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Abstract

In this work, micro-supercapacitor is proposed as energy
storage based on bendable co-axial shaped Cu-wire and metal
oxide nanomaterial. Firstly, the cobalt hydroxide nanoflakes were
grown on Coaxial-shaped Cu-wire by the electrodeposition
method at room temperature. Further, the micrographs of the
coated material were visualized by electron scanning microscopy
technique. Nanoflakes coated Cu-wire with flakes width is in
nanometer exhibits the porous surface microstructure. The
studies Cu/Co(OH),
nanoflakes electrode shows the highest areal and specific

electrochemical demonstrated  that,
capacitance with their values of 546 mF and 55 F g,
respectively.
Keywords: Cu-wire,

Micro-supercapacitor, Nanoflakes,

Capacitance

1. Introduction
Power-saving systems have become one of the most critical
subjects in learning to deal with current energy challenges and
rapid development of enabled gadgets in portable and wearable
electronic devices [1]. Amongst them, micro-supercapacitor is a
multifunction energy storage device becomes in research progress
to look for small substances and integrated into smaller shape and
size. Micro-supercapacitor is shown in the strongest state to be
utilized due to the high power density, large storage capacity,
good cyclic stability, and intrinsic safety [2]. In a sequence of
electrical utilization in such a way has been efficiently and
successfully increased the duration of its use, it is necessary to
have portable energy storage devices in wire form which can be
adapted to those wused for energy conversion [3]. For
supercapacitors, a number of electroactive materials were
employed [4-6]. Out of these metal oxide based pseudocapacitive
material are most popular to have excellent charge storage
capacity [7]. The cobalt-based Co (OH) 2 is regarded as a hopeful
electrode material due to its layered structure having a large
interlayer spacing [8].
In this work, micro-electrode was prepared on Coaxial-shaped
Cu-wire and then coated with cobalt-hydroxide nanoflakes.
Further, surface morphology studies were analyzed. The

electrochemical characterizations in terms of cyclic voltammetry
and impedance analysis were carried out by the electrochemical
workstation.

2. Experimental details

Fig. 1 displays the schematic diagram of the fabrication process
of Cu/Co(OH), nanoflakes micro-supercapacitor. The Cu-wire
was used as backbone support and then Co(OH), nanoflakes
grown on that by electrodeposition method. The electrolyte was
prepared by dissolving the appropriate amount of Co(NO);.6H,0O
in distilled water. A constant current of -1 mA Vs saturated
calomel electrode (SCE) electrode applied for 120 s. After
deposition, the micro-electrode rinsed in distilled water, dried and
used for further measurements.

3. Results and discussion

The surface microstructure of the electrodeposited material was
characterized by field emission scanning electron microscopy.
The typical surface micrographs of the nanolayer coated electrode
are seen in Fig. 2 (a, b). The electrode consists of porous Co(OH),
nanoflakes surface with flake width in the range of ~10 nm. The
porous surface morphology of the Co(OH), electrode beneficial
for the fast ion diffusion in the electrolyte. Further, the
conventional three-electrode mode was employed for
electrochemical analyses using Cu/Co(OH), nanoflakes, platinum
foil and SCE as an active, counter and reference electrodes,
respectively. The experiment was performed with 1 M KOH
electrolyte at room temperature using an Ivium electrochemical
workstation. The capacitance of the Cu/Co(OH), nanoflakes was
calculated according to the following equation,

- jl(V)dV M
Av-AV

Where, Ca is the areal capacitance of the electrode material.

Il (V)dV and A is the area under the CV curve and effective

active area of the electrode, respectively. v and AV is the scan
rate and potential window.

The electrochemical measurements of Cu/Co(OH), nanoflakes
electrode are shown in Fig. 3. The cyclic voltammograms of the
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Cu/Co(OH), nanoflakes electrode at the different scanning rates
with 0.5 V voltage window illustrated in Fig. 3(a). Using Eq. (1),
the areal capacitances of Cu/Co(OH), nanoflakes electrode
calculated and plotted in Fig. 3(b) as a function of scan rates. The
highest areal capacitance of 5.46 mF was observed at the lower
scan rate of 1 mV s, Further, the total charge distributions were
determined by using the power law [9]. Fig. 3(c, d) demonstrates
the capacitive-dominated and diffusion-controlled contribution to
the total charge storage on Cu/Co(OH), nanoflakes electrode at
the lower scanning ranges from 1 to 40 mV s conducted in 1
KOH electrolyte solution. It is seen that the nearly 90 %, a
capacitive-processes dominated at lower scan rate [10].

Nyquist plot of the Cu/Co(OH), nanoflakes electrode
represents a near-vertical line intersection with X-axis in the low-
middle frequency range as shown in Fig. 4(a). The corresponding
the relaxation time constant was calculated (t0=1/f0) to be 4 ms at
the frequency where the phase angle of 45° (Fig 4(c)). The bode
magnitude and phase plot of the Cu/Co(OH), nanoflakes
electrode are shown in Fig. 4(b, c). The dependence of
normalized capacitance with the frequency of Cu/Co(OH),
nanoflakes electrode was dissipated in Fig. 4(d). From this data, it
is clear that at a lower frequency range the Cu/Co(OH),
nanoflakes electrode shows the good capacitive activities.

4. Conclusion

In conclusion, we have successfully deposited Co(OH),
nanoflakes on a Cu-wire via an electrodeposition method. The
resultant Cu/Co(OH), nanoflakes electrode exhibit a high
capacitance of 55 F g and demonstrated capacitive dominated
kinetics. The proposed wire-shaped electrode has great potential
to use in power electronics as a micro-electrode.
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Co(OH),
‘N nanoflakes

Cu wire

Fig. 1 The schematic illustration shows the bendable micro-
electrode fabricated on Cu-wire coated with Co(OH), nanoflakes.

Fig. 2 FE-SEM images of the Co(OH), nanoflakes at two
magnifications.
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Fig. 3 (a) The electrochemical cyclic voltammograms of the
fabricated Cu/Co(OH), nanoflakes micro-supercapacitor and
corresponding areal capacitances at different scan rates (b). (d)
The contribution ratio of diffusion-controlled and capacitive
dominated to total charge storage (c) at different scanning rates of
the fabricated Cu/Co(OH), nanoflakes micro-supercapacitor.
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\ Electrochemical characterizations: (a-d) Cycllc voltammetry, (e, f) Galvanostatic charge/discharge and (g j) Impedance analysis of the Cu/Co(OH)2
nanoflake electrode material at different scanning rates.

/CONCLUSIONS
v'We have successfully deposited Co(OH), nanoflakes on a Cu-wire via an electrodeposition method at room temperature.
v'The electrochemical characterizations were systematically studies using cyclic voltammetry, galvanostatic charge/discharge, and Impedance analyses.
v'The resultant Cu/Co(OH), nanoflakes electrode exhibit a high capacitance of 5.46 mF cm2 and demonstrated capacitive dominated kinetics.
v'The proposed wire-shaped electrode has great potential to use in power electronics as a micro-electrode.
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(a, b) The schematic and actual micrographic image (500 um) of the electrode.

FE-SEM images of the Co(OH), nanoflakes at (c) 1 um and (d) 500 nm magnifications.
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Electrochemical characterizations: (a-d) Cyclic voltammetry, (e, f) Galvanostatic

charge/discharge and (g-j) Impedance analysis of the Cu/Co(OH), nanoflake
electrode material at different scanning rates.
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