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Titanium oxide (TiQ) nanotubes have attracted
great interest because of its superior properties such as
high photocatalytic activity and high biological affinity.
Applications of TiQ nanotubes to solar cells, gas sensors
and orthopedic implantation have been reported.
Anodization of metal titanium (Ti) is a promising method
to fabricate TiQ nanotubes, since it enables us to form a
vertically-oriented TiQ nanotube film on a substrate[1,2]
When we apply Ti@ nanotube films to devices, we need
to control the structural properties of anodic TiO
nanotube films. The structural properties of nanotube
films depend strongly on anodization conditions such as
the composition of electrolyte and the anodic potential.
Recently, it has been revealed that water dissolvexhin
organic electrolyte has significant effects on the shape of
TiO, nanotubes[3]. Howeveits mechanism has not been
fully understood. In this study, we have investigated the
anodization process of a Ti film deposited on a Si crystal
substrate covered with a thin silicon dioxide (§i@yer.

In order to fabricate well-ordered TiGhanotube films,
we explored in detail the influence of electrolyte
composition on the anodization process of a Ti film.

A 1-um thick SiO, layer was formed on a Si
crystal substrate by wet thermal oxidation. A metal Ti
film of 3 um in thickness was deposited on the S&yer
by the DC magnetron sputtering methdtie Ti film was
anodized in a solution cell made of poly-
tetrafluoroethylene (PTFE) as shown in Fig. 1. Ethylene
glycol solutions containing 0.05-0.3 M ammonium
fluoride (NH4F) and 1-10 vol% deionized water were
prepared as an electroly# platinum wire was used as a
counter electrode to apply a constant anodic potential of
40 V to the Ti film. The TiQ nanotube films were
characterized by a field-emission scanning electron
microscope (FE-SEM).

Figure 2 shows morphology of anodic 3iO
nanotube films formed by anodization in different
electrolyte compositions. We indicate by a closed dashed
line the region where well-ordered nanotube films were
synthesized; outside the region, surface roughening and/or
rib formation were observed. From Fig. 2, we can see that
concentrations of bothH,F and water in the electrolyte

_{
outlet ﬁ

®

l Pt
= inlet
{3 Electrolyte
Ti
Si SiO,

Fig. 1: Schematic of a solution cell.
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Fig. 2 Morphologies of anodic Ti®© nanotube films
formed by anodization in different electroly
compositions.
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Fig. 3 Anodization rate of Ti plotted as a function of tl
relative fluoride concentration for different NH
concentratins. Arrows indicate the transition point.

influence the formation process of Ti@anotube films.
The anodization rate of Ti as a function of a ratio of
fluoride concentration to water was shown in Fig\\B2
determined the anodization rate of a Ti film from the
difference between the thicknesses of Ti films before and
after incomplete anodization. It is evident in Fig. 3 that
the anodization rate increases and then drops with
increase of the relative fluoride concentration. These
trends can be identified for all the fluoride concentrations
although the transition point (arrows in Fig. 3) at which
the anodization rate begins to decrease depends on the
fluoride concentrationln Fig. 2, we indicate by a dot-
dashed line the boundary where the trend of anodization
rate changed. On the lditnd side of this line, the
anodization rate was reduced with increase of the relative
fluoride concentration. This line also shows the boundary
where the morphology of nanotube films changed. These
indicate that the relative fluoride concentration in the
electrolyte have significant effects on formation process
and morphology of anodic Tihanotubes.
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