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Abstract
Titanium oxide nanotubes were fabricated by anodic oxidation of a pure titanium sheet in 1.5 M H 2SO4,
0.3 M H3PO4 and 0.3 M H2O2 mixture solution. The morphology of Titanium oxide nanotubes surface
were investigated by scanning electron microscope (SEM). These tubes are well aligned and organized
into high-density uniform arrays. While the tops of the tubes are open, the bottoms of the tubes are
closed, forming a barrier layer structure similar to that of porous alumina. The average tube diameter,
ranging in size from 40 to 70 nm.
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1. Introduction
Titanium and its alloys are increasingly used in
technological applications due to their excellent
mechanical properties, high corrosion resistance
and good biocompatibility [1–3]. Furthermore
oxide layers on Ti and particularly TiO2 also have
attracted much attention because TiO2 possesses a
variety of functional properties as for example for
gas sensing [4], self-cleaning [5], solar energy
conversion [6], wettability [7] and photocatalysis
[8] applications. In recent years, the formation of
self-organized pores has been achieved on various
valve metals Al [9], Zr [10], Hf [11], Nb [12], Ta [13]
and W [14] including Ti. In this work, we examine
the morphology of porous titanium oxide thin films
fabricated by anodizing pure titanium sheets under
variable conditions. It has been found that the
anodized titanium films have more complicated
morphologies than anodized aluminum. In addition
to porous films, such as those reported earlier wellaligned nanotubelike structures composed of
1

titanium oxide were obtained. In contrast to the
continuous pore structures achieved with
aluminum anodization, discrete titanium oxide
nanotubes are found to grow from the
discontinuous nanoporous titanium oxide film.
2. Experimental
Pure titanium plates (purity %99.99, 25×10×1mm)
were used. The chemical composition of samples
has been given in table 1. The titanium specimens
were mechanically polished and degreased in
acetone for 5 min and then washed and dried. After
the pre-treatment, Anodizing of titanium carried
out with two methods:
Titanium Samples anodized in 0.5 wt% HF solution
at a constant voltage of 20 V.
a) Titanium Samples anodized in 1.5M H2SO4+
0.3M H3PO4+ 0.3M H2O2 mixture solution at a
constant voltage of 70 V. The morphologies of the
titanium oxide films were characterized with a
Philips (Tokyo, Japan) scanning electron
microscope (SEM).
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Table 1. The chemical composition of Titanium used in
this work
Element
Wt.%

Fe

O

Cu

Ni

C

Ti

0. 17

0. 29

0.07

0.09

0.04

rest

3. Results and discussion
In anodizing process, titanium plates is immersed
into an electrolyte and connected as an anode,
leading to the formation of an oxide film at the
surface. In moderately alkaline, neutral and
moderately acidic aqueous solutions, TiO2 is the
only
thermodynamically
stable
titanium
compound, according to the Pourbaix diagram [15].
The corrosion potential of naked metallic titanium
is more negative than that of water reduction, and
thus rapid corrosion starts immediately upon
immersion of titanium into any aqueous solution
[16], according to the equation Ti + 2H2O = TiO2
+2H2. TiO2 layers are known to be very compact,
poorly conducting, and only little permeable for
water and gases, and furthermore the reversible
potential of the oxidized surface (Ti/TiO2 electrode)
becomes more positive in comparison to the
potential of the naked metal. Consequently, the
corrosion of titanium is a self-inhibiting process.
The TiO2 layer is highly resistive and the oxidation
reaction will stop when the applied voltage is equal
to the ohmic drop in the oxide film. Figure 1 shows
current transient curves recorded during
anodization in 0.5 wt% HF solution at a constant
voltage of 20 V. For comparison the behavior in
1.5M H2SO4+0.3M H3PO4+0.3M H2O2 mixture
solution at a constant voltage of 70 V is included. In
the 0.5 wt% HF containing electrolyte a clear
deviation from the behavior in the 1.5M
H2SO4+0.3M H3PO4+0.3M H2O2 mixture electrolyte
can be observed, that is, on the one hand that the
current drops more slowly in the initial phase and
on the other hand the current rises again after the
initial decay. After extended polarization the
current density in HF containing electrolyte is
higher than the steady-state in 1.5M H2SO4+0.3M
H3PO4+0.3M H2O2 mixture electrolyte, which
indicates that an additional dissolution process
takes place in the presence of fluorides. This finding
can be ascribed to the dissolution of the
electrochemically formed TiO2 as soluble
hexafluorotitanium complexes [TiF6]-2, which go
into solution. The curve shape, showing a decrease/
increase/decrease sequence, has been reported on
Al and Ti, and may be assigned to different stages
during a self-ordering process [17]. In 1.5M
H2SO4+0.3M H3PO4+0.3M H2O2 mixture electrolyte,
on the other hand, extended anodization resulted in
a steady-state value that represents a leakage
through a compact oxide layer. After anodization in
this electrolyte no porous structures could be

observed – just a compact oxide layer was present
on the surface.

Figure 1. Current transient curves during
electrochemical anodization in 0.5 wt% HF solution
(solid line) and in 1.5M H2SO4+0.3M H3PO4+0.3M H2O2
mixture solution (dashed line).

SEM permits observation of specimens with large
magnification and great depth of field by means of
detection of secondary electrons. The number of
secondary electrons depends on several factors, the
most important being the angle between the
primary electron beam and the local surface of the
observed specimen. Figure 2(a) shows a typical
scanning electron microscope (SEM) micrograph of
the porous structures obtained under anodizing
voltage 70 V, in 1.5 M H2SO4, 0.3 M H3PO4 and 0.3 M
H2O2 mixture. The morphology of the porous film is
similar to that of porous (sponge like) alumina, with
a typical pore size of 40 to 70 nm. It can be seen that
Titanium oxide nanotubes exhibits uniform tube
morphology, the tubes open on the top and close at
the bottom, nearly parallel and closed side by side.
Figure 2(b) shows a SEM image of the porous
structures obtained under anodizing voltage 20 V,
in 0.5 wt% HF solution. It is clear that the anodic
TiO2 layer was less porous than that of anodic film
formed in 1.5M H2SO4+0.3M H3PO4+0.3M H2O2
mixture. The SEM images show that the Surface
morphologies of anodic TiO2 films, depends on
electrolyte composition and working conditions in
anodizing.
4. Conclusions
Well-aligned titanium oxide nanotubelike arrays
have been obtained through titanium anodization
in 1.5M H2SO4+ 0.3M H3PO4+ 0.3M H2O2 mixture
solution at a constant voltage of 70 V. The resulting
nanotubes are straight, with a pore size ranging
from 40 to 70 nm, and have a barrier layer at their
bottom. The SEM images show that the Surface
morphologies of anodic TiO2 films, depends on
electrolyte composition and working conditions in
anodizing.
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Figure 2. Surface morphologies of (a) Titanium sheet
anodized under voltage of 70 V in 1.5 M H2SO4 + 0.3 M
H3PO4 + 0.3 M H2O2 mixture solution (b) Titanium sheet
anodized under voltage of 20 V in 0.5 wt% HF solution.
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