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Photoelectrocatalytic Property of Titanium Based TiO, Nanotube Array Electrode

SUN Lan™ LI Jing WANG Cheng-Lin LIN Chang-Jian DU Rong-Gui CHEN Hong-Bo
(The State Key Laboratory for Physical Chemistry of Solid Surface, Department of Chemistry,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, Fujian 361005)

Abstract: TiO, nanotube arrays were prepared by the electrochemical anodization on pure Ti surfaces, and their
photoelectrochemical activity was examined. The photoelectrocatalytic property of Ti/TiO, electrode was evaluated by
the degradation of phenol aqueous solution and compared with its photocatalytic performance. The results
demonstrated that the photoelectrocatalytic degradation rate of phenol solution for Ti/TiO, electrode was higher than
its photocatalytic degradation rate. The highest photoelectrocatalytic level could be achieved when the bias potential
of 0.6 V was applied on the Ti/TiO, electrode. The results of EIS analyses revealed that the surface reaction step was
the only rate limiting step either for the photocatalytic process or for the photoelectrocatalytic process. The extra bias
potential could decrease the values of the electron-transfer resistance and increase the separation efficiency of

photogenerated electron-hole pairs.
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Fig.1 SEM top-view and cross-sectional(inset) images of

TiO, nanotube arrays on titanium substrate
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Fig.2  Photocurrent spectra of TiO, nanotube array
electrode under different bias potentials. The
inset shows the change of photocurrent versus

bias potential at 365 nm
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Fig.3 EIS Nyquist plots of TiO, nanotube array electrode
in dark and illumination (a) as well as illumination
and photoelectrochemical process (b). The inset (a)

is the corresponding equivalent circuit
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Table 1 Fitting results for equivalent circuits of TiO,
nanotube array electrode in dark, illumination

and photoelectrochemical process

Parameter Dark Ilumination 0.4V (vs SCE)
R./Q 22.65 23.20 21.47
R./kQ 1851 339 279.5
CPE/pF 10.05 25.95 5414
n 0.9046 0.9333 0.9109

*R.: Solution Resistance;R,: Charge Transfer Resistance;

CPE: Constant Phase Element
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Fig.4 Remaining rate of phenol under the electrochemical
process, direct photolysis, photocatalysis, and
photoelectrocatalysis
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Fig.5 Removal rate of phenol under different

bias potentials
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Fig.6  EIS Nyquist plots of TiO, nanotube array
electrode during (a) photoelectrocatalysis

and (b) photocatalysis
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Table 2 Fitting results for equivalent circuits of TiO,
nanotube array electrode in photocatalysis
and photoelectrocatalysis

Parameter  Photocatalysis  Photoelectrocatalysis (0.4 V vs SCE)
R./Q 17.07 24.03
R, 1 kQ 416 283.9
CPE / pF 50.48 6.424
n 0.9646 0.9002
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