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Photogenerated Cathodic Protection Properties of a TiO, Nanowire
Film Prepared by a Hydrothermal Method

ZHU Yan-Feng DU Rong-Gui~ LI Jing QI Hai-Qing LIN Chang-Jian
(State Key Laboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry, College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract A TiO, film was synthesized on the surface of a Ti substrate by a hydrothermal method, followed by acid
treatment and calcination. The properties of the TiO, film were characterized by scanning electron microscopy, X-ray
diffraction, and ultraviolet-visible spectrophotometry. The photogenerated cathodic protection properties of the TiO,
film were investigated by electrochemical techniques. The corrosion performance of 403 stainless steel coupled to a
TiO, film photoanode in different solutions was evaluated by photogenerated potential and electrochemical impedance
spectroscopy. The results showed that the TiO, film was composed of many randomly-oriented anatase nanowires of
about 10 nm in diameter. The TiO, nanowire film prepared by the hydrothermal reaction at 150 C for 6 h was used for
the photogenerated cathodic protection of 403 stainless steel. When we coupled the steel in a 0.5 mol -L ™" NaCl
solution to the TiO, film photoanode in a mixed solution containing 0.3 mol-L™ Na,SO, and 0.5 mol -L™ HCOOH, its
potential decreased by 545 mV. Additionally, the charge transfer resistance of the electrode reaction process for the
coupled steel decreased considerably. The results also indicated that the HCOOH in the mixed solution improved the
photogenerated cathodic protection of the TiO, film photoanode.
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Fig.2 XRD patterns of the TiO, nanowire films
prepared at 150 °C for different hydrothermal
reaction time
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Fig.1 SEM images of the Ti0, nanowire films prepared at 150 °C for different hydrothermal reaction time
(a) 2 h, (b) 4 h, (c) 6 h; (d) cross-sectional view for the film prepared for 6 h
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Fig.3 UV-Vis absorption spectra of the TiO, nanowire

films prepared at 150 °C for different hydrothermal
reaction time
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Fig.4 Time evolution of the potentials of 403
stainless steel in 0.5 mol-L™* NaCl coupled to TiO,
film electrode in different solutions
(a) 0.3 mol-L™" Na,SO,; (b) 0.3 mol-L™" Na,SO+
0.5 mol- L™ HCOOH

Fig.5 Nyquist plots of 403 stainless steel in 0.5 mol-L™
NaCl solution under different conditions
(a) no coupling; (b) coupled to the TiO, film in 0.3 mol - L™ Na,SO,
solution under illumination; (c) coupled to the TiO, film in 0.3 mol - L™
Na,SO,+0.5 mol - L™ HCOOH under illumination
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Fig.6 Equivalent circuit of 403 stainless steel in
0.5 mol-L* NaCl solution
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