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Abstract

One-dimensional nanostructured metal oxide can be formed through an anodic oxidation, which is a typical technique of metal
surface treatment. Studies on TiO, nanotubes have been widely carried out with increasing interests in TiO,, which has an
excellent functionality among various metal oxides. The present article reviews the principles of formation of TiO, nanotubes,
which have been studied so far. In particular, the article discussed the equilibrium relationship between the oxide formation
and etching, which is a key parameter of TiO, nanotube growth, and the formation of the porous structure. Furthermore, mor-
phological considerations of TiO, nanotubes according to electrolyte conditions will be explained to the researchers who will
study the application of TiO, nanotubes formed through the anodic oxidation in the future.
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Figure 1. (a)-(d) Representative cross-sectional SEM image of TiO,
nanotubes. The anodization was performed in 0.15 M NH4F/3 vol%
H,;O containing ethylene glycol electrolyte at 60 V.

19843 Assefpour-Dezfuly 152 1999 Zwilling L5l oS4 o5
o}zﬂl:].[l()]]] o] WAl B4 o]2o] HrlE IAEAF fMo|A]Q] oF
S Fotel the Zol(pore) FElOll 7R L FEE RHOIFA
HrH10,11]. ©]% 2000l FHEol o]22] =2 Schmuki 15 |
9] Grimes “15°) 2Jste] =AM o8- Tio, Wie FHE 7%
FA4 71es 53§82 s sl Hrli2-16].

E oAM= o]d A ER IA4E Tio, U FE 729
HAYUSS Aieb] ekl FFAtste] 71 defelxie o
4% ASHE FY AAUEA Fei.

ok ogtt
oX oX [z

H

—

=2

—

2.

. YTNBIE 5B CHBY 3% N8B TE BY
%k%&i}% A58 YO A} deluhs AT B
o thge] H: FHAAT, +T7 FATORE Pt B 1Y

29l HEAHFAT, - AEE A HellA 4714 9l g
WAL AFg 524 dtof AsHES FAshe B0tk FFAt

ske] 2ol wet 5% ARMES T Y (barrier type
compact type)°]Zt AP+ F5E] Folt | E F-ZF T4 (porous)
TZE 9= v TRE Y é%‘:](Flgure 1). olw] F-gHl & Ei=
ta/d T3 Al FEE nAE 7P Fo3 QA dalde] 24,
A T A 27, 258 22 34 21 Ao=E A Qi

QAT Bl AAE=)S A7 HH a5 Atsle o] A
A U Zol Y= Abk o]2F) v 55 AR S sV e
=4 o]0 MfdE &F e IS A Hrk v A=
DelAE Al Ye] Eo] SAEEA FA
(Figure 2(a)). o™ ZrF=2] F&olA AlshzE @
4% o5 Pourbaix diagramel &3t 7} 4 9]
sto] AA et

old FFAks S Fdto] FAHEE Tio, Ue FEE 2HTH
#HZ v EFeg 34 WAYUSY vlssit
4 A7|gEkgel oste] AalFA 2 FdE 0 o]&o] Ti
ol o]n] AE zx}AAEs} (native oxide)5 0% ¥ W7

0] &{(migration)5}7] ¥ Cl(high-field mechanism)(Figure 2(a)).
Ak AbstEke E3lo] o]FE 072 AdAbE ) F459 F

o,

e
RS r‘“

k:t:

a2
1

o

2 2 o

o

35kt Ml 28 H A 6 &, 2017

Counter electrode )

0,— OH-
Electrolyte
%

Ti¢*
TiO,

(@ (b)

Figure 2. (a)-(b) Schematic diagrams showing growth of oxide by
field aided transport of mobile ions through the oxide layers in the
absence and presence of fluoride ions: fluoride migration leads to
accumulation at the metal/oxide interface.
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Figure 3. (a) Concentrations of Ti ion with the iterative number of
anodization (b) Variation of the tube length and the solution
conductivity with the iterative number of anodization. Reproduced
with permission from[19]. Copyright 2009 The Korean Physics
Society.
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Figure 4. (a)-(c) Schematic dlagrams showing (a) growth of TiO,
nanotubes by anodization. (d), (c) Representation of the formation of
a tubular morphology from an originally porous morphology by
selective dissolution of the fluoride-rich layer and preferential etching
by H,O in the electrolyte. (d)-(e) Repetitive SEM images of (d)
porous and (e) tubular surface morphology. (f) SEM image of bottom
of anodized TiO, nanotubes.
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Figure S. (a)-(c) Repetitive SEM images of TiO, (a) nanosponge, (b)
nanochannel, and (c) fishbone structures. (d) Pore diameter and
nanostructures of TiO, as a function of the applied potential. The
anodization was performed in 10 wt% K,HPO, in glycerol at 180 T.
Reproduced with permission from[46] and[47]. Copyright 2009
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. Copyright
2011 The Royal Society of Chemistry.
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