingly, the additions 5 wt. % of GO into the
electrolyte resulted in a considerable increase in the
conductivity. The increased conductivity is due to
the fact that graphene provides more effective
pathways for the migration of ions. The cornstarch-
salt system is acting as conducting polymer material
while GO plays a role as an improvement agent or
filler. The morphology of GO filler has affect
significantly on the formation of conductive system
and the electrical properties of the composites (Das
and Prusty, 2013).

GO acting as conducting enhancer dispenses itself
in specified pathways in the polymer matrix. As a
result, the composite with more amount of GO has
lower percolation threshold and thus, conductance
values increase with incorporation of GO (Diwan et
al,, 2012; Khan and Shakoor, 2015).

3.00E-03

2.50E-03 261803

2.00E-03

1.50E-03 L41E.03

o (Scm?)

1.00E-03

5.00E-04

\46E-04

0.00E+00

0 5% 10%
GO (Wt%)

Fig. 3: Variation of conductivity as a function of wt. % GO
in Constarch/Nal

The conductivity of Cornstarch/Nal with
different wt.% of GO electrolyte against the
reciprocal absolute temperature is shown in Fig. 4.
The figure shows that the polymer electrolyte
exhibits Arrhenius behavior due to the regression
values are close to unity. The conductivity increases
as a function at temperature until 343K but
decreases as it is heated higher than 343K.
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Fig. 4: Logarithmic values of conductivity of
Cornstarch/Nal-GO at different temperature

Studies on the dielectric behavior give an
important understanding about the trend of ionic
conductivity in electrolyte system. Dielectric
constant is a measurement of charge stored in a
material and dielectric loss indicates the energy
losses due to movement of ions when the polarity of
electric field reverses rapidly (Shukur et al., 2014).
Dielectric studies were done using equation (2) and

(3).

Zi
& = wco@izd) (2)
& = — (3)

®Co(ZZ+ Z7)

where,
Co = Eo as permittivity in free space
w = 27, f is the frequency in Hz

The dielectric properties of a composite material
are depend on the properties of individual phases
and the mixing is controlled in such a way that
individual phases are interconnected. Both the
interfacial polarization ability and the homogeneous
distribution of dielectric filler is the key factor to
affect the dielectric performance of composites
(Deshmukh and Joshi, 2015). Fig. 5 and Fig. 6
represent the variation of € and & with frequency
for Cornstarch/Nal system at different temperature.

It is clearly shown both dielectric constant and
dielectric loss increase sharply at lower frequency
region indicating the accumulation of charges carrier
at the electrode-electrolyte interface and the
polymer electrolyte exhibit non-Debye behavior
(Shanti, 2011).

The dielectric constant is very high at low
frequency due to cease of ions contributions from
different polarizations with the increase in the
frequency (Kumar et al., 2015).

However, the dispersion of conductivity
decreased at high frequency as the high periodic
reversal of electric field occur so fast due to
insufficient time for charge to accumulate at the
interface. The polarization of mobility ion is then
decreased, leading to the decrease in the values of &;
and & (Yusofetal, 2014).
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Fig. 5: Variation of real, & part of dielectric constant with
frequency at different temperature for 10% wt.% GO in
Cornstarch/Nal-GO
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Fig. 6: Variation of imaginary, € part of dielectric constant
with frequency at different temperature for 10 wt. % GO in
Cornstarch/Nal-GO

The plot of loss tangent (tan §) as a function of
frequency shows in Fig. 7. The value of tan § was
calculated using:

£

Tand = (4)

It is clearly showed that the dielectric loss (tan §)
decreases with the frequency. The reason for this is,
as the frequency increases the charge carrier cannot
orient along the direction of the applied electric field,
and thus the loss due to the moment of the charges is
decreased. The mobile charges which belongs to
polymer/salt composite namely Cornstarch/Nal and
free ions which is from GO can also results in the low
values of dielectric loss at higher frequencies.

It is possible to tune the dielectric constant of the
material with desired value and dielectric loss can be
significantly reduced, so that the material can be
used for a suitable applications. Hence,
Cornstarch/Nal/GO composites can be a good
candidate for electrochemical devices applications.
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Fig. 7: The frequency dependence of tan § of
Constarch/Nal- 10 wt. % GO at different temperature

The relaxation time (tr) for electrolyte was
obtained from the relation,

tropeak =1 (5)

where,
wpeak = the angular frequency of the relaxation peak.
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The occurrence of relaxation time is the result of
the efforts carried out by charge carriers to obey the
change in the direction of the applied field. The
values of t- for the cornstarch/Nal-10 wt. % system
at different temperature systems are shown in Table
1. From Table 1, the highest temperature of
electrolyte with incorporation of 10 wt. % GOES
possesses the highest t; value of 1.00 x 10-5 s,

Table 1: Relaxation time for 10 wt. % GOES in
Cornstarch/Nal system

Temperature (10 wt.% of GO) tr(s)
303K 6.64x10-6
323K 8.33x10-6
343K 9.53x10-6
363K 1.00x10 -5

The variation of real and imaginary part of
electric modulus (M: and M;, respectively) versus
frequency for the Cornstarch/Nal/GO composite is
represented in Fig. 6 and 7 respectively. In Fig. 8 and
9 the height of the peaks decreases with the
increasing of the temperature as relaxation time t
increases. The imaginary part of electric modulus
(Mi) versus frequency spectra revealed to relaxation
mechanism, which recorded at high frequencies, was
attributed to interfacial polarization. The frequency
at the maximum of the peak represents relaxation
frequency exhibit on the system (Huang et al.,, 2012;
Latif et al,, 2012)
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Fig. 8: Frequency dependence of real part, Mr of modulus
at different temperature for 10 wt. % GO in
Cornstarch/Nal-GO
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Fig. 9: Frequency dependence of imaginary part, M; of
modulus at different temperature for 10 wt. % GO in
Cornstarch/Nal-GO
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4., Conclusion

The amount of GO on biopolymer electrolytes of
cornstarch-Nal was found to have a significance
enhancement on the ionic conductivity. The
maximum ionic conductivity of 1.6x103 was
obtained with the sample containing of 10 wt. % of
GO. The temperature dependence of conductivity
cornstarch/Nal-GO electrolytes films obeys the
Arrhenius relationship. The dielectric studies of GO
in electrolytes revealed the non-Debye behavior of
the electrolyte. The value of tris observed to increase
as temperature increase shown in Table 1.
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