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Fabrication of Highly Ordered Titanium Dioxide Nanotube Array and
Investigation of Its Photocatalytic Activity

ZHUANG, Hui-Fang LAI Yue-Kun LI Jing SUN, Lan LIN, Chang-Jian*
(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract A highly ordered titanium dioxide (TiO,) nanotube array film on titanium substrate was fabri-
cated by using an electrochemical anodic oxidation method, and some preparation parameters of the TiO,
nanotube arrays were investigated as well. The SEM and XRD experiments were performed to characterize
the morphology and crystalline phase of the TiO, nanotube arrays. It was found that the morphology of the
TiO, nanotube arrays was greatly associated with the anodization voltage. The photocatalytic activity of the
TiO, nanotube array film was evaluated by the decolorization of methyl orange under the illumination of a
high-pressure mercury lamp. The results showed that the TiO, nanotube arrays prepared at 20 V and an-
nealed at 500 ‘C exhibited the best photocatalytic activity to the degradation of methyl orange. And the
photocatalytic activity of the TiO, nanotube array film was much higher than that of the regular TiO,
nanoparticle film.
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Figure 1 Arrangement of photocatalytic reaction experiment
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Figure 2 SEM top-view (a), and cross sectional-view (b) im-
ages of TiO, nanotube arrays formed at 20 V in w(NaF)=0.5%
and 1 mol/L Na,SO, for 5 h under stirred conditions
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Figure 3 SEM top-view images of TiO, nano-films anodized in
w(NaF)=0.5% and 1 mol/L Na,SO, for 5 h under different volt-
ages: (a)5V,(b)10 Vand (c) 25V
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Figure 4 SEM images of TiO, nano-films anodized at 20 V in
w(NaF)=0.5% and 1 mol/L Na,SO,4under stirred conditions for
(a) 30 min, (b) L hand (c)2h
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Figure S SEM top-view (a) and cross sectional-view (b) images
of TiO, nanotube arrays formed at 20 V in w(NaF)=0.5% and 1
mol/L Na,SO, for 5 h under nonstirred conditions
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Figure 6 Comparison of photocatalytic degradation rates of
methyl orange for nano-films prepared with different methods
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Figure 7 Changes in absorption spectra during the photodegra-
dation of methyl orange solution
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Figure 8 XRD patterns of the TiO, nanotubes annealed at tem-
peratures ranging from 300 to 600 ‘C. A, R, and T represent
anatase, rutile and titanium, respectively. The inset shows SEM
top-view image of TiO, nanotube array annealed at 600 ‘C
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W, BIYELLACPE T TiO, UK M52 1 it 28 4 BUERH™ FI
SLLAR A AR, 600 CHALILE FE S, SLARE
W Ay i 5 ) S MK, BB 22 (R BEERET L TiO, B4k
S, R A B THO, 12 R . XRD % &
255 Tao “PHRIEMIAE w(HF)=0.5%% 4% 1)
TiO, YK REHI LT 480 CHAb B 5 it B4 24
H, 4 600 CHUGILS JLF 58 A5 A8 0 &40 A B ) &5
RARK—5, XATREL TiO, 9K FEg I 2 I R A



2368 (8

Eibd Vol. 63, 2007

KER. HTHKREFEENA 10 nm A4, 23U R
(R, S 20 A7 0 BAZ AR A R A AT A BERT, g R i
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ARTCICHEACTETE, ML A TiO, JefEALIE i At
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.
B 1 TiO, GO BN B FE S6 HE fh WEA FF LA
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Table 1 The effect of annealed temperatures of TiO, nanotube
array films on the photocatalytic degradation of methyl orange

PALFRURE/C 300 400 450 500 550 600

= 35 22 K

qu@ggzzﬁaﬁy 0.1858 0.1914 0.2155 0.2257 0.1686 0.1500
k/min

AR RB R 0.996 0.988 0.998 0.998 0.986 0.996
3 45t

FE7% NaF [ PR IR A A 2= B A SR T,
FEATRIR IR T ) 4% T 2 A RO g HEFUAT P19 TiO,
R FEBIE. BIA AL FL B2 R TiO, 4K Ag 3
FRT (B B2 R 3R, a7 B AR i o S e S 8 n]
PN TiO, AR RUEERITE S nl #2561 %6 oK 2%
TiO, AR BEH1 IR B BRAT M5 Z1 A7 iy 184 5 ey 2 A Uk T

£ 500~550 CZI[A]. TiO, K FEF In HBLAE M
TR S N H AT IR DA PR e, HOG AL g PRI
i T FV I RS VL 46 1 THO, 9K IR, 28 500 °C
PAR RO L TiO, GHKAE BB IS T H o5z v PR
P 1, LG A B i DR RS IR R LI R AL kA
0.2257 min " '.
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