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The energy crisis for mankind has made energy storage
devices a daily issue for researchers. Supercapacitors are one
of the energy storage tools, the further development of which
is highly dependent on the electrode used in the positive and
negative poles. Availability, cheapness and good efficiency in
energy storage are the expected features of these electrodes.
For this purpose, in this research, we have synthesized
Co304/CF electrode using hydrothermal method for use in
supercapacitor electrodes. We used xrd, FESEM, mapping to
prove the synthesis and to check the crystal structure and
morphology of the nanoparticle. In further investigations, EIS
showed CV.GCD and excellent specific capacity stability of
2719 F/g along with 84% stability after 2000 consecutive
current-voltage cycles. Also, compared to similar studies,
Carbon felt can be an efficient, cheap and flexible electrode.
Modification of carbon felt using Co304 reduced the
resistance caused by charge transfer and ion transfer and
increased the conductivity.
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EXTENDED ABSTRACT

Introduction

Green energy storage is essential for reducing fossil-fuel use. Supercapacitors
are attractive because of their stability, suitable power density, and fast charge-
discharge, so electrode materials with higher surface area, conductivity, and
durability remain a research focus.

Supercapacitors include pseudocapacitors, which store charge through
Faradaic reactions of transition-metal compounds, and electric double-layer
capacitors (EDLCs), which rely on carbon materials such as GO and CNTs. Carbon
electrodes offer layered structures, good pore distribution, and cycle stability, but
non-Faradaic ion adsorption limits their specific capacitance. Combining carbon
nanomaterials with transition-metal oxides, hydroxides, or sulfides can overcome
this limitation.

Among these oxides, Co30,4 has a high theoretical capacitance (3560 F/g), a
stable crystal structure, tunable size and morphology, low cost, and
environmental compatibility. Experimental values are usually lower because of
limited electrolyte penetration, modest surface area, poor conductivity, particle
aggregation, and uneven active-site distribution. Carbon supports can create
shorter ion-transport paths and improve access to reversible active sites.

In this work, Co30,4 nanorods were grown on carbon felt by a simple, low-cost
hydrothermal method, and the electrode was evaluated in a three-electrode
system.

Methodology

Carbon felt (1 x 1 cm) was washed several times with HCI, deionized water;, and
ethanol to remove surface impurities. Coz0, nanorods were then grown by a
hydrothermal method using Co(NO3), and urea. The precursors were dissolved in
40 mL deionized water under magnetic stirring, transferred to a 100 mL autoclave,
and heated at 140 °C for 10 h. After natural cooling to room temperature, the
sample was washed with water and ethanol, dried at 70 °C, and calcined at 400 °C
for 45 min (heating rate: 5 °C min™).

Results and discussion

XRD (Fig. 1) confirms cubic Co30,4 (JCPDS 00-009-0418), with peaks at 18.9°,
31.2°,36.8°, 38.5°, and 44.8° corresponding to the (111), (220), (311), (222), and
(400) planes. The mean crystallite size is 21.42 nm.

FESEM (Fig. 2a) shows bundled, interwoven Co30, nanorods covering the
electrode. EDS mapping (Fig. 2b) verifies Co and O.

BET/BJH analysis (Fig. 3) gives a surface area of 32.33 m* g™* and a mean pore
size of 18.7 nm, indicating a mesoporous structure.

In 3 M KOH, CV (0.1-0.6 V) exhibits battery-type Co**/Co®* redox peaks near
0.35 and 0.15 V. Current rises with scan rate; above 70 mV s™! the response
becomes more capacitive. GCD at 0.5-2 A g™ yields capacitances of 2719, 2392,
2142, and 1857 F g, with discharge times of ~1490 and 530 sat 0.5and 2 Ag™™.
Capacitance retention after 2000 cycles is 84%. EIS shows Rct = 0.35 Q.
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Conclusion

Co304 nanorods were grown on flexible carbon felt by a simple, green, and low-
cost one-step hydrothermal method. The resulting electrode delivered a high
specific capacitance of 2719 F g™* and retained 84% of its capacitance after 2000
cycles, indicating promise for practical energy-storage applications.
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