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TiO2 semiconductor materials have attracted great 
interest in the academic world due to their photocatalytic 
activity and other special photoelectrochemical properties. 
In the area of corrosion control, the application of TiO2 

films to the photocathodic protection of metals has 
inviting prospects (1-3). However, due to the wide band 
gap of the TiO2 semiconductor, it is only excited by 
ultraviolet light (λ<387 nm), and only 3-4% solar energy 
can be utilized. Therefore, it is expected to improve the 
photoelectric conversion performance of TiO2 films by 
preparing TiO2

In this work, our intention is to prepare a Fe-doped 
TiO

-based composite films (2-5). 

2

Ti plates (purity 99.9%) with dimensions of 15 mm×10 
mm×0.1 mm were used as specimens. The highly ordered 
TiO

 composite nanotube film on titanium substrates for 
achieving a significant photocathodic protection effect on 
stainless steel in a corrosive NaCl solution. 

2 nanotube array films on the pre-cleaned Ti plate 
specimens were prepared in a 0.5 wt% HF solution by an 
anodic oxidation method at 20 V for 30 min with a Pt 
plate counter electrode. Then the specimens were 
annealed at 450℃ for 2 h and then naturally cooled down. 
The Fe-doped TiO2 nanotube films were prepared in a 
mixed solution containing 0.5 wt% HF and 0.10 M 
Fe(NO3)3

The morphology and composition of the as-prepared 
TiO

 by the same method as in the 0.5 wt% HF 
solution. 

2 nanotube films were characterized by scanning 
electron microscopy (SEM), X-ray diffraction (XRD) and 
X-ray photoelectron spectroscopy (XPS). The results 
showed that the prepared TiO2 film was composed of the 
ordered nanotube array (Figure 1). The average inner 
diameter and length of the tubes were about 90 nm and 
400 nm, respectively. The XRD result revealed that the 
film mainly consisted of anatase form of TiO2. The 
surface analyses also showed that the morphology of the 
prepared Fe-doped TiO2 nanotube film was similar to that 
of the pure TiO2

 

 nanotube film, and that the doped film 
contained Fe.  

   
 
    The photocathodic protection effects of the prepared 
films on stainless steel were evaluated by electrochemical 

techniques (3). When 304 stainless steel in a 0.5 M NaCl 
solution was coupled to the TiO2 film in a 0.4 M Na2SO4 
solution, its interfacial reaction resistance and the 
electrode potential decreased steeply under ultraviolet 
illumination, The results indicated that lots of 
photoelectrons were transferred to the steel so as to lead 
to the cathodic polarization, which indicated that TiO2 
nanotube films could produce a good photocathodic 
protection effect on the steel. Especially the potential of 
304 stainless steel coupled to the Fe-doped TiO2 film 
decreased by 450 mV under illumination under the same 
experimental conditions, and remained lower than its 
corrosion potential after the light was cut off for about 6 
h，showing a better photocathodic protection effect than 
that of the pure TiO2

  
 film. 
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Figure 1.  Typical SEM image of the TiO2 nanotube 
array film prepared in a 0.5 wt% HF solution.  

Abstract #666, 223rd ECS Meeting, © 2013 The Electrochemical Society


