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Abstract The TiO2 nanotube arrays were prepared on Ti plate by anodizing technology, and then
Co(OH)2 nanoparticles in-situ grew into TiO2 nanotubes with "Tube-particle bonding" nano
composited structure. Co(OH)2 nanoparticles with a particle size of 40.5£8 nm were infiltrated in the
TiO2 nanotube arrays, and the Co(OH): outside the tube presented a nanosheet structure. The specific
capacitance of the Co(OH)2/Ti02 nanotube array composite reached 260 F/g at the current density
~1 A/g. The capacity retention rate was 82.5 % after 2000 cycles at the current density~5 A/g. The
high-rate performance of the Co(OH)2/Ti02 nanotube array composite reached 210 F/g at the current
density~10 A/g.

Introduction

Supercapacitors are widely used in the fields of portable electronic equipment, hybrid electric
vehicles and national defense technology. Electrode materials become the most critical factor that will
determine the performance of supercapacitors, which have also become the main aspect of
supercapacitor study [1-4]. In general, pseudo capacitance electrode materials composed of transition
metal oxides or conductive polymers have higher energy density than electric double layer capacitor
electrode materials composed of carbon materials. Therefore, pseudo capacitance electrode materials
have gradually become the main research topics [5-7].

Traditionally, active materials with pseudocapacitive properties are attached to conductive base
materials (nickel foam) with adhesives (PTFE, PVDF) [8-10]. However, the binder generally reduces
the conductivity of the electrode, hinders the transfer of electrons, and reduces the area accessible by
the active material and the electrolyte [11-12]. The free-standing TiO2 nanotube arrays have good
chemical stabilities, large specific surface area and a highly ordered nanotube structure that can be
used as a channel for charge transfer. This microstructure is beneficial to the rapid transfer of
electrolyte ions at the electrode/electrolyte interface. The actual specific capacitance of Co(OH):21s
severely smaller than the theoretical value [13-15].

In this work, the in-situ free-standing growth of TiO2 nanotube arrays on the titanium sheet was
prepared by anodizing method, and Co(OH)2 nanoparticles were generated in-situ in the nanotubes.
Co(OH)2/TiO2 nanotube array composite was successfully prepared. The electrochemical properties
of the Co(OH)2/Ti02 nanotube array composite was tested.

Experimental

Pure metal titanium was wire-cut into 10x20x1.5mm thin slices and polishing. The TiO2
nanotube arrays were prepared on Ti sheet using anodizing technology at 15 V and 1 h. The prepared
TiO2 nanotube arrays were put into 0.013 g/mL CoClz aqueous solution and stirred well. Due to the
small diameter of the TiO2 nanotubes, the pressure inside the tube was so large that the natural
deposition of active material cannot be infiltrated. Therefore, it was put into an ultrasonic instrument
and subjected to ultrasound for 1 h to exhaust the air in the TiO2 nanotube so that Co?* could enter the

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#556944370-07/04/21,02:31:48)



Materials Science Forum Vol. 1033 117

TiO2 nanotube array. The deposited Co(OH)2/TiO2 nanotube arrays composite material were washed
with distilled water, and then were dried at 60 °C to obtain the Co(OH)2/TiO2 nanotube composite.

The crystal structure of the composite was characterized by X-ray diffraction (Shimadzu
XRD-6100, Japan). A scanning electron microscope (SEM, JEOL 7500F) was used to observe the
surface microstructure of the composite. The electrochemical properties of all specimens were tested
by the electrochemical workstation (Shanghai Chenhua CHI660E). Co(OH)2/TiO2 nanotube array
composite was used as working electrode, platinum mesh (Icmx1cm) was used as counter electrode,
and Hg/HgO electrode was used as reference electrode.

Results and Discussion

The crystal structure of Co(OH)2/TiO2 nanotube composite was analyzed by X-ray diffraction
method. The titanium sheet that generated TiO: nanotube arrays after anodization was directly
subjected to X-ray diffraction. Therefore, the diffraction peaks corresponding to Ti (102), (103)
crystal planes appeared at 52.8° and 70.5°, respectively. At the same time, compared with the
standard JCPDS card, a weak diffraction peak appeared at 20° was corresponding to TiO2 (100)
crystal plane. Obvious diffraction peaks appeared at 10.8°, 22.3°, and 59.6° corresponding to the
crystal planes of a-Co(OH)2 in (001), (002), (110). In particular, the diffraction peak of the (001)
crystal plane of a-Co(OH): is the most representative [16]. It indicates that Co(OH)2/TiO2 nanotube
array composite with titanium sheet was prepared successfully.
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Fig.1 XRD patterns of different specimen of TiO2, Co(OH)2 and Co(OH)2/TiO2 nanotube composite

Figure 2 shows SEM images of TiO2 nanotube, a-Co(OH)2 and Co(OH)2/TiO2 nanotube
composite. It can be seen that the TiO2 nanotube arrays is neatly arranged and evenly distributed from
Figure 2(a). The thickness of the tube wall was less than 10 nm. The average diameter of the
nanotubes of the TiO: nanotube array was 43.6£8.2 nm. The a-Co(OH)2 obtained by chemical
deposition method (see Figure 2(b)) was a nanosheet layered structure, which was prone to stacking
and agglomeration, causing a decrease in specific capacity [17-18]. It can be shown from Figure (c)
that most of the TiO2 nanotubes were loaded with loose a-Co(OH)2 nanoparticles, and the size of the
nanoparticles is 40.5£8 nm. a-Co(OH)2 nanoparticles were embedded in the TiO2 nanotube arrays to
form a nanocomposite structure of "Tube-particle bonding". When the nanotube arrays were filled,
the excess nanoparticles grew on the surface of the arrays to form a nanosheet structure, which it was
clearer than pure a-Co(OH)2 and also has a larger interlayer spacing and a thinner thickness. At the
same time, there was no large-scale reunion. The composite material could fully contact more with
electrolytes, which was more conducive to the improvement of electrochemical performance [19-20].
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Fig.2 SEM images of different specimen. (a) TiO2 nanotube arrays; (b) a-Co(OH)2;
(c) Co(OH)2/TiO2 nanotube array composite

The prepared Co(OH)2/TiO2 nanotube composite was used as a supercapacitor material, and its
specific capacitance was tested. The test results were shown in Figure 3(a) which is the constant
current charge and discharge curve at a current density of 1 A/g. It could be obtained that the specific
capacitance of the Co(OH)2/TiO2 nanotube array composite, TiO2 nanotube and the a-Co(OH)2 was
260 F/g, 132 F/g and 140 F/g, respectively. The specific capacitance of the Co(OH)2/TiO2 nanotube
composite reached nearly doubled compared with that of the original TiO2 nanotube, and it was also
significantly improved compared with the purer a-Co(OH)2, which was due to the TiO2 nanotube
arrays support the a-Co(OH)2 nanosheets and reduce agglomeration, so it was more conducive for the
contact between the a-Co(OH)2 and the electrolyte and increased the specific capacitance of the
composite. Figure 3(b) shows the constant current charge and discharge curves of Co(OH)2/TiO2
nanotube composite measured at current densities of 1, 2, 5, and 10 A/g, respectively. The
corresponding specific capacitances were 260, 235, 218, 208 F/g. Compared with the specific
capacitance at 1 A/g, the specific capacitance retention rate at 10 A/g current density reached 80%,
which indicated the composite had higher rate performance. Figure 3(c) shows the capacity retention
rate of Co(OH)2/TiO2 nanotube array composite and TiO2 nanotube arrays under the current density
of 5 A/g for 2000 cycles. It can be seen that the specific capacitance of the composite and TiO2
gradually stabilized after 2000 cycles. The specific capacitance of the composite was retained to
82.5% compared with the initial specific capacitance and the specific capacity retention rate of the
TiO2 nanotube was only 72.7 %. Therefore, the specific capacitance increased after a-Co(OH)2 was
infiltrated, the composite exhibited better cycle stability. This was related to the a-Co(OH)2
nanoparticles in TiO2 nanotubes that effectively exert electrochemical stability performance [21-22].
Figure 3(d) was the AC impedance spectrum of Co(OH)2/TiO2 nanotube composite compared with
the pure a-Co(OH)2 and TiO2 nanotube. In the high frequency region, the intercept between the curve
and the abscissa represented the internal resistance Rs. The internal resistance of TiO2, a-Co(OH):2
and Co(OH)2/TiO2 nanotube composite was 0.52, 1.49, and 0.67 ohm, respectively. It can be seen that
the internal resistance of the free-standing TiO2 nanotube arrays were very low, and the insides of
TiO:2 nanotube arrays can accelerate the movement of K™ in the electrolyte, and the internal resistance
did not change much after infiltrating a-Co(OH)2 nanoparticles. It showed that the a-Co(OH):2
nanoparticles and the TiO2 nanotube walls were tightly bonded, which was consistent with the results
of the microstructure (see Figure 2). In addition, the higher the slope of the line in the low frequency
region was, the lower the ion diffusion resistance was. From Figure 3(d), the slopes of the
Co(OH)2/TiO2 nanotube composite material and TiO2 were similar, while the slope of a-Co(OH)2 was
lower. It showed that the TiO2 nanotube arrays in the composite have good conductivity, which
improves the overall conductivity of the composite and promotes rapid electron transfer and rapid
diffusion of electrolyte.
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Fig.3 Electrochemical performance of different specimens. (a)Galvanostatic charge and discharge
curve at current density of 1 A/g; (b)Galvanostatice charge and discharge curve at different rates;
(c)Current density at 5 A/g long cycle; (d)Nyquist plots

Conclusion

In this paper, The microstructure and electrochemical performance of Co(OH)2/TiO2 nanotube
composite were characterized and tested by XRD, SEM and electrochemical workstation, and the
following were obtained in conclusion:

1) a-Co(OH)2 nanoparticles were embedded in the TiO2 nanotube arrays to form a nanocomposite
structure with "tube-particle bonding", and the composite was successfully prepared into a
free-standing supercapacitor electrode material.

2) The specific capacitance of the Co(OH)2/TiO2 nanotube array composite was 260 F/g, which was
nearly double the specific capacitance of the original TiO2 nanotube. The specific capacitance
retention rate was 80 % at a current density of 10 A/g, and it still had a capacitance retention rate of
82.5 % after 2000 cycles at a current density of 5 A/g. The Co(OH)2/TiO2 nanotube array composite
showed a good electrochemical performance.
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