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Abstract

Single-layer and two-layer TiO; nanotube arrays were fabricated by anodization of pure Ti in
ethylene glycol-based electrolyte containing 0.3 wt.% NH4F and 6 vol.% distilled water in poten-
tiostatic and in-situ voltage up mode respectively. The top-view or cross-sectional morphologies
were observed by scanning electron microscope. The effects of applied voltage and anodization
time on tube diameter and tube length were studied, and their quantitative relationships were
preliminarily summarized. The results show that the tube diameter and the length of TiO; nano-
tube arrays increase with the applied voltage, and there is a linear dependence between tube di-
ameter and potential in a certain range. The growth rates of the tube length are different at dif-
ferent voltage. The tube length linearly increases with the anodization time, while the tube di-
ameter is little affected by the anodization time.
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R P A R ALFH R BA AR E AL EE 0.3 wit.% NH4F. 6 vol.% H O Z —BE R ', FEARRE 2 7%
# B ENMMEHTIOHPKE, JFFELHMHATEMENE T REMBEAES. T HRELRE.
EXNPOREER. RO, MIPRETHEERNE’XR. SRRY, EXLBRFNT, HKE
BRAEKEREEINTEn, £-cHEEEANEREAEELEEKIR, BRESARE TR
HARBEKRE; JOREEREEACH 7] /38 g iesgin, BRNER BN,

K §EiA
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1. 53|

TiO, RIHLAES et Al SORMBUL A BH AE it . A= 47 B 25 55 I FH AT I 1 PR 0 S5 1k i 1A A ) A 2
SUE SR EDZ —. SHAMGCKRERIAL, —4E Rk KE B R LR R . R b
AR SRR P EE T, SIS & B A )2 . H 1999 4F, Zwilling S8 [1] 1 IRHRIE T 16 & A 2R 1
R AR, BT H A A B AR A VA LR B TR AR R T B 38T i TiO, 492K i (Titania nanotube, TNT)F4: %]
J&, FHRBTFEIRE R JE . E HF B AR 28 —ARGK e, 8 2 JE AT 500~600 nm[2], MHI5Z
FIPR; S NaF 50 NHGF 1R M2l i, 9eoREKE K 2 2~4 pm([3]; filt, fER/KAENLE
AR R (U0 & B, BRI HE = A 7 BRI R R LB K 1 2 = ARG K (4]
BT R AR, FHA S A P PR IS 1) 45 2 B0 ) 5038 K e R oK A8 1) RST B 30 A B RSl [5]-[8]
— A, PEARSE AL B R AR ORI AR, F AR R R A, TR S A K R 1 S R A
W E>, HAME R E EX R ADHEIRIE. 57, SUZ ZAAERGKE R BN E R
G, AMUAHA TE R IIR AN, BRI AN [F) T — 2 5 2 G oK 1 F 03 IR A e ol AR g RSE 2808
BRI AR R — NI T I [9]-[12] 0 B AR XUZ TNT F 1 46 1 A 3 o V2 g oK i A K FE I BRI SR A S
HSTIL, DA AR S A s AR R L. AR SCHEST T AE 0.3 wt.% NH,F. 6 vol.% H,0 [ 2 Rl
R, PEASEALE R BT B K E SR BRI, FYPE R ERAR, BIENRED
FWUJZ TNT B n] )& 32 gt — e iR 5.

2. PARIHIEARAE

Tl AR TAL(BER I 5 Bl B A 5 SR U1E| BE 77 % F (10 x 10 x 1 mm), 4351 ] 400#. 600#
800#. 1000#E HHRP AR FT IS, fHFF SR G K B NG &R FEMR A M, RECHEMEBR. &
Jei, MR B ToKZEE. — oK B IEYE 5 min, HET& M. FIMEAAE B AT B0 A &
AL TR e T, FHARCA A TRARBE B ER Fr s AR ERAR, FEARIA]EE Y 3 em (4] 1) BLE 0.3 wt.% NH,F. 6 vol.%
HoO 11 & B O HARR, RN R AR RS B b, I ORFF FARIRIR S 9 25°C . BHAREME—&
A g FE B FL R KR-30001( 1 438 H - RHE A R A 71 ) S B o YRR FH 1E A S o AL 0V BL 15 V/min
(11 338 2 v 38 995 1 5 1 BH M 48040 B 5 (10~90 V), {545 — 5 I 4] (10 min~4.5 h). XUZ TiO, 4K
I JE A T PHAR A i %, RISk A 78 20 V ORPHIRALL 3.5 h b, A s ffid fE, B3k R
A 15 V/min (RS E] 50 V, FRAREE 50 min. PHARSEACEE SRS, FESRH — UOKE R BT TR & A
A B T E BT T 30 AR A, B RIBE B AL SE IR i & — oK SE fa ,  TEIRYE 1R K (50%) Hig i
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Figure 1. The schematic diagram
of the anodizing apparatus
1. PARENRERER

5 min SEECH, FEH SR T BRI E T 48 T R T PR A BN AT SR A T B OB (Scanning
electron microscope, SEM; Hitachi S4800, TM1000) 5 #¥: & 33473 Tl AT I AW TS S R AL 22

3. &R5118
3.1. PEREHHBES TNT ERAF M

WA ZEARGURE AR M= B 7] [13] [14]. BEAREA Z AR AT S TRl P, BEAAER
RIH R — 2B Tio, i (R FIMAEAE, X2 TiO, Bl )2 R AL 5 7 if, L% I+ B
)R & ORI BRI Z L2 SB= B, fEAAZENHER T, A7 HE0 SRR PRSI 2 4L
JE R BIRREA TS S B0 Z B 2 L2, DR 5 58 A T e I B b, e B A T R HE RS e
FEWR, BEBRBCRMCEN N AEAE SR B EYRE T, THOSIRE RS R8T . Bk,
AT BE AR AR F 6T TNT ARSI, 7EAS R B HE R I BN R BH AR B AR BT TR (2 1), {3045 BTl 46 1)
TNT & TH FHEFI B BRI LS S fLER .

K 2 T ARREAG RS T HTHI SRR AR T SEM Bl 53R B S LT T 7R A T S Y
(10~90 V) R, A AGBRGKAE BELAR B it 0 g s i3 K, AN 10 VI 1) 48 nm 39K F 50 V 1) 125
nm, 90 V TiAH] 165 nm. [¥] 2h St 790K E SME R Mt R R, 7E 0~50 V [l N 20 R 4P 2k
PR, HHTE RN D =D+ kUpog» Do=32.38+3.56 nm, k=1.94+0.12 nm/V. ZHEE§THCHk
HOEFIL8] [14], FEZH) Do RIHRR T FHRAILHE, UKEERIEM T AR AR, kK ERD
WOLT R S RI0KRE AN . TEBASGUIR A S BE AT DLSE A 7k 1M AS 52 J L AH A0 40 K R Akl ) 17
T, JFEHIL ENN K = 2fgomn =5 nm/V[15], ARAHE Tt A AH AT 6 BR 1V F AN o] 208, 3350 K (i PRI
) 2nmiV. 4, mEEXKEEUE AR, TR FE Dy i 20 s, A AR R R Hi 1 AR i —
WK, SEERSHEERNZ AR ARNERIAEER R, MR EE T2 0.

3.2. PHARSEMLERERT TNT EKHIR M

DB T AR S A H R TNT B Isem, [ PR AT R 1 he ] 3 RANRIBIAR AL LR T,
FHAR AL 1 h ikl & L T T SEM ], <] 3F it T8 R 590K EE KR WEIFET I, g9k
KA B R T G . AT 50 VIR, TNT 9Kl i S K 20 39 nmyV, 1715 24 H
T 50 VIR, A AR R 171.5 nmiVe R AR K R B AR AN SR 5E S 465 1 45 R [8] -

WA B Ti+2H,0 — TiO, +4H* +4e~ @)
BRI TiO, +6F +4H* — TiR> +2H,0 )

AR A B I, LI SRR IR, P BB AR TR AR AR I K o SR SN (1) 38 R I KA B
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Table 1. The applied voltage versus the anodization time

7 1. PRRE R S5 R R AR [a]

HLHE(V) 10 15 20 30 35 40 50 60 80 90

] 7h 5h 4h 15h 15h 1h 1h 50 min 40 min 10 min

1D=3238+194U r=098 {

£

5

10 20 30 40 50 60 70 8 90
100nm Applied voltage / V

Figure 2. SEM top-view images of the nanotube layers fabricated at different
applied voltage: (a) 10 V, (b) 15V, (c) 20 V, (d) 30 V, (e) 40 V, (f) 50 V, (g)
90 V; (h) the outer diameters of TNT with the applied voltage

B 2. AEENBETHHEERE%RE SEME: )10V, (b) 15V, (0)
20V, (d)30V, (e)40V, ()50V, (g)90V; (h) TNT ShZ k0 E2S
RIXRE

PR, PR oK A A v ri T XIS R B B R A A R
3.3 PAREETEIST TNT ER. EKHIRM

P 4 SR REAR AL HE TN 20 VI, CREEAS [B] BEAR AL TE] BT il 2% 1 TNT W7 SEM B HffE 2 h )5,
PEKEERKIEE] 475 nm, HImie sk — 2 2 5L2 (4 4a); BEFHMEALES R B, 9KAE m) 3R 1)
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Applied voltage / V

Figure 3. SEM cross-sectional images of the nanotube layers anodized at different applied voltage for
1 hour: (a) 30 V, (b) 40 V, (c) 50 V, (d) 60 V, (e) 70 V; (f) the length of TNT with the applied voltage
[ 3. TR ETFEREL 1 h Bl &iEmaiiE SEM E: (a)30V, (b)40V, (c)50V, (d)60
V, (e)70V; (f) TNT EKpEME B ET X RE

(e) 900 _ _
L=20450+14085T r=0.99
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Figure 4. SEM cross-sectional images of the nanotube layers ano-
dized at 20 V for different anodization time: (a) 2 h, (b) 3 h, (c) 3.5
h, (d) 4.5 h; (e) the length of TNT with the anodization time

4.20 V TREFAEIPRAR E AL A B Bl 22 A R Y M T SEM []:
(@2h, (b)3h, (c)3.5h, (d)4.5h; () TNT EKREFEIRE LA

T4 P

WA, BN R, 5] e Fom: FESLIRMTFERITEEA, TNT B 5 BRI 18] 2 18] 230 R 47 1
VKGR JFnTib R M, £ 20V E MR, PUREREKEAL 141 nm/h. EEERRR, [
PAAACI AT TEPRIE K, RS —Im S TR G, A B AR BRI A S RDRE P, TNT KA
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Figure 5. SEM top-view and cross-sectional images of the two-
layer TiO, nanotube fabricated by an in-situ voltage up anodiza-
tion method (20 V 3.5 h, 50V 50 min)

[E 5. FRAIFEFEMRELEQRO V 3.5 h, 50 V 50 min)]& A
BRI RERREFETE SEM &

FEBE I 1A] G T 1 (R R AFAE R R AE) e T34, LA AL BH AR S A 2 S BT A TNT THESHE
TR EL Y, TR RASE R S EG 4 (8], ANITTRE WA i ) 1R REAT LA o

34. FRAREMLEE. REXMNE TNT B2, EKrIR

V| 5 R4 THE B AR 46120 V 3.5 h, 50 V 50min) i) 4% I UZ TiO, 44K 1 2% 1 A1 i SEM
. MK 5a rLAEH, BT 18 M B R IR A, TmaokE 22—, gk
BT T AR N B B2 . 14 5b Dy (62 nm). D, (148 nm) A Ly (690 nm)-. Ly (1.2 um) 75K~ )2 TNT
VERMEK. A — EYURE R AR S BRI AR E A . B IR R KR T
TR NERA R, BRKAE. BT, XTE CEYSKERIERAE NN R, TES
SIS F R A LA T R A G PUKREAKE RS, BT HRmEH, FREIIGPIKE R
Ui AR [16]. 2458 I Bt N s R R, AR FIGR A RE PRSI R, REE Bk
BRI, B BYOREE R — EYOREMIE N RN AR B, BT E—BYoREAEE,
RETERAESEENR, SEYKEEKERLE, HR0E Z9oRE SR T HE &0 T &
IR Z 9K [16,17]. [N, Sl 55— B SEAL TR, b [TIF S 2R, 15 2 i
R HL T R R, SRR A FH B AR 1A B Ut =U anog — IR 3K, R LGN K 38 85 42 4 7 b A, 1
X [18,19].

R, BHARAEA HLE 5 I TR R oK RS R R mT AR FH T TR 45 8 X002 ARk, (1
HAR BRI IRIE R, A R IEA 55— D 5.

4, 4Eig

ASCHEFE T EF 0.3 wt.% NHF. 6 vol.% H,0 )2 R HLM P BB AL LS B )5 — S Ak Bk 4
KEEARFERKWEN, AP agih T HEER R S5 RRW: ERWHFMT, 1) S BET N TNT
BIROR, HAEBCHESEEAN LM KRR, 2) FARET S AES TNT EKa8n, HIukesE
et P DX I Y SRR R B) AU (A SE A P2 TNT RN, R4 B W] B A1 .
4) FPLRW], HT R TNT Hil# (0 7E T LS T4 3 XU TNT B, (EEhE. mE 55 R
TNT ERNE K E B X RIEA Rt — PRI TL.
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