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IR 1. e
Fabrication of (Co,Ni)(OH), by hydrolysis using ZnO nanorods as a template for
high-performance supercapacitor

Chao-hong Wang* and Han-peng Tsai

Supercapacitors have attracted wide interest as excellent energy storage devices owing to their high
power density and long cycle performance. Among various potential electrode materials, Co(OH);
and (Co,Ni)(OH), were regarded as promising materials because of their high specific capacitance.
The nanostructure of active materials can improve the capacitive performance due to high contact
surface area with electrolyte to enhance the ion diffusivity. In this study, the nanotube structure of
Co(OH); and (Co,Ni)(OH), were fabricated by hydrolysis using ZnO nanorods as a template on the
porous Ni electrode. During the hydrolysis process, the as-prepared specimen with ZnO template
was immersed in a solution of CoCl, or a mixed solution of CoCl, and NiCl,. When the Co”" ions
were adsorbed on the ZnO nanorods, and simultaneously the ZnO reacted with H', the Zn*" were
then released into solution (Fig. 1). The Co(OH), or (Co,Ni)(OH), was thus precipitated on the
surface of the ZnO nanorods, together with Zn ions, i.e., ZnO@ CoxZn;.x(OH); core-shell structure.
Furthermore, with the treatment of alkaline solution, the ZnO@Co4Zn;(OH), electrode was
converted into the hollow CoxZn; «(OH), nanotube structure because the inner ZnO nanorods were
dissolved. The CoxZn;x(OH), nanotubes were characterized with SEM, TEM, XRD, EDS, FIB, and
XPS. The TEM-EDS analysis indicated that the Co/Zn ratio was roughly 3, i.e., Cog75Zng25(OH),.
The nanotube structure of CoxZn;x(OH), (Fig. 2) exhibited a high specific capacitance of 0.863
F/cm® (826.3 F/g) at 1.76mA/cm?, and an excellent high rate capability with capacity retention of
80% at 13mA/cm? (Fig. 3). After cycling tests, the specific capacitance gradually increased to 1.418
F/cm?, which was attributed to the extra capacitance contribution of the Ni(OH), formation on the
porous Ni electrode. Similarly, the CoxNi;x(OH), was also fabricated with solutions of different
Co/Ni ratios. The CogsgNig24Zng13(OH), prepared from the solution of 0.67M CoCl, and 0.33M
NiCl, exhibited the outstanding capacitive performance with a specific capacitance of 1.621 F/cm?

(1571.8 F/g) and capacity retention of 89.38% at a high rate of 13mA/cm?.

Key words: Cobalt hydroxide, supercapacitor, and hydrolysis.

CoZni(OH), ZnO

Fig. 1 Fig. 2 Fig. 3



Fabrication of (Co,Ni)(OH), by hydrolysis using ZnO nanorods as a template
for high-performance supercapacitor
Chao-hong Wang* and Han-peng Tsai
National Chung Cheng University, Chia-yi, Taiwan

The nanotube structure of Co(OH), and (Co,Ni)(OH), were fabricated by hydrolysis using ZnO nanorods as a template on the porous Ni electrode.
During the hydrolysis process, the as-prepared specimen with ZnO template was immersed in a solution of CoCl, or a mixed solution of CoCl, and
NiCl,. When the Co?" ions were adsorbed on the ZnO nanorods, and simultaneously the ZnO reacted with H*, the Zn?>* were then released into
solution. The (Co,Ni)(OH), was thus precipitated on the surface of the ZnO nanorods, together with Zn ions, i.e., ZnO@ Co,Zn, (OH), core-shell
structure. With the treatment of alkaline solution, the ZnO@Co Zn, (OH), electrode was converted into the hollow Co,Zn, (OH), nanotube
structure. The TEM-EDS analysis indicated that the Co/Zn ratio was ~3, i.e., Co, ;sZn ,s(OH),. The nanotube structure of Co,Zn,  (OH), exhibited a
high specific capacitance of 0.863 F/cm? (826.3 F/g) at 1.76mA/cm?, and an excellent high rate capability. After cycling tests, the specific capacitance
gradually increased to 1.418 F/cm?, which was attributed to the extra capacitance contribution of the Ni(OH), formation on the porous Ni electrode.
Similarly, the Co,Ni, . (OH), was also fabricated with solutions of different Co/Ni ratios. The Co (Ni,,Zn, (OH), prepared from the solution of
0.67M CoCl, and 0.33M NiCl, exhibited a high capacitance of 1.621 F/cm? (1571.8 F/g) and capacity retention of 89.38% at 13mA/cm?.

[Introduction] [ Morphology]
Supercapacitors have attracted wide interest as excellent energy storage "
devices owing to their high power density and long cycle performance. Hydrolysis process
Co(OH), and (Co,Ni)(OH), were regarded as promising materials
because of their high specific capacitance. The nanostructure of active
materials can improve the capacitive performance due to high contact
surface area with electrolyte to enhance the ion diffusivity. In this study,
the nanotube structure of Co(OH), and (Co,Ni)(OH), were fabricated
by hydrolysis using ZnO nanorods as a template on the porous Ni
electrode for application in supercapacitors.
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