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Progress on Fabrication, Modification and Applications of Titania Nanotube Arrays

SUN Lan* LI Jing ZHUANG Hui-Fang LAI Yue-Kun WANG Cheng-Lin LIN Chang-Jian
(Department of Chemisiry, College of Chemisiry and Chemical Engineering, State Key Laboratory for Physical
Chemistry of Solid Surface, Xiamen University, Xiamen, Fujian 361005)

Abstract: Titania nanotube arrays as a novel nano-material has unique highly ordered array structure, good
mechanical and chemical stability, as well as excellent corrosion resistance. It has been fabricated by
electrochemical anodization of pure Ti sheet in electrolytes containing small amounts of fluoric ions. This paper
reviews the new research achievements of TiO, nanotube arrays on the preparation processes, forming mechanism,
modification and the applications in the photocatalytic degradation of pollutants, solar cells, gas sensor materials,
photolysis water. The existing problems and further prospects in this field are also discussed.
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Fig.1 SEM top-view and cross-sectional (inset)

images of TiO, nanotube arrays
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Table 1 TiO, nanotube arrays: preparation conditions in hydrofluoric acid system and morphologies

Main factors

System Potential Temperature Anodized time Morphology Influenceing
Morphologies
0.5%HF 10~23 V= Room temperature 45 min Diameter: 22~76 nm Potential

From 10 V to 23 V¥ Room temperature
Sweep rate: 0.43~
2.6 V-min™

20 V&

Room temperature

Length: 200~400 nm
Wall thickness: 13~27 nm

Depending on Tapered conical shape Sweep rate of

sweep rate potential

20 min Diameter: 80~90 nm Potential and

Length: 400 nm concentration of HF




% 11 0 BN IO, AR RS 1 S R L RS 1843
gk

0.5%HF: 10 V and 20 V Room temperature 45 min Diameter: 22~76 nm Potential
CH;COOH=7:1""! Length: 200~400 nm

Wall thickness: 13~27 nm

5~50 C 45 min Wall thickness increases  Temperature

with decreasing

anodizing temperature
1%HF+2.5%HNO*  From 0 V to 20 V Room temperature 240 min Diameter: 100 nm

Sweep rate: Length: 400 nm
6 V-min™ Wall thickness: 20 nm
1%HF+2.5% From 0 V to 20 V Room temperature 240 min Diameter: 10~120 nm Sweep rate of
HNO;+0.5 mol - L™ gradually Length: 560 nm potential
H,BO Wall thickness: 20 nm
0.5%HF+1mol - L 10~30 V Room temperature 0.5~12 h Diameter: 10~100 nm Potential and time
H,PO Length: 1 pwm (max.)
0.3%HF+1 mol - L 1~25V Room temperature 60 min Diameter: 15~120 nm The diameter and
H,PO,™ Length: 20nm~1 pm length depend linearly
on the potential

0.15%HF+1 mol-L"  From 0 V to 20 V Room temperature 12 h Diameter: 140 nm Time

H,S0°

Sweep rate: 1 V-s™

Length: 500 nm
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Table 2 TiO, nanotube arrays: preparation conditions in fluoride systems and morphologies

Main factors Influencing

System Potential pH vlue Morphology )
Morphologies
1 mol - L' Na,SO,+ From OCP* to 20 V Alterable Diameter: 100 nm Anodized time,
(0.1%~1%)NaF" Sweep rate: 0.1 V-s™ Length: 2.4 pm (max.) concentration of F~ and
Wall thickness: 10~20 nm pH value
1 mol - L™ (NH,),SO+ From OCP to 20 V 5~6 Diameter: ~100 nm Sweep rate of potential
0.5%NH,F" Length: ~2.5 pm
Wall thickness: 50 nm
1 mol - ™" (NH,)H,PO+ From OCP to needed Alterable Diameter: 40~100 nm Potential, concentration of F~,
NH,F! potential Sweep rate: 1 V+s™ Length: 100 nm~4 pm anodized time and pH value
1 mol- L™ H;PO+ From OCP to 20 V 4.5 Diameter: 100+10 nm Sweep rate of potential
1 mol-L™" NaOH+0.5%HF"™! Length: 1£0.1 pm
Wall thickness: 10+2 nm
0.2 mol-L" trisodium 25V Alterable Diameter: 110 nm pH value

citrate+1 mol+ L' NaHSO+
0.2 mol - L™ KF%I

Llength: 0.2~6.4 pm
Wall thickness: 20 nm

*QCP: Open Circuit Potential

1.2.3

KA PR R

Hif PR 2 45 1 TiO, 99 K4 B 512 AR K
MU A 54 Z A 22k, S RANURR S T
AN T AT LY AR R T VR WK BE |t — 2D

7 SR T T BICH R DA A R A F

KA TiO, PR EFES B S AL (]
Fe | R K 5 A BILYE R RO TC L A5 A A R0 A S
TiO, AKAE BB AL STy T4 (UL 3).,



1844 ol A

N

s 55 23 &

®3 AKBEIERFE TO, MABEHEIMNEHREMREE

Table 3 TiO, nanotube arrays: preparation conditions in aqueous organic systems and morphologies

System Potential

Anodized time

Morohol Main factors
orpholo,
photosy Influencing morphologies

Glycerol+0.5%NH From OCP* to 20 V 13 h
Sweep rate: 0.1 V5™
Polar organic electrolyte+

fluoride(or HF)*!

Depending on the

Organic polar electrolyte+
fluoride (or HF)*

Depending on the

Depending on the
composition of electrolyte  composition of electrolyte
Depending on the

composition of electrolyte  composition of electrolyte

Diameter: 30~60 nm
Length: 7 pm (max.)
Diameter: 20~150 nm Polar organic solvent
Length: 134 pm(max.) and potential
Diameter: 20~150 nm

Length: 220 pm

potential

*OCP: Open Circuit Potential
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Fig.2 Schematic representation of the TiO, nanotube
arrays formation: (a) compact layer growth to the
maximum thickness, (b) breakdown of the barrier
film, (c) growth of the pores resulting in worm-
like structure, (d) more ordered structure
partially covered with thin layer, and (e) regular
self-organized TiO, nanotube arrays structure
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Fig.3 SEM top-view(a) and cross-sectional view(b) of TiO,
nanotube arrays. The thick of the layer is 2 pm
Sample anodized at 20 V in 1 mol- L™ (NH,),SO.+
0.5% NH,F for 2 h after a potential sweep from OCP
to 20 V with scan rate of 250 mV-s™
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Fig.4 SEM top-view (a) and cross-sectional view (b) of
smooth TiO, nanotubes 7 pm long produced in
glycerol electrolyte with 0.5%NH,F at 20 V
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Z 07 N R By aE s A X GRME R Y
TiO, AUKRE BT MR A BE R 551k
RMABAM, KR 25 um ALK 3.3% (06K
540 nm), %y 500 nm BELEH 1.6%OCEHE 530 nm)™,
BEN 4 pm LN 5% Tt IO A B 46 45 11
O HL U T 7 52 T R Wang 158 T K 220 nm~
2 wm TiO, PR FEH AR | KRS
B NG B AL RBOR N 0.1% 3 £ 0.62% , it
Ah, ZIE Y Ik L B R I PTG 3.28 mA -
em2™_ Grimes LA 89%(C4Ho),NF 19 H! Tk Jii Sy e, o
WA A K 220 wm B9 TiO, G0KAF 451 1 28
1T b B YRGS AR ROR R 6.89% . TT I HL
020 0.817 V G FEHL I B 12.27 mA -em?, Hot
HL G AR SSCR AT T 6 um 1 1 G4 KA BE S 79 & T
62%., TiO, 41K FE 5 1% i 5 45 57 Z2 T 22 1) 2
M), G H e J LB A T R 5 1) B S P 4 3 v O
FL 2 460 00 3R 2 ATt PR AR A i) 73T

223 KA

FAE 1972 4F Fujishima A1 Honda HLARE T A
n B AR TiO, S K i &0 IR X — S8 Y F
FIRLAEZ KT, TiO, BB 5 /K I E LA S5 i 7
FADCEL | Sk A i 2R BEAE AR U2 4F 5K Tio, 40
KA BB b b it 2 L ) A B R 14 JSC T B A Dl i K
A EAEA R 2 — i 4RIE , DL TiO, 91K 8 5
R A O BH B i B O H Tt SR A R R
7.6 mL-(h W)™, LB ALRCR R IR 12.25% , 590K
TiO, ¥y AR A L | 7= SRR KR FEH2 5170 Grimes % %%
TORTRNIR BE R 45 1Y TIO, 9K A A 1 7 A0
R I B AR RE AR A ORI R |5 CT
F I TiO, 90K A M 5 ELA 505 1Y 45 B | 7 L Ry
24 mL-+(hW)"™, 5 X PLE R T 6l 8 K8 6 wm 1
Ti0, 94 KA BES R S BEAR | 1T Do Ry e | H = &k
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N 175 wL-(hW)! EHEARRCR R 0.6%™, HAT,
1T Ti0, Z5 47 58 B2 i B i AR LA S 06 S G i b
K PHYEAG R D | 3 e e A K il SR o fife R 1)
[m) 2 —

224 SRS

TiO, 44 K & B 5 B BB AT TR I B 3 [
JT R R A TR R AR S, Varghese % LA
ANTRITE S TiO, 40K A48 B4R 51 S 800 &< < BofG
AR R RN RO AR 22 nm 1Y
TiO, 94 KA BEF X A A R AT H 2 /5 0 e e
HIE 25 10 £%;290 CF, S M 0 B4 m )
500 mg-L™, P2 22 nm TiO, 44 K48 51 1) i BH AR
ik 4 B G IR RREA A R B = i HL T AR
T EARTS ) TiO, 94K 58 MRS R B2 10 nm JE 11
Pd & il 45 B S B B RHE 3R R SO T s
107, 2 H A e s S B0E MR Z — . Tio,
YA BB A v ARG T VR T LR B ) T B 5
PR b i BEXFRYED HAT, X Tio, 99K
W S AL B BE M BIF S IR M B 7 | IR AR G 5
M) PR B 1 2% A DR 3R B A% L i 2 AR o 22
GO

2.2.5  HAth Ty i A R

VB A 37 T B 3 G IR AR L0 K A4 R | TiO, 40 K4S
W45 45 7 TR AR I DL R PR BB IE — 2B 20 R ok . LA
AR AR W] DL R B FE A Aok AR ANk
PR LRI ER TR SR IR AE | X b ek ELAT 3 35 1 ) 4k
FRPESL TE TIO, 0K 8 M 51 L o 0 B 40 3k 48 A
Qb B B 1) ¥ J Wl K A U SR AE RS AR Y iy L Ak
S REOL T 4K | TiO, 409 K A5 4 91 Al BH 1k 14 8 X 3k
PR I 4= irh B 4 Ja 5 - ) AR I B 0 LUK AR Oy
FER I TiO, K FES, 7E 1.5SBF BRI Hhif
SIS AR R R AR A AR
Pobp b Sia b i B T AT MR 4 SR AR T T AL
L TiO, 99K WS BAT R4 AR s o i 17
FRIEWE A PRI i AR R A AR AR
A BT 2z

3 & &

PR Dy — i B B 40 K B4R TiO, A0k I 51 2
SACHEACRE AR5 3L SR R BHRE L b DL
IR AR AR DL AR W R R U R )
W (4 2 RT3, B SE AT T X Tio, AR B R 51 Y
R APESGE T Al LGRS, &R T HA ]

JLICWE I 1Y) TiO, 20K M5, (EZ AN H 9 A 5T 25
FRF T UG AL B RE e e AR IR AR, X 4% ol
M7 AT LA ML A A PR AF TSI, (5t
A] UL G RN TiO, 44 K A8 [ 51 B A0F a7 K 2 4 e Y
Wz — HR Gl AE Tio, KA FE 51 194
REE R v I | Il A R G R LB S A R
— T TiO, DR S BOL R SRR i
A BRI Z B, A RATER TiO, 44
KA FESIAERPHAE | AR s LA KA b s
0 o BT FE S R

TiO, 24 KA P4 5] 1) il 2 AR AIF 8 5 R Ak |
YrEt preE TRRSEARL BARITAE R ANTR TiO, 9
KEBEINHEAT T 20T, (A0 R EERMB T
87 FHIBIE S #R id AVF 22 TR v 1o TR ABIETE AN ke, 5>
J5 R LRI FE 7 T, 40 TiO, 94 KA 4 4 i il £ R
FIE LB TiO, 24K A8 M8 B A A8 I R BE J52 26
SR A R T RO S A2 R 2 T AL
KA GETT R FE N AR SE R AT A8 HIE S 7
1, 324 0 1k BB TS 18 R Ak T 5 3 & i B Bir B, TiO,
ZNKAE BB B 1 7 25 T A A i — o 1 22
BB [ RO Tl Al 98 e 58 e A SE BRIV T ik
i B AR Z 1 TAE

SEH .
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