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Abstract

Effect of aqueous electrolytes (KOH, KCI, CH,COONa and NH,Cl) on electrochemical behaviour of Supercapacitor
was studied by cyclic voltammetry, cyclic stability, and electrochemical impedance analysis. The results show that
among all aqueous electrolytes investigated, KOH revealed good supercapacitive behaviour and exhibited 675Fgm-"
specific capacitance, 86% of cyclic stability, 100% columbic efficiency and 8Q equivalent series resistance ESR.
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Introduction

Supercapacitors, also known as ultracapacitors, electric double
layer capacitors (EDLCs) or electrochemical supercapacitors are the
electrochemical energy storage devices in which the electric charge is
stored in the electrical double layer formed at the interface between
electrode and an electrolyte solution. These devices can provide high
power capability, excellent reversibility and long cycle life [1-3].
Even though super capacitors are now commercially available, they
still require improvements, especially for enhancing their power
density and cut the cost at the same time. To reach these objectives,
various strategies have been proposed in the literature, involving the
development of new materials, new geometries and electrolytes [4].

The electrolyte is the key part of the electrochemical capacitors as
the operating voltage, specific capacitance, power density are greatly
influenced by the choice of electrolyte. Literature study also indicate
that the factors affecting the energy storage capacity of super capacitor
are particle size and electrochemical conditions, namely type of
electrolyte, concentration of electrolyte, conductivity of the electrolyte,
scan rate, etc. [5-9]. Therefore, the electrolytic system must exhibit, a
good conductance which determines the power output capability and
a good ionic adsorption which determines the specific double-layer
capacitance. Overall, the desirable properties of an electrolytic system
for super capacitors are high ionic conductivity, wide voltage window,
and high electrochemical and thermal stability, low viscosity, low
toxicity, low cost, etc. [10]. Compared with non-aqueous electrolytes,
the aqueous medium provides a much higher conductivity leading
to higher power density. On the other hand, low cost and easy
manipulation could be further advantages for aqueous electrolytes.

Until recently, the most commonly used aqueous electrolytes were
H,SO, and KOH [11]. Hence in the present work attempts are made
to study various electrochemical properties of supercapacitor with
different aqueous electrolytes such as KOH, KCI, CH,COONa and
NH,CI by implementing cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS).

Experimental Section

The supercapacitor cell under test is made up of 1% Manganese
doped Cobalt oxide thin film as its working electrode, platinum wire as
counter electrode and saturated calomel (SCE) as reference electrode
and aqueous electrolyte. The various electrochemical properties of
supercapacitor were tested with different aqueous electrolytes such as

KOH, KCl, CH,COONa and NH 4Cl each of 0.1 M concentration. Thin
film electrodes were fabricated by using Sol-gel spin coat deposition
technique using stainless steel as substrate. The detailed synthesis and
deposition process is discussed in the earlier paper [12].

All characterizations done with the help of CHI608E
Electrochemical Workstation. Electrochemical impedance analysis was
done by using ZSimpWin Simulation software.

Result and Discussion

Structural properties

The structural analysis of the deposited thin film was done by
using X-ray diffractometer varying diffraction angle 26 from 10° to 90°.
Figure 1 shows the X-ray diffraction pattern (XRD) of 1% Mn doped
Cobalt oxide thin film. XRD pattern exhibited high intensity diffraction
peaks cubic Co,O, and orthorhombic MnO, phase. Which indicates
film is crystalline in nature. The XRD data were matched with JCPDS
card 78-1969 and 82-2169 for cobalt and manganese peaks respectively.

Morphological properties

Figure 2 shows the SEM micrographs of Mn-doped Co,0,
films on the stainless steel substrate at two different magnifications
x10,000 and x40,000. SEM images showed the formation of many
tetragonal particles spread smoothly all over the substrate surface.
At higher magnification (x40,000), it can be clearly observed that the
grains are internally connected with each other and provide porous
surface morphology. Average grain size was calculated from the SEM
micrographs and it was approximately 0.22 pm.

Electrochemical analysis

Cyclic voltammetry: Figure 3 shows the cyclic voltammetry curves
for different aqueous electrolytes KOH, KCl, NH 4Cl and CH,COONa.
Scan rate is varied from 10 to 100 mV/s. It has been observed from the
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figures that the optimized potential window and the current density are
different for all electrolytes.
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Figure 1: XRD pattern of spin coat deposited 1% Mn doped Cobalt oxide thin
film.

Figure 2: SEM micrographs of spin coat deposited 1% Mn doped Cobalt oxide
thin film.

CV Curves for all the electrolytes exhibited a common trend of
decreasing specific capacitance values against an increasing scan rate.
It is because for very low scan rates the ions have a much longer time
to penetrate and reside in the electrode pores and form electric double
layers, leading to increase in specific capacitance.

A rectangular type of voltammogram is the indication of ideal
capacitive behaviour of any material [13]. But CV curves of KOH and
KCl electrolyte showed redox transition peaks at prescribed potentials.
This indicates that, the supercapacitive characteristics are mainly
governed by Faradaic reactions for these two electrolytes. Whereas
no redox peaks were observed on cyclic voltammetry curves of
CH,COONa and NH Cl electrolytes for all scan rates which indicates
that the supercapacitive behaviour for these electrolytes is purely based
on the electrostatic mechanism and charge-discharge process of active
materials occurs at a pseudo-constant rate over a whole potential
window [9].

From all the figures, it is also proved that for higher scan rate
potential window as well as current associated with the CV curve
increases with increase in scan rate. Which indicates that voltammetric
current is directly proportional to the scan rates of CV and this is an
indication of good supercapacitive behaviour.

Table 1 shows the specific capacitance values with various
electrolytes for different scan rates. For KOH electrolyte, which is
having high molar conductivity as compared to other eletrolytes [9]
highest specific capacitance 675 F/g is observed for that. Whereas
KCl exhibited pseudocapacitance nature according to cyclic
voltammogram, specific capacitance obtained is 172 F/g at 10 mV/s
scan rate. Whereas low specific capacitance of 80 F/g and 56 F/g were
obtained for CH,COONa and NH,ClI electrolytes respectively as they
have low molar conductivity.

Cyclic stability: Retaining of specific capacitance for long redox
cycles at higher scan rate operation condition is essential for practical
applicability of a supercapacitor. Figure 4 shows the CV curves with
KHO, KCIl, NH 4Cl and CH,COONa electrolytes for 1* and 1000™ cycles
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Figure 3: Cyclic voltammogram curves of supercapacitor for different aqueous electrolytes.
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Figure 4: CV curves for 15t and 1000" potential cycles.
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Table 1: Specific Capacitance values for various electrolytes.

Electrolytes Stability (%)

KOH 88.9
KClI 90.01
CH3CooNa 64.06
NH4CI 60.24

Table 2: Percentage stability of with different electrolytes.

at the scan rate of 500 mV/s. All Cyclic voltammograms for 1* and
1000" potential cycles showed no major changes between CV’s and the
total charge enclosed by both the curves are probably similar to each
other, illustrating the stable nature of electrode in the energy storage
application.

Table 2 shows the percentage stability of supercapacitor for
different electrolytes. It can be found that electrode can withstand about
1000 cycles without a significant decrease in the capacity, with various
electrolytes, illustrating the stable nature in energy storage application.
The specific capacitance values are decreased in small amount with
the number of cycles due to the loss of active material [14]. Among

the electrolytes KOH and KCL attained good cyclic stability of 88.90
and 90.01 respectively over 1000 cycles. It indicates that the material
behave reversibly as an excellent capacitor material for large number
of potential cycles.

Electrochemical impedance analysis: Electrochemical Impedance
Analysis was carried out to know the internal resistive parameters and
capacitive behaviour of the supercapacitor at different operating open
circuit potentials in KOH, KCl, CH,COONa and NH 4Cl electrolytes
each of 0.1 M concentration. Figure 5 shows the Nyquist plot of Z” vs.
Z’ obtained by simulation using ZsimpWin software. The electrodes
were excited with 5 mV AC signal and impedance was measured at
open circuit potential in the frequency range from 1 Hz to 0.1 MHz [15].

The EIS figures show the small semicircle (first segment), Warburg
diffusion line (second segment) and capacitive line (third segment).
The beginning of the semicircle line (left-intercept of Z” at the Z’
axis) represents the resistance (Rs) of the electrolyte in contact with
the current collector and electrode. The termination of the semicircle
line (right-intercept of Z” at the Z’ axis) represents the internal
resistance (Rp) of the electrode. The diameter of the semicircle (Rp-
Rs) is equal to the ESR value. The second segment (straight line with a
slope of approximately 45°) in the middle frequency region represents
the combination of resistive and capacitive behaviours of the ions
penetrating into the electrode pores. The length, slope and position
of this segment appear to be different with each electrolyte. The third
segment (straight lines sharply increasing at the low-frequency region)
represents the dominance of capacitive behaviour from the formation
of ionic and electronic charges of the electric double layer system at the
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Figure 5: Nyquist plots for various electrolytes.
Electrolytes R (Q) R, (Q) ESR (Q) f, (Hz) R, (Q)
KOH 12 20 8 97 245
KCI 26.7 40.6 13.3 57.4 27.6
CH,COONa 143 160 17 31.6 174
NH,CI 16.2 40 23.8 31.6 25.9

Table 3: Values of R, Rp, ESR, f, and R, for different electrolytes.

micropore surfaces at this frequency, the ions can more easily diffuse
into the micropores. The initiation point of this third segment line
corresponds to the knee frequency (f, ), and its corresponding resistance
(R) is given by Z’, [16-20]. The values of f, and R, are given in Table 3.

The values of R, R , ESR, f, and R, for all the electrolytes determined
from the Figure 3 are listed in Table 3. The magnitude of the ESR value
is found to be maximum for NH,Cl electrolyte. And minimum value of
ESR is obtained for KOH electrolyte 8.0 Q exhibiting highest specific
capacitance.

Conclusion

Among the various aqueous electrolytes studied, KOH, KCl,
CH,COONa and NH Cl studied KOH revealed good electrochemical
characteristics. For KOH electrolyte, the cell revealed specific
capacitance of 675 Fgm™. The specific capacitance values are decreased
after 1000 cycles, but showed good reversible activity. For KCI
electrolyte cyclic stability was 90.01% and for KOH it was 88.90. The
magnitude of the ESR value is found to be minimal for KOH i.e, 8 Q.
From overall electrochemical analysis it was found that supercapacitor

with 1% Mn doped cobalt oxide thin film electrode showed good
electrochemical behaviour with KOH electrolyte.
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