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Fabrication and formation mechanism of
self-organized TiO, nanotube arrays
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(2. Department of Urban Construction Engineering, Zhejiang College of Construction, Hangzhou 311231, China)

Abstract: Self-organized TiO» nanotube arrays were fabricated by a one-step electrochemical anodization process on a Ti
sheet. The prepared samples were annealed in air and detected by SEM, XPS and UV-vis DRS spectrophotometry. And
the possible formation mechanism was presented. The results show that the well ordered TiO2 nanotube arrays with the
average tube diameter of 150 nm and the average tube length of 400 nm were fabricated under optimized electrolyte and
oxidation conditions. The TiO> nanotubes exhibit strong absorption in visible-light region of 400—700 nm. The fluorine
with an molar fraction of 0.35% is doped into TiO> nanotubes, as evidenced by XPS. The removal efficiency of AO7 by
the F-TiOz nanotube arrays annealed at 673 K reaches 37.2 % under visible light irradiation.

Key words: TiOz nanotube array; anodic oxidation; formation mechanism; visible light

TiO» PAA
100~200 nm
(] TiO; TiOs
TiO, TiO:
TiO> 6~20 nm 200 nm

TiO» (23]
[4-5] K] _

TiOs (PAA) TiO, (3.0~3.2 eV)

(90206007 20676121) (Y507682)
(2007043) (200801) (Y200909263)
2009-11-12 2010-01-29

113858095018 E-mail chenxq73@126.com, Iclei@zju.edu.cn

[4]

TiO2



1726 9 TiO,

387 nm

1173 K F TiO2

TiOs
[7-8]
TiO» TiO»
TiO:
Ti F
TiOs
F TiOs
1
11 TiO;
( 99.60 %)
0~30V
0.5%( JHF 0.5
mol/L HaSO4 H;PO4 pH
NaOH 10~25V
2~120 min
[7-8]
673~973 K 2h
TiO2 P25( 30nm 70 )
Degussa
1.2 TiO;
(FE-SEM, JSM—5600LV)
X (XPS,
PHI 5000C ESCA)
PHI PHI 5000C ESCA System
/ 14.0 kV 250 W 93.9eV
1.33x10°° Pa -
(UV-VIS-NIR 2550 )
220~800 nm ISR-3100

13
(
170 mL) 300 W Xe
400 nm 20
mg/L II(Acid orange 7 AO7 Sigma
) 20V
2
21 TiO2
2.1.1 TiO2
1 Ti 0.5 mol/L H2SO4 + 0.5% HF
TiOs
SEM 1
v ( 1(a))TiO2
15 V( TiO:
90 nm 20V
( I(c)) TiO
110 nm 25
vV o ( 1(d)) 150 nm TiO:
30 V(
1(e)) 300~500 nm
TiO,
TiOs 1(H)
TiO» ( 1))
( )
TiO, [7,9-11]
2.1.2 TiO2
2 Ti 0.5 mol/L H2SO4 + 0.5 % HF
25V
TiO> 2 min
( 2(2)
60min ( 2(b))
90nm TiO;
TiO;
2(¢)
(d) 30
min 60 min 320 nm
400 nm



2010 1926

1 SEM
Fig.1 SEM images of titanium surface films anodized under different voltages: (a) 10 V; (b) 15 V; (¢) 20 V; (d) 25V, (¢) 30 V;
() 30 V, bottom of sample

50 o

200 nm

2
Fig.2 Influence of anodization time on morphology of titanium surface films: (a) 2 min (b) 60 min (c) 30 min, section of sample;

(d) 60 min, section of sample
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Fig.3 Influence of solution pH on morphology of titanium surface films: (a)pH 1.0 (b)pH 2.5 (¢)pH 3.5 (d)pH 4.5

4 HF SEM
Fig.4 SEM images of titanium surface films anodized in electrolytes containing different mass fractions of HF: (a) 0.1%; (b) 0.2%;
(¢) 0.5%; (d) 0.7%
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Fig.5 Current — time curves of Ti during anodization in 0.5
mol/L H>SO4 + 0.5% HF and 0.5 mol/L HsPO4 + 0.5% HF
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