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Abstract: Highly ordered TiO, nanotube arrays (TNs) were prepared by electrochemical anodization of titanium foil
in a mixed electrolyte solution containing fluorions, and then calcined at 450 °C to transform them from amorphous to
anatase, followed by hydrothermal treatment at different tempertures. The as-prepared samples were characterized by
X-ray diffraction (XRD), scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). The
photoelectrocatalytic (PEC) activity of the samples was evaluated by degradation of p-chlorophenol aqueous solution
under xenon lamp irradiation. The production of hydroxyl radicals (+OH) on the surface of xenon lamp irradiated
samples was detected by a photoluminescence (PL) technique using terephthalic acid (TA) as a probe molecule. The
transient photocurrent response is measured by several on-off cycles of intermittent irradiation. It was found that
hydrothermal treatment exhibited no influence on the crystallization and morphology of anatase TNs, but the
photocurrent density and PEC activity of anatase TNs after hydrothermal treatment were enhanced. There is little
difference on the PEC activity ot samples after hydrothermal treatment at fifferent tempertures. The enhanced PEC
activity of the anatase TNs was attributed to the fact that the increasing number of hydroxyl groups on the surface of

anatase TNs after hydrothermal treatment, which enhanced the increasing of - OH in the PEC process.

Key words: anatase TiO, nanotube arrays; hydrothermal treatment; temperture; photoelectrocatalytic

Wk H91.2011-01-31, Wil H 91.2011-03-23,
ZK A KRR R4 (No.21103131), #1AE A #H T 34 (No.T201215,020122507) % B 5 H
FEIRIK R A, E-mail : dgp2000@126.com  Tel: 0710-3592609



1618 kMl otk

- %28 &

k10 ZER ) T ALK 1R
AU F A A A 4503 0 FH B LR s i 51 A
IRz 50, B, 64 Tio, 48K 8 1 7 ik A 1R
2 AL FE I I~ B VR R VA K B0 b AR
R R OFN BB AL aX Ty e R E A B AR
AR T 45 TiO, AR E IS A Y, S M
B HERELIRGE Ao H 5 T MOG AR AR 7
53 B EOT 8 BR R AT 7 S BR i T B 5
TE AT TiO, 90K UKL LU AL | A7 7 90K B 4546 R
TR T — SR A R RBEEIEY N T
A BT A AR I TiO, 98 KA FE S B 2R R
HR R R O H R R BB BN FL AR IR AR IR A
W EAE RS, AR i i 3 1 A% 45 R e D aE A
BRI TiO, 9K B A 2 ra AR TR T F 3 B R
TGt AR HE T OeA B T 10 4 B R A e
HE AL P

1R Z 58 £ W] TiO, 1 G AL i 1 5 i 45 25 1
UG AL F T B TR O, e 51 J5 Ab 31 7 0 Ho %
PE S A K4S Ti0,(P25) 1 400 °C LA T #4403
J& SR A B AR A (R SR T 2 WL PR B 2 1 AR il
A5 A AL T M 3 AR e K AR T R R
6 BRUG AL 3R, AT AR B0 AR 45 74 Fi
P BE . Kontos 551 i 7K #Ab B P25 B 5 |, HOGAEAL 16
PEZYJE AL BRI 2 A5 AT b FoATTH B AR Ak
BT TiO, AOKE [ 5 | id J e Ak L4 i Ak
SHBUVERAET AR AR T K AR B SO i DL
P HOG ARG, XS — UOC T K AL B
KA TiO, 2 KA FES B HLIE | IZ A58 S il 45 8 Ot
PEARTE P TiO, v R ER AL 3 ) SEL B

1 LIEES

1.1 TiO, HKEFEI R E &

B A R R A2 o M 4l R AR VAL B EE 0.5
mol - 1.7 Na,S0,.0.5 mol - L™ H;P0,.0.2 mol - L' #7155
251 0.5wt% NaF ,pH 29°4 4, FHCAALTT , Jels sk
F(0.25 mm, 26 FE R 999%) K IRT A R S5 P9 B |
PRI ZE AR K PR 5 T R 15 min, B A ASRRT
S BRI HLARAR R | LLEK RS B, #11  R ]
W, &R T 78 20 V B HLE T 484K 10 h, BHA Ak
SE5e, MR B WK TR vk, AR
T R JE 7E 450 CHBERE 3 h(THRE R 2 °C - min™) fiff
HB BT, B, B EEkT 90K E 5 E A

100 mL 15 P9 S A K FREZ IR, JITA 80 mL 7K |
WEE ERFNREE T RIE 8 h, Rk A E AR A
ZEWRG UL R TE 60 CF T2 6 h,
1.2 %= f{E

K H A Hitachi 23 7 42 77 (1 S-4800 #4375 & 5
PGS TS IS, H H A Rigaku 23 FlZE
7= 1) D/Max-RB 5 X 58 AR AT GO BE S AT T
XRD M AE , TAESAH . Cu Ko o HRSIR 49 4 2
2 4(260)0.05° -7, i AL R F I 43 500 O 40
kV Fl 80 mA, KM EE VG B A A ™8 VG
ESCALAB 210 HL 76835 (06 £ i 54T X G4t
TRE IS (XPS) /T, X S LR U5 Mg Ko 514k, B 5 1)
SO HEHR LA K B XPS A28 A B (105 YL bk (Cls , E\=
284.8 eV) N NFREFEAT T AL IE
1.3 FEAFER

FH A bR o =l B R &R By Ak 2 g BT A
(CHI660C., |- 1 JR AR AL 38 A7 BR 23 w1 T 5 10
B, P LAE RN 0.5 em? WFE SO TAEHARL 40
22 XTI , Ag/AgCl (T FT KCl W) hZ R
0.5 mol - L' 1 Na,SO, /K# W A HLE WL, 7£-0.5~1.0
VRL3E S 2R M AR 22 43 45 0 A G 00 O H I R
Ui, AN 2 mVesT, FH 300 WOAIRAT 1E Ot
Ui, WA /N T 365 nm 38 N 0T 00 % 24N
20 mW-em™,
1.4 mELFEE

12 4 br fE = W MR &R By Ak 2 g B A
(CHI660C) b #EAT G b i Se i, Horb LU Tio,
PUERE DN RO, B2 I, Ag/AgCl (TRFN
KCl W) A2 i SEBAm i s 0.5 v, 75—
MK T7IE 4R 45 (25(W)x25(L) x50 (H) mm) 1% A 15
mL W 110~ mol « L™ 18 X5 S 28 W /K 5 1, K 2
2 em? ¥ TiO, DK Y B LW, H 300 W
AT R TR KT T B & TR it 10 em AL
JCHRHET e A AR | X SR I ALK Gk 3 — A W -
JUR RSP SRS REE AR 10 min S5, DA st v Hi b
IR, PSS A] DO 1A (UV-2550) 4 M 7 % S8
T3 Pl 300 5 i P BB 1% Y £ Il B et Ry T
oA, A A 1 78 AS it I s s 15 TiO, 98 2K 48 [ ) 1Y
SR IE M AR T REIN 0.5 VAR EE AT
HRISE TIO, 44K A8 R 40 % i SR AR TG P
1.5 BEEBHEOH)SH

FHT A Z W R R 3R o3 7l 3 9IS E 1



%8 W

G e I A5 K A BEBLBR AT TiO, 94 KA R 91 B I 5 ) 't W A 1

IR FEAE /7K AU A B R 3 F i 35 (-OH), X
RWRAES - OH Pk f I AE Bl &5 2 6 4 ot 2 %
FEXT AR T H RS0 SRR XK T IR TE 425 nm 4b
fig =R A, AR B 5K Y - OH 1Y & 8 IE
P iz LB B A0 IR S A B A SE g 2l R
X GRS 13 VS TR A R VR BE DR 5107 mol - L1 R
F 2 A1 2x107° mol - L™ 1Y) NaOH 1R & /KWW, 61
J& , H Hitachi F-7000 %% 56430 6 B 11 2 48 %4
FEXOR W R A R e e . M A 315 nm
() G I A AR ¥R X 2K — R A B 10 min, W 2 —
WAL T 425 nm LR AL

2 HRSUE

21 tHEHWSER

MRZ JEHT, TiO, 1 AH S5 48 R 45 & B2 X5 i 1k
TG PR R A2 A AR R SE MR, A 4548 mT L
I XRD 2K ZRAE , A Tio, 41K & 51 XRD &l 40
B TR, — e B SRR & 1 Tio, 90K
BHEHEICE LS LT 450 CHBEE 3 h 5 R
st ) JIT A AT S 068 43 S0 X 7 K 4 Jis A RN B BR A
(] 1a), B4 AH R JE T BRI AR | BBk AE 2 v T
BeJa JoE Y TiO, Ak R i KB b 35 1 Tio, 40
KA MY AR E TR S h J5, EM1m
XRD K5 FIBRE AL BT i FE i L3 A R BRI
14 2 1), BRI 06 1% ik R 9 B A A B AR Ak
Ud B 7K A B BEER BT IO, B 51 A9 A 45 # A &b
i VA S

JH SEM WLEE T TiO, 94K & FEF BB S (an &l
2)., Bl 2a SEMBEESE 1Y TiO, 9K BESI 1 SEM B, M
IR al Gl A 90K B9 A KA R SR

GV @

K2 180 “Cok #akh BERG 5 B BLEK DT TiO, 4N KA 1551 ) SEM K

1619
A:anatase  T:titanjum T
3
&
2 d
g
£
° °
2z o
=
2 ‘ -3
LN&—L
1
20 30 40 50 60
20/ (°)

(a) un-treated, (b) 120 °C, (¢) 160C, (d) 180 °C
1 A TR E K b B S B9 BB TiO, 94 KR8 [
HI ) XRD &l
Fig.1 XRD patterns of anatase TNs before and after

hydrothermal treatment at different temperatures
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Fig.2 SEM images of anatase TNs before (a) and after (b) hydrothermal treatment at 180 °C
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TNs before (a) and after hydrothermal treatment at different tempertures. (b) 120 C, (c) 160 °C and (d) 180 °C



G e I A5 K A BEBLBR AT TiO, 94 KA R 91 B I 5 ) 't W A 1 1621

%8 W

Ols(Ti-0)
=y
2 0
g b
o
2
=
&

a

1 1 1 1 1
525.0 527.5 530.0 532.5 535.0
Binding energy / eV

F5 160 CoK # b BT () 1AL HILF (b) 19 BLER D TiO,
ARG BRI OLs w20 Bhilk
Fig.5 High-resolution XPS spectra of Ols region for
antase TNs before (a) and after (b) hydrothermal
treatment at 160 °C for 8 h

M A A T IR OB (Ti-OH+HO-Ti—Ti-0-Ti+H,0),
B BE 5 B RE il 7R 28 2k 7K 34 Ti-O-Ti B 23 ek AE
B Ti-OH , 3 55 SCERU2I B 7T 45 R — 3, 7oAk
AR TiO, 2RI Y R L B R 5 0 AR A U N A
RS A A (h+OH—-OH) R F R A m S
AR R, R RESE L | UM
SERO7 PR I AN s 3L A K PR A B S 04 R O A AL

200
180 A
160 |
140 [
120
100 |
8ol
60 |
40 [

Fluoresence intensity / a.u.

350 400 450 500 550
Wavelength / nm

TP RN K AR RS (R A O T
By S P FE S T A R SR R Ay Ry
e,

Ry ik — AR SOR R R S OGS M 22 R S
FMRIER R K TS A E Tio, 41K
ERESREFR  AE FRAE A JB 6A JEIR T
R ZHRRIF W 2EO6IE SO R, ME
JCRART RGN, A 160 CKFLE RIS B RE & 1Y
VEWRAE 425 nm A (158 658 B2 3 W 55, oK, A
A UL R v P B R L SR IR
Ko, ISR - OH(5E MG BT 78 Ti0/ /K 5t i
Az IR 56 2R R N A ) 08 5 R xR
TR 7 USSR IR 5 T R A I PR
M IE L, & 6B Hh#R TG 30 min f5 /K VET S
A BLER R i 1922 65 B2 D L ehn] LAY RE B 3]
K AL P TS R AR R FR Sk A S B B 2 T KA
AbFEHT R RE S, UL KBS B RE S AR - OH B
Z Xl TOLMUE  Tio, i B ny = 7 Of 53&
TET 2 o6 9 8 R B A B - OHL, - R i 3R THT 1) 2 0 5
A AR IR R 2 K A B AR R
TET 1) 98 ik 5 S 34 | CHL ™ AR ) R R s O A
AT Y=

100 | B

60 L
40}

20

Fluoresence intensity / a.u.

350 400 450 500 550
Wavelength / nm

K6 (A)EA 160 CARFAL RS i BLERD™ TiO, 49K & 4 51 1 % 48 — T2 (5x 10~ mol - L) B P 1 W 9 2
G156 IR H] Y OC R & (B)G IR 30 min J5 A K AL BRHT IS 19 TiO, 24 K8 BE 51 5 Y 4 28—

FH R (5% 10 mol - LU #5919 9 D' i

Fig.6  (A) PL spectral changes with light irradiation time on the TNs after hydrothermal treatment at 160 °C in a

5x107 mol - ! basic solution of TA, and (B) Comparison of PL spectra of the TiO, nanotube samples before

(a) and after (b) hydrothermal treatment in a 5x10~* mol- L basic solution of TA under light irradiation at a

fixed 30 min
3 & i

TE & Na,SO, H,PO, NaF FIFF R 44 1R &

FEL VA TR, Al e FE AR AR R A el A T R
AP TiO, K R, 450 CH ke b 35 T8 B
B TiO, 99 KA AL A BLER S A | P56 AN [R) I R K



1622 Jx Hl fk

-

&
3
gl

AL BUGE S R AL G AR S R R IIE S B
ARk EE HL AR R B SRS 5 T AN () i R K PR Ak
BRSO RE a9 OE AL IE TR 20 AN K KRR BS
(SRR i PR 5 1 I £ D R 2 T AR R R T e 2
R A A R - OH B

SE k.

[1] LIU You-Song(XI A #), ZHANG Bing(5K3i&), ZHU Lei (4
#), et al. Chinese J. Inorg. Chem. (Wuji Huaxue Xuebao),
2011,27(8):1555-1563

[2] Shankar K, Mor G K, Prakasam H E, et al. Nanotechnology,
2007,18:065707

[3] CHEN Yi(#1f), SHI Li-Yi(#i #13%), YUAN Shuai(% Jib), et
al. J. Inorg. Mater.(Wuyji Cailiao Xuebao), 2009,24 (4):680-
684

[4] Jung J H, Kobayashi H, Bommel K J C, et al. Chem. Mater.,
2002,14(4):1445-1447

[5] Yu H G, Yu J G, Cheng B, et al. Nanotechnology, 2007,18:
065604

[6] Kasuga T, Hiramatsu M, Hoson A, et al. Langmuir, 1998,14
(12):3160-3163

[7] Yue L, Gao W, Zhang D, et al. J. Am. Chem. Soc., 2006,128
(34):11042-11043

[8] Mor G K, Varghese O K, Paulose M, et al. Sol. Energy

Mater. Sol. Cells, 2006,90(14):2011-2075

[9] Grimes C A. J. Mater. Chem., 2007,17:1451-1457

[10]Zhu K, Neale N R, Miedaner A, et al. Nano Leit., 20077
(1):69-74

[11]Yu J G, Dai G P, Huang B B. J. Phys. Chem. C, 2009,113:
16394-16401

[12]Bai J, Liu Y B, Li L H, et al. Appl. Catal. B, 2010,98(3/4):
154-160

[13]LI Dan-Dan(Z 7+J1), LIU Zhong-Qing(X] H13&), YAN Xin
(Bl AR ), et al. Chinese J. Inorg. Chem. (Wuji Huaxue
Xuebao), 2011,27(7):1358-1362

[14]Yu J G, Yu H G, Cheng B, et al. J. Phys. Chem. B, 2003,
107(50):13871-13879

[15]Yu J G, Dai G P, Cheng B. J. Phys. Chem. C, 2010,114(45):
19378-19385

[16]Yu J C, Lin J, Lo D, et al. Langmuir, 2000,16 (18):7304-
7308

[17]Kontos A I, Arabatzis I M, Tsoukleris D S, et al. Catal.
Today, 2005,101(3/4):275-281

[18]Ishibashi K, Fujishima A, Watanabe T, et al. Electrochem.
Commun., 2000,2(3):207-210

[19]Yu J G, Wang W G, Cheng B, et al. J Phys. Chem. C,
2009,113(16):6743-6750

[20]Yu J C, Yu J G, Zhao J C. Appl. Catal. B, 2002,36(1):31-43

[21]Yu J G, Yu H G, Cheng B, et al. J. Mol. Catal. A: Chem.
2006,253(1/2): 112-118



