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Anodic Oxidation Mechanism and Annealing Influence of TiO, Nanotubes Arrays

YIN Guang-Ming? LIU Da-Meng™' CHEN Wei' KAN Wei*

('College of Energy Resources, China University of Geossciences (Beijing), Beijing 100084, China)
(Analysis and Test Center, Qigihaer University, Qigihaer, Helongjiang 100106, China)

Abstract: In NH,F+H,0 ethylene glycol solution, the TiO, nanotube arrays were fabricated on the Ti substrate
via anodic oxidation method at room temperature. The induced electric-field growth model of TiO, nanotube
arrays was created. The formation of TiO, nanotubes’ tubular morphology is bound up with TiO, semiconductor
properties, The results show that there is relationship between nanoparticles on nanotube surface and space
between walls. After annealing treatment, nanotube wall was comprised of 12 ~14 nanoparticles which the
diameter of 25~35 nm, and the nanotubes’ structure has been destroyed at 600 °C. TiO, nanotubes present

Anatase after annealing between 300~600 °C. Specific surface area of nanotubes drop with temperature rise.
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Fig.1 Evolution of nanotubes during the process of anodic oxidation and top-view SEM images of different oxidation time
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a: Nanometer strip structure SEM images of TiOy b: Top-view SEM images of unannealed namotubes; c¢: Top-view SEM images of 400 °C

annealed namotubes; d: Top-view SEM images of 500 “C annealed namotubes
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Fig.2 SEM images of the nanometer strip structure and top of TiO, nanotube
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Fig.3 SEM images of wall and bottom of the unannealed TiO, nanotubes arrays
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Fig.4 SEM images of wall and bottom of TiO, nanotubes arrays
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Fig.5 XRD patterns for TiO, nanotubes arrays

A —3,
24 AEIRELEI TiO, K EH N, Wi

56 R Bt

MY A i 1) 0 BT B £ P& DL IR 6, 7
AHXS 1 (plpe=0.5~1.0), W BE 45 i 2k R —4
PR — IR JE T HL 288 H RLIR B

—#— Unannealed
—e— 300 C
—A— 400 C
—y— 500 C
—— 600 C

AL AL Ab—dh—db

A AAAA AA AL AL AL-AMAL-AL

v T M 1 v T ' 1 M 1
0.0 0.2 0.4 0.6 0.8 1.0
Pip,
6 AR it B it £k 1
Fig.6 Graph of nitrogen adsorption and desorption at

different temperature



%6 MM

JBET WHAE L TIO, AR A PR S8 Ak i o5 I B K B4 Ak 2100 HC 52 1209

AR 2 Sy 1 15 £ 8 20 K FL Al HLAL AR KNI &) o A
BEAE R /INE — W RO A HE R T s L /e, 3R
iy P 8 28 A i BE AT AE SRy A 0 KA S — M R AR
U 1) T AN B R A [ I R B R S A —
AT AAE FLIE Bl I 3 0% T R RS R IS8 A
Jo Wi Mk H) 400 CHE I8 B R K E B2 IR
JETH I R R L BET 31545 5% s Rl I T =
Ti0, 99K 1Y b 2 1 AL AL B0 T Mk 3 | R 228 kY
TiO, DK 1Y L 2 i AU K, 59.93 m?-g™!,600 °C
IR KRB TiO, K 1Y L R AR /N, 4 34.79
m?-g™, LR N BRI B TR A TR R A T A
LN KA 118 0 K RO A i 3 A 8 R 4 oK SR 4]
BRI RERT T,

3 & it

FH A% 4804k il £ TiO, 90K A8 4 5 T R A fk &
T 5 o A 50 ) R T VTR | 3R 1M PAY i S T e
FEAR RN 3 U OB, AR AR R
S AR LA i AR FL SR TiO, 1Yk SR
JOT R RN L3715 S e A RS R R R R

A 238 KA ) 91K A TIO, Sh 2 TH Y B 2R
ARZE K& 0 Tiv e AT BR 25 Rl N = R 1 i
KB 7, Tiv 58 BRR Y H,0 W B B Tio, 494K
R W BT 2K A8 3R T R, 280 AR A B 1 A
KAEE T H 12~14 A HAR N 25~35 nm 145K ik
RAERYL N, 90K 8 1 B AT AR K1) Tio, A
KA HARW/IN TR 600 CCHT TiO, 49K & &R G5 M B
WA, XRD 453 W78 7F 300~600 Z [ 12 K Ak B )5
TiO, YK N BT T TiO, 94 KA 18 N, W B e
WG B TR T HL SR R IR A B A A3 A 3K W
TiO, KB E R KN 5) 534, Wl I B2 T v 2 %
TiO, 44 KA 45 BE 1) 9K R R L e R m A 2 3
TR BRI RTN59.93 m?- g,

SE k.

[1] Chen X B, Mao S S. J. Chem. Rev., 2007,107:2891-2959

[2] Fujishima A, Zhang X T, Tryk D A. J. Surf. Sc. Rep., 2008,
63:515-582

[3] Gong D, Grimes C A, Varghese O K. J. Mater. Res., 2001,

16(12):3331-3334

[4] Ghicov A, Tsuchiya H, Hahn R, et al. Elecirochem. Commun.,
2006,8(4):528-532

[5] Ruan C, Paulose M, Varhese K, et al. J Phys. Chem. B,
2005,1091:15754-15759

[6] Paulose M, Prakasam H E, Varghese O K, et al. J. Phys.
Chem. C, 2007,111(41):14992-14997

[7] Ghicov A, Tsuchiya H, Macak J M, et al. Electrochem
Commun., 2005,7:505-509

[8] CHENG Wei(FE ), XU Jin-Ye (5 42 #), HU Jing(# ),
et al. Chinese J. Inorg. Chem.(Wuwji Huaxue Xuebao), 2009,
25(1):92-98

[9] LI Hong-Yi(Z= it ), WANG Jin-Shu(ZE 4 #l), CHEN Xin
(MR JiX), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2010,26(2):217-222

[10]JAlbu S P, Ghicov A, Macak J M, et al. J. Nano Leit., 2007,
7(5):1286-1289

[11]Raja K S. M, Paramguru H, Paramguru K. Mater. Lett.,
2005,59(17):2137-2141

[12]Mor G K, Varghese O K, Grimes C A, et al. J. Mater. Res.,
2003,18:2588-2593

[13]LAT Yue-Kun(#i X 31), SUN Lan(#h &), ZUO Juan(Zc1H),
et al. Acta Phys.-Chim. Sin.(Wuli Huaxue Xuebao), 2004,
20:1063-1066

[14]Macak J M, Tsuchmuya H, Schmuki P. J Angew. Chem.
Int, Ed., 2005,44(14):2100-2102

[15]Taveira L. V, Macak J M, Tsuchiya H, et al. Electrochem
Soc., 2005,152:B405-B410

[16]Wang D A, Yu B, Wang C W, et al. Adv. Mater., 2009,21:
1964-1967

[171Su Z X, Zhou W Z. J. Mater. Chem., 2009,19:2301-2309

[18]HE Yu-Liang(fif 55%), CHEN Guang-Hua(MG48), ZHANG
Fang-Qing(3K 1 1if). Non-crystalline Semiconductor Physics
(3F &b & F F A 4 2 F). Beijing: Higher Education Press,
1989.

[19]HAN Ru-Qi(¥5 I F5). Physcis(Wuli), 1979,8(2):117-123

[20]Prakasam H E, Shankar K, Paulose M, et al. J. Phys. Chem.
C, 2007,111(20):7235-7241

[21]ZHOU Chen-Feng (& 1 &), WANG Zhi-Yi( £ & X). J
Inorg. Mater.(Wwji Cailiao Xuebao), 2009,24(6):1125-1131

[22]Masuda H, Fukuda K. Science, 1995,268:1466-1468

[23]XU Ru-Ren(#& WA\ ), PANG Wen-Qin(JE 3 %), YU Ji-Hong
(T £L), et al. Chemistry-Zeolites and Porous Materials (%"
T 9% 5 % LML ). Beijing: Science Press, 2004.



