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Preparation of TiO, Nanotube Array Thin Films and Their Growth Mechanism
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Abstract: The aligned TiO, nanotube thin films were fabricated on the Ti substrate in NH,HF,+NH,H,PO, aqueous
solution via anodic oxidation method at room temperature. The effects of electrolyte solution, outer voltage, and pH
value on the morphology and microstructure of TiO, nanotube array thin films were discussed in this study. The
growth model of TiO, nanotube array thin films was created. The results show that the outer voltage has lots of effect
on the microstructure of TiO, nanotube array thin films, the TiO, nanotube array thin films could be formed only with
the outer voltage of 3~35 V, and their diameter of TiO, nanotube in the range of 30~160 nm increased with the outer
voltage. The thickness of thin films was greatly affected by the pH value of the electrolyte solutions. The length of the
TiO, nanotube could be 6.5 pm by adjusting the anodizing factors.
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Table 1 Anodizing oxidation parameters

Parameters
Voltage / V 5,10,15,20,25,30,35,40,45,50,55,60
Time 1,5,10,15,20,30 min,1,2,3,4,5,6,8,12,24 48 h

Concentration of NHHF, / wt%
Concentration of NH,H,PO, / (mol-L™)

0.0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0,1.5,2.0
0,0.25,0.5,1.0,2.0
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Fig.1  Variations of out diameter of TiO, nanotube and

anodizing voltage
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Fig.2  Variations of TiO, nanotube length and concentration
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Fig.3  Variations of TiO, nanotube length and concentration

of NH,H,PO, in electrolyte solution
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Electrolyte solution: 2.0% NH,HF,, 2 mol -L.”" NH,H,PO,, pH=6,
anodic oxidation time: 12 h, out voltage: 20 V

(a) top; (b) aligned cross section
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Fig.4 SEM morphology of anodic titania nanotube
array thin films
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surface (a) and (b); cross section (c) and (d); bottom of TiO,, nanotube(e), surface of Ti substrate (f) with TiO, nanotube deployed
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Fig.5 FESEM morphology of TiO, nanotube array thin films from
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anodizing voltage: 20 V, electrolyte: 0.5% NH,HF,+1 mol <L~
NH,H,PO, aqueous solution, anodizing time: 2 h

(a) full spectrum; (b) specific spectrum of Ti element
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Fig.6 XPS surface element analysis of anodic titania
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Table 2 Quantitative results of XPS analysis of TiO, nantobue
Element N 0 F P Ti
Atom percent / % 1.64 66.01 6.42 1.5 24.36

] @ Anatase
I Tisubstrate
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anodizing voltage: 20 V, electrolyte: 0.5% NH,HF,+1 mol -1~
NH,H,PO, aqueous solution, anodizing time: 2 h

(a) Ti substrate; (b) TiO, nanotube array thin film
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Fig.7 X-ray diffraction of anodic titania array thin films
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