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ABSTRACT

Cobalt oxide (Co30y4) electrodes were prepared on conductive stainless still (SS) substrate using cobalt
nitrate as a cobalt source by implementing simple and cost-effective chemical electrodeposition method
and here, characterized for structural and electrochemical analysis for supercapacitor applications. The
effect of different deposition potential on capacitance and charging-discharging stability of cobalt oxide
electrode were studied. X-ray diffractions confirms the face centered cubic crystal structure of Co3O4
electrodes. Electrochemical capacitive analysis of cobalt oxide electrode was studied in 1IMKOH
aqueous electrolyte solution. The observed maximum specific capacitance attained with cobalt oxide
was 273.3 F/gat scan rate 5mV/s. The observed specific power, specific energy and coulomb efficiency
wete 12.12W/kg, 74.75 Wh/kg, and 99.63%, respectively. The cycling stability of the cobalt oxides
shows 62% up to 500 cycles.
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1 Introduction

A supercapacitor is a device that stores energy as well as converts it, so the researchers are attracted to it.
Supercapacitors exhibits intermediate systems between traditional dielectric capacitors and batteries that
bridge the power and energy gap. The need for energy in human life is increasing, this is the supercapacitor
that contributes so much to fill the lack of energy. The supercapacitor classified as two categories, one is
electric double layer supercapacitor (EDLCs) and another is pseudocapacitor [1]. Generally, carbon
materials are used to EDLCs such as graphene, activated charcoal, multiwalled carbon nanotubes (MWCN)
[2] and metal oxides/hydroxides and conducting polymers are used to make a pseudocapacitor behavior
materials like Cu(OH)z, Co304, TiOs, CuO, Al doped NiO, Ru Doped CuO, [3-8],and PPy [9,10]. It is a
biggest challenge to make the more suitable nanomaterials electrode for a supercapacitor application.

In the whole wortld researchers and scientists use different approaches to make different type
nanomaterials because the larger the surface area of the electrode materials, the higher performance of the
electrochemical supercapacitor. Highly porous nanomaterials exhibit higher specific capacitance with
energy density due to more interactions between the electrolyte ions and electrode materials [11]. Recently,
researcher have been used various techniques are used to for formation of the porous cobalt oxide like
hydrothermal [12], chemical bath method [13], successive ionic layer adsorption and reaction (SILLAR)
[14], and electrodeposition [15] to formations of the different type’s morphologies such as rugby—shaped
and spherical structure [16], nano particle [17], porous microsphere [18], nanowire [19], and so on. They
also study of the result of the different morphologies structures on the performance of the electrochemical

supercapacitor.

© 2021 Copyright held by the author(s). Published by AIJR Publisher in the "' Proceedings of National Conference on Relevance
of Engineering and Science for Environment and Society” (R{ES}? 2021) July 25" 2021. Organized by Shri Pandurang
Pratishthan’s Karmayogi Engineering College, Shelve, Pandharpur, India.

Proceedings DOI: 10.21467/proceedings.118; Series: AIJR Proceedings; ISSN: 2582-3922; ISBN: 978-81-947843-6-4



https://aijr.org/about/policies/copyright/
https://doi.org/10.21467/proceedings.118
https://aijr.org/
https://doi.org/10.21467/proceedings.118.56

Controlled Synthesis of Cobalt Oxide Electrode by Electrodeposition for Supercapacitor Application

Recently, several researchers have been developed highly effective cobalt oxide nanomaterials on
electrochemical capacitive performance. Liu et.al reported that cobalt oxide and their derivates exhibits
interactive pseudocapacitive nature, so these properties of the cobalt oxide more suitable for supercapacitor
applications [20]. Srinivasan et.al reported that the cobalt oxide is a positive electrode material and it is
shows that the approximately capacitor like nature [21]. Kong et.al show that the cobalt hydroxide is a
pseudocapacitor behavior and obtained maximum specific capacitance 1473 F/g in 1M KOH electrolyte at
a current density 2A/g [22]. Jang etal reported that highly porous Co304 electrode materials with
maximum obtained specific capacitance is 430.6 F/g in 6M KOH electrolytes [23]. Klyani et.al reported
that cobalt oxide (CoOOH) and Co3O4 nanomatetials specific capacitance value is 602F/g and 630F /¢
respectively in 1M KOH electrolytes at scan rate10 mV/s [24]. In the literature survey we observed that
very little work found on cobalt oxide vai electrodeposited method for supercapacitor application.

In this research article, we demonstrated the controlled electrodeposition technique by using
various parameters (like reaction time, deposition potential) in the reaction and to formation of CosO4 thin
films. During the formation of the cobalt oxide, all other parameters such as, pH of the solutions,
concentrations of the percussor and quantities of the prepared solution are kept constant. Thus, controlled

growth of Co3Oy4 thin films to use for the electrochemical supercapacitor applications.
2  Experimental Details:
2.1  Chemicals

The cobaltous nitrate hexa-hydrate (Co(NO3)2.0H>0O) and ammonium hydroxide NH4OH) were used as
precursors. Stainless Steel (SS) used as a conducting substrate (grade n0.304, 1X 5 cm?) for the pristine
deposition of Co3O4 thin film electrodes, Here SS substrate was cleaned by using emery polish paper and
followed by ultrasonic treatment in double distilled water (DDW). The Double Distell Water were used as

a solvent during the experiment work.

2.2 Preparation of Co304 Thin Films

All the chemicals used during the synthesis are of analytical grade, purchased from AMI and SD.
Fine chemicals Mumbai and are used without any further purification. Template free and binder less cobalt
hydroxide layers were deposited using conventional three electrode electrodeposition technique on
ultrasonicated super cleaned SS substrate. Here the platinum plate was used as a counter electrode and Ag
/ AgCl was used as a reference electrode. Computer based potentiostat (CHI 600D) Electrochemical
workstation was used to carry the potentiodynamic electrodeposition. For sample deposition, 1M solutions
were prepared in double distilled water using ingredient source cobaltous nitrate hexa-hydrate
(Co(NO3)2.6H20). The Stainless-Steel substrates were etched prior to using a diluted HCI for 1 min and
finally washed and ultrasonically cleaned with double distilled water. The deposition potential window,
deposition scan rate and deposition time maintained during the deposition of each electrode was kept at +
1.0 to — 0.1V, 50 mV/s and for 30 min., respectively. The deposited sample were annealed at 673 K for 2
hr.

2.3 Film formation mechanism

During the electrodeposition of the cobalt oxide thin films, the cobalt ions or complexes were
hydrolyzed by the aqueous solution to form the hydroxide deposits on the SS substrate electrode. This
prepared electrode annealed at 400°C for 2 hr, the Co(OH)2 was gets converted into Co3O4 nano materials.
The possible kinetic reactions occurred during the deposition of cobalt hydroxide process are shown in

following.
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Cozt+ + 2 OH— Co (OH);
after annealing at 400°C or 673K, Co(OH)> converted into Co3O4
3 Co(OH)2+ 02 C0304+3H, M+20, D

3  Results And Discussion
3.1  Structural properties

The XRD patterns were carried out to get crystallographic in formations, orientation of the planes
for all the prepared samples. Fig.1 show XRD patterns of the sample prepared using cobaltous nitrate hexa-
hydrate, XRD data compared with the standard data (JCPDS, Card No. 80-1545), the peaks appearing at
20 is 32.99, 37.80, 44.50,46.50, 54.59, 60.3%, 66.19, corresponding to the crystal faces (220), (311), (400), (331),
(422) (511), and (440) respectively. The XRD analysis confirms that the face centered cubic crystal structure

of Co30O4thin film electrode formed. The (x) marked indicates to substrate stainless steel peak.
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Fig.1 XRD patterns of the cobalt oxide.

3.2 Electrochemical characterization:
3.2.1  Cyclic voltammetry (CV)

Cyclic voltammetry was catried out using the electrochemical workstation to observe the electrochemical
performance of the cobalt oxide thin film electrode. Fig.2 shows the typical CVs of the cobalt oxide
electrode carried at the scan rate 5 to 80 mV/s in 1 M KOH between the suitable potential window — 0.3
to 0.6 V vs Ag/AgCl. During the cyclic voltammetry electrochemical two pairs of redox reaction occut.
The initial reaction the conversion between Co(II) to Co(IlI) for the first reduction-oxidation reaction. The
second reaction the conversion between Co(IIl) to Co(IV) for the reduction-oxidation reaction [25].These
redox reactions confirm that the pseudocapacitive behaviors of cobalt oxide electrode. The increasing scan
rates during the CV the specific capacitance decreases because the electrolyte ions improper interaction
with electrode materials [8]. The maximum estimated specific capacitance of the cobalt oxide electrode is
273.3 F/g at scan rate 5mV/s.
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Fig.2 Cyclic Voltamograms of the cobalt oxide sample by varying scan rates.
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3.2.2  Galvanostatic charging-discharge

In fig.3 clearly indicates the galvanostatic charge-discharge cycles of Co3O4 electrode with different current
densities like 2, 4, 6, 8,10 and 12 mA/cm? within potential range 0.4V to -1.2V in 1 M KOH electrolytes.
All curves showed nearly asymmetric charge - discharge nature. During the discharge time the potentials
suddenly decrease (ohmic drop) was observed at lower current density may itself indicate the
pseudocapacitive behavior of the prepared cobalt oxide electrode. Here, the energy and power density (SP)

with columbic efficiency (1) of the cobalt oxide also calculated by using the galvanostatic charge-discharge

data [1].
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Fig.3 Galvanostatic charge discharge curve of cobalt oxide.
The calculated value of SE, SP and 7 are tabulated in Table 1. Electrode shows highest SE values at lower
current densities and highest SP values at higher current densities. The highest calculated values of SE, SP
and 7 are 74.75 Wh/kg, 12.12 W/kg and 99.63 % at 8 mA current density respectively.
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Table 1. Specific energy, specific power, specific capacity and columbic efficiency variation of cobalt

oxide with different current densities.

. . ) Specific
Dischage Charge | Discharge | Specific )
. ) Energy Efficiency
Sr. No. Current Time (tc) | Time (td) power ( (n %)
watt m /o
mA tt

(mA) ) © | Wa/g) | O
1. 2 37.71 37.00 2.02 74.75 98.12
2. 4 14.68 14.37 4.04 58.06 97.89
3. 6 8.28 8.09 6.06 49.03 97.71
4. 8 5.47 5.45 8.08 44.04 99.63
5. 10 4.08 3.89 10.10 39.29 95.34
0. 12 3.13 3.05 12.12 36.97 97.44

3.2.3. Cycling Stability Analysis

The electrochemical stability of the cobalt oxide was cartied out by using scan rate 60 mV/s in 1 M KOH
up to 500 cyclic voltammetry cycles. Fig.4. shows that specific capacitance vs number of cycles of the cobalt
oxide electrode, which shows that a stable value of specific capacitance gets after 300 cycles. Here observed

capacitance decreases in 62 % retention up to 500 cycles.
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Fig.4. Electrochemical stability of cobalt oxide.

3.2.4 Electrochemical Impedance Spectroscopy

The electrochemical impedance spectroscopy is one of the tools for analysis of the circuitry parameter of
the electrodes. The various impedance and capacitive behavior of the cobalt oxide electrode was studied at
the operating open circuit potential — 0.789 V in 1 M KOH electrolyte between the frequency 1 mHz to 1
MHz. Fig.5(A). shows that the Nyquist plot of cobalt oxide. This Nyquist Plot consist of two regions one

of the higher frequency region and other lower frequency region. In the higher frequency region act as an
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interfacial resistance (Rs = 0.20 ohm ) and charge-transfer resistance (Rct = 1.950hm) caused by the faradaic
reactions at the lower frequency region. The portion of the curve having an inclination of ~ 450 with
imaginary axis gives the value of warburg resistance (W= 0.12 milli ohm) and it is related to the frequency
dependent diffusion resistance of electrolyte ions resulted at the time of intercalation in pores of electrode.
Fig.5(B) shows that the experimental electrochemical impedance data and standard impedance data by

simulation using Zsimp Win 3.10 software of Co3O4 electrode and inset of it shows matched equivalent

circuit.
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Fig.5(A) Nyquist plot of cobalt oxide. (B) Nyquist plot of Cobalt oxide Simulated and experimental

matched.
4  Conclusions

The cobalt oxide (CosOy) thin film electrode was successtully deposited on ss substrate by electrodeposition
technique. The prepared cobalt oxide thin films were analyzed by XRD technique. It is shows that the
polycrystalline nature with cubic face centered crystal structure of the Co3Os. Electrochemical capacitive
CV analysis clearly indicates pseudocapacitive behavior of the cobalt oxide nanomaterials. The observed
maximum value of specific capacitance (SC) in 1 M KOH electrolytes is 273.2 F/g. The obtained specific
powet, specific energy and columbic efficiency of the cobalt oxide thin film electrode is 74.75 W/kg, 12.12
Wh/kg, and 99.63%, respectively. The cycling stability cleatly shows 62% retentions up to 500 cycles. The
electrochemical impedance spectroscopy (EIS) observed that the cobalt oxide has a pseudocapacitive nature

of the Co3O4 material with this cobalt oxide shows various circuitry parameters.
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