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Abstract— Poly (ethylene oxide) (PEO) based Nano-Composite Polymer Electrolyte (NPE) membranes
(7OPEO:30AgNO3)100-x(T10,)4, where x = 0<x<10 wt% have been casted by hot-press/solution free technique. Solid Polymer
Electrolyte (SPE) composition 70PEO:30AgNOQO; (wt. %), has highest conducting film with room temperature conductivity oy
~ 3.6 x 10 Scm™, has been used as the first phase host matrix and TiO, filler particles of nano-dimension (< 100 nm) as
second phase dispersion. The fractional dispersal of TiO, filler (viz. x = 3 wt. %) in SPE host results increase in room
temperature conductivity. This NPE film (70PEO:30AgNO3)e;(TiO,); referred as Optimum Conducting Composition
NPE(OCC) film. The morphological analysis performed by Scanning Electron Microscopy (SEM) techniques. The ionic
transport properties characterized by basic ionic parameters viz. conductivity (o), mobility(p), mobile ion concentration (n),
ionic transference number (t;,,) and cationic transport number (t,). Using these electrolytes a thin symmetric capacitor has been

prepared which shows capacitance about 5 F/g of in the cycling in the range of 0-1.5V at0.5 Ag*.

Keywords—Solid polymer electrolyte, Energy Storage devices, Supercapacitor, Hybrid electric Vehicle.

l. INTRODUCTION

Polymer electrolytes are extensively used in all-solid-state
electrochemical power sources viz. batteries, fuel cells,
supercapacitors etc. . The first ion conducting solid polymer
electrolyte based battery was reported in 1973 and 1979
respectively [1, 2]. Since then, wide variety of SPE
materials, involving different mobile ionic species have
been investigated [3-20]. Poly (ethylene oxide) PEO shows
higher stability, dissolve wide variety of salts as compare
to other polymers having polar and flexible main chain.
These ions can migrate through the amorphous region of
the polymer via inter/intra chain segmental motion. It
exhibit low ionic conductivity at room temperature but it can
be significantly increased by fractional dispersal of nano
size inert filler particles such as Al,O3, SiO,, TiO, etc [9-
20]. Present work report physical and electrochemical
properties of NPE membranes (70PEO:30AgNO3)1-x(TiO,)x
casted by hot press method. SPE film composition:
70PEO:30AgNO3, [21] having highest ionic conductivity at
room temperature, has been used as first phase host matrix
and nano-particles (< 100 nm) of TiO, as second phase
dispersoid. The composition (70PEQ:30AgNO3)g7(TiO,)s
identified as highest conducting film, their physical
properties characterized by SEM, EDS and TGA techniques,
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the electrochemical properties has been studied in terms of
basic ionic parameters viz. conductivity (o), activation
energy (E,), mobility (i), mobile ion concentration (n), ionic
transference number (ti,n) and ionic transport number (t.). A
new class of solid state capacitors consisting of
(70PEO:30AgNO3)70(AC)4 as electrode designated [22, 23]
and synthesized NPE (OCC) as electrolyte is presented, and
the results are discussed.

I1.  EXPERIMENTAL

Hot press method is used for the preparation of electrode and
electrolyte using AR grade chemicals: poly (ethylene oxide)
(PEO) (Mw ~ 6x105 , Aldrich, USA), AgNO3 (purity ~
99.9%, Reidel, India), TiO, ( size < 100nm, Aldrich,
USA), AC powder (surface area 14s00 m?/g, pore volume is
0.45 cm®g). The earlier reported standard electrolyte
(7T0PEO:30AgNO3;) was used as the base material.
Conductivity (o) measurements have been carried out using
LCR meter [HIOKI 3522-50, Japan] in the frequency range
50 Hz to 5 MHz. The activation energy E, calculated by
Arraheneous plot at different temperature and composition.
lonic mobility (u) , carrier ion concentration (n) and ionic
transference number (tj,,) of NPE (OCC) measured by a
dc polarization Transient lonic Current (TIC) technique [24]
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using x-y-t recorder (Graphtec WX — 2300). In order to
separate out the cationic (Ag™) transport number, a combined
ac/dc technique, is used [25]. Surface morphology and EDS
analysis performed with the help of SEM (JEOL-JSI
microscope) fitted with EDS. The electrolyte is sandwich
between PAC electrode by gradually increasing pressure
about 2-tone to make the contact between electrode and
electrolyte. The performance of capacitor analyse by using
leakage and discharge current profile and Cyclic
Voltammetry.

I1l. RESULTS & DISCUSSION
The Impedance plot for NPE shows a semicircular arc which

intercept on real axis, corresponds to blocking impedance Ry,
(figure 1). The conductivity of composition calculated by

equation o = where area A ~1.85 cm? and the
b

results are shown in figure 2. The conductivity maxima 6ay
~ 2.35 x 10™ S/cm were obtained at x = 3 of TiO, in SPE it
referred as optimum conducting composition NPE(OCC), it
is due to the dissociation of ion aggregates and/or
undissociated salt which resulted into the generation of free
ion carriers as a consequence of addition of nano-sized TiO, .
But larger amount of filler create non conducting path which
results decrease in conductivity. The activation energy of
each compositon calculated by Arreheneous plot shown in
figure 2, it indicate that lowest activation energy corresponds
to OCC found to be 0.22eV.

The Ionic parameters (u, n) and total ionic
transference number (t,,) of optimum conducting film have
also been determined by TIC technique. The experimental
arrangement of which is shown in figure 3(a), u has been
measured at different temperatures below T,, with help by
equation u = d% V 1, where d and 7 stands for thickness of
sample and transient time respectively and V is applied dc
potential, n is number of charge career given by equation n =

o/ n.q.
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Figure 1: Cole-Cole plot for (7OPEO:30AgNO3)1.4(TiO)x
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Figure 2: Conductivity and Activation energy plot for NP

The plot between log p - 1/T and, log n — 1/T for NCP(OCC)
shown in Figure 3(b), which reveals that p almost remain
unaltered with the decrease in temperature and n increased
with increasing temperature because of more carrier ions
generation. The total ionic transport number (t;o,) can also be
determined from current — time TIC plot shown in Figure
3(c) using equation ti, = 1- (len / l7). The total current
approached close to zero in about 2 hrs indicating that the
mobile ions in the cell SS //NPE(OCC)// SS, subjected to an
external dc potential, have been completely polarised at the
respective electrode / electrolyte interfaces.
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Figure 3: (a) Experimental arrangement of TIC technique,
(b)Variation of mobility Log(p) — 1/T (c) TIC plot for
NPE(OCC)

The cell resistance of the film sample was measured before
and after polarization using IS technique. From the two semi-
circles the cell resistances R, = Ry and R = Ry, + R;, before
and after polarization respectively, have been obtained. The
cationic (Ag") transport number (t,) has been evaluated with
the help of equation:
Is(AV = Rqlo)
o IO(AV - Rsls)

Substituting the data in the equation we obtained t. ~ 0.32
for the present NPE (OCC) film: all other ionic parameters
calculated experimentally are listed in Table 1.
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Table 1. Room temperature values of some basic ionic
parameters viz. o, W, n, and tion.

(o) Ea Q n tion
Film | (Scm™) eV | cm?Vvis?h | (em?®)
)
Pure [32x10° [ NA [ NA NA NA
PEO
SPE | 2.35x10° [ 069 | NA NA [ 0.95
NPE |2.35x10% [ 0.22 | 2.93 2.1 0.98
x107 x10%°

The SEM image of the pure PEO, SPE(OCC) and NPE(OCC)
is shown in figure 4(a-c). It is analysed that pure PEO has a
rough surface morphology with a lot of rumples and presence
of crystalline and semi crystalline phases. It associated with
high surface free energy and it facilitates the attachment of
particle to the nucleus; in this way contribute to faster Kinetics
of nucleation, with the addition of salt, a dramatic
improvement of surface morphology from rough to smooth is
achieved. The smooth surface morphology is closely related
to the reduction of PEO crystalline via the interaction between
PEO segments and silver cations. Here by the addition of
filler (TiO,) crystalline phase of polymer composite further
decreases i.e. amorphousity increases, it may help in ion
transport in electrolyte in order to increases ionic

conductivity. The EDS fingerprint along with SEM Figure
4(d)) confirm the presence of composition in electrolyte. main
conclusions of the study may be presented in a short
Conclusion Section. In this section, the author(s) should also
briefly discuss the limitations of the research and Future
Scope for improvement.

Figure 4: SEM image of (a) Pure PEO, (b) SPE(OCC), (c)
NPE(OCC), (d) EDS spectra of NPE(OCC)

934



International Journal of Computer Sciences and Engineering

The best performing composition i.e.
(PEO70:AgNO330)g7(TiO,);  chosen as electrolyte for
fabricating a solid state capacitor using solid polymer
electrode (70PEO:30AgNO;)o( AC)s, reffered as PAC and
egg shell membrane was used as the separator. The role of
the separator is to provide minimal resistance for electrolyte
ion’s movement and to avoid any electrical contacts between
the polymer electrolytes. The cross section view of
experimental capacitor is shown in Figure 5.

Electrolyte

Electrode

Electrolyte

Electrode -’-

Figure 5: Schematic diagram of Solid State Capacitor with
the configuration.

Electrodes of the capacitor allow a small amount of current
to leak which will cause the potential decay of a charge state
of the capacitor over time. Along with leakage current,
another important factor is self-discharge to evaluate its
performance. lIdeal capacitors maintain constant potential
without any flow of current from an external circuit. While
real capacitors, require a current, called leakage current to
maintain constant potential. We measured the leakage current
and self discharge of the device by charging at 2.0 VV and by
monitoring the current required to maintain that specific
potential. In our symmetric device, as shown in Figure 6, the
leakage current dropped significantly when the potential is
applied initially (from50 pA to 20 pA after 200 min) and
then gradually the loss in current was smaller and kept
stabilizing (finally to only 5 pA after 25 h).This value is less
compared with those for reported in the literature [26—29]
and it’s a characteristic of electrochemical double layer
formation. The self-discharge potential of the device
decreases from its initial value of 2 VV to 1 V relatively in a
rapid manner and then slows down with time. The practical
advantage of low self-discharge course is very attractive for
its use in standby power etc. On the basis of physical and
electrochemical studies, it can be confirmed that the newly
synthesized polymer based electrodes PAC through hot press
technique performed relatively well and the presence of
activated carbon enhanced the ionic conductivity and Ag ion
diffusion mimicking as capacitor behaviour.
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Figure 6: Leakage current profile and self discharge
profile of Capacitor

Cyclic voltammetry profile of the solid-state capacitor is
shown in Figure 7(a). The scan was swept at a constant rate
of 0.01V/s between the voltage range 0 and 1.0 V, and the
corresponding current was recorded. The electrode was
started with an anodic scan at 0.2 V and finished at 1.0 V
then reversed back to the original potential via cathodic scan.
It is observed that shape of CV curves is nearly rectangle and
symmetry or mirror image about their zero current line,
which is a clear proof of well developed capacitance

properties. Using relation C = VQ% specific capacitance of

capacitors calculated which shows capacitance value of 5 F/g
cycling.
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The available capacitance is found to be stable over
numerous cycles, and interestingly, the Coulombic efficiency
is close to 92%, suggesting the all solid-state device is
suitable for long-term electrochemical cycling.

IV. CONCLUSIONS

PEO- and AgNOs;-based nanocomposite polymer electrolytes
with TiO, in different weight percentage have been
synthesized by a hot press technique, and results have been
reported. The optimum conducting (¢ ~2.35 x10°S/cm)
composition was found for 3%TiO, in SPE, confirm by
lowest value of activation energy. lonic nature is confirmed
by ion transference (ti,,) calculation. The mobility (i) and
carrier ion concentration (n) also calculated. All the physical
characterization was studied on the best chosen material
NPE(OCC). SEM analysis shows that the addition if
inorganic filler reduces the degree of crystalline while
enhancing the ionic conductivity. The best chosen
electrolytes was tested in the symmetric capacitor with PAC
electrode . The solid-state capacitor exhibited 5 F/g at a
current density of 0.5 A/g, and the available capacitance is
stable for multiple cycles. shows comparatively good
performance.
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