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Abstract

In this research, the pure titanium foil was treated in glycerol base electrolyte with 0.7 wt.% NH,F and a small amount of H,0 at 17 V for
2 hours by electrochemical anodization process in order to prepare Titania nanotube arrays at room temperature (~25 °C), different
water content was added to the electrolyte as a tube enhancing agent. The high density uniform arrays are prepared by using organized
and well aligned these tubes. The average size of tube diameter, ranging from 57 to 92 nm which found it increases with increasing
water content, and the length of the tube ranging from 2.76 to 4.12 pm, also found to increase with increasing water content and
ranging in size of wall thickness from 23 to 35 nm. A possible growth mechanism is presented. The X-ray diffraction (XRD), atomic force
microscopy (AFM), and scanning electron microscopy (SEM) were utilized to study the structure and morphology of the Titania films.
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1 Introduction

Developing functional nanomaterials, nanodevices and
nano-systems have become of fundamental interest in
nano-technology. The examples of Nanodimensional
structures are nanowires, nanotubes, and the nanoporous
architectured materials based on semiconducting metal
oxides [1]. Recently, the synthesis of nanostructured func-
tional oxides depended on transition metals, where the
morphology and structure are controlled, has attracted a
huge attenstion due to their a broad potential applications
research fields such as nanoelectronic, spintronic, fuel
cells, nano-biotechnological or magneto-optoelectronic
devices. These novel materials have offered a wide range
of modern and enhanced mechanical, optical, magnetic
and electronic properties respecting to those presented by
their bulk analogues [2-5]. Actually, composing self-as-
sembled nanostructures based on TiO, nanoporous mem-
branes prepared by sol—gel coating [6], nano-imprint [7],
or electrochemical processes are required great efforts [8].
An effective and low cost manufacturing techniques of
nano-structured transition metal oxides which have high
quality nanoporous structures over large surface areas
and an accurate pore size control together with long range
are focused in this work for enhancing the efficiency of

devices based on nanoporous Titania (TiO, ) templates [9].
The principal advantages for using pure titanium and its
alloys are their high corrosion and good oxidation resis-
tances, low density, high yield strength in a wide tempera-
ture range and premium biocompatibility, therefore this
metal has become an outstanding candidate for its applica-
tion in a wide scientific and technological areas, as e.g. in
micro-optoelectronic applications and transparent oxides
semiconductors [10—14]. Otherwise, some of these proper-
ties adequately combined with the large band gap semicon-
ductor properties, a high photo-catalytic activity and an
excellent biocompatibility exhibited by the TiO, converts
it to extremely promising material for many technologi-
cal and scientific fields, e.g., bio harmonious biomateri-
als for bone instills [15], sensors for hydrogen transcuta-
neous [16], semiconductor of memory alloy devices [17],
materials for optoelectronic applications [18], gas/humid-
ity or conductivity sensors [11].

2 Experimental

The pure titanium foils (99.7% purity, 0.5 mm in thickness)
and cut off into the demand size (30 X 20 mm) have been pur-
chased from Sigma. A DC power supply (Agilent E3612A)
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was applied for the anodization process. A homemade
Teflon cell was usage in the anodization process with two
electrode configurations; titanium foil (0.3 mm thickness)
as the working electrode. Platinum foil (10 x 7 mm) present
as the counter electrode under the effect of constant poten-
tial at (~25 °C) room temperature. The acetone and ethanol
were employed (10) minutes for each in order to sonicate the
titanium sheets, pursued by rinsing with de-ionized (DI)
water for removing the impurities and then drying in (N,)
gas. An anodization process organized is shown in Fig. 1.
The anodization was achieved at 17 V (DC), the solution
of electrolyte cell was glycerol including ammonium flu-
oride (0.7 wt.% NH,F) with different amount of water (0,
4, 6 wt.%) at 2 hours. Immediately, rinsing The prepared
samples with (DI) water for several minutes drying with
highly pressure (N,) gas. For the structural and morpho-
logical characterization of the anodized samples, top views
were recorded by scanning electron microscopy (SEM)
using a Hitachi FE-SEM model S-4160, Japan and (AFM),
lateral mode operation, study carried out by (AA3000,
Angstrom Advanced Inc. USA). Samples were prepared by
annealing at 470 °C temperatures in ambient atmosphere
for (4 hours). The crystallographic structures of the sam-
ples were determined using Philips pw 1050 X-ray diffrac-
tometer of 1.54 A from Cu-k a.

3 Results and discussions

Titania nanotubes were fabricated at different conditions
in glycerol-based electrolytes and the effect of water con-
tent was investigated. In general in the anodization pro-
cess, with or without water, will be suffered from lack of
H* ions and as well the solution with highly viscosity that
leads to the consisting of titanium dioxide layers only.

In the initial stages, the dissolution dominates in the
anodization process on the chemical dissolution by field-as-
sisted due to relatively large electrical field through the thin
oxide layer (low resistivity of current). Small pits generated

Fig. 1 Instruments of titanium anodization experiment.

by the local dissolution of the oxide perform as pore forming
centers, which the following reaction is represented them:

TiO, + 6F +4H" — TiF*", +2H,0. ()

The overall reaction for anodic oxidation of titanium can be
represented as [19]:

2H,0 — 0, +4¢ +4H", @)
Ti+0, — TiO,. 3)

The pores density increases when these pits convert to
bigger pores. Subsequently, the pores distributed uniformly
over the surface, as shown in SEM and AFM resulted.

The current transients recorded during anodization of
Ti at 17 V for 2 hours in three different electrolytes con-
sisting of glycerol, 0.7 wt.% NH,F and different amounts
of water, are shown in Fig. 2. Current density increases
with increasing water content because water causes an
increase in electrolyte conductivity as well as increase in
the diameter, wall thickness and length of TiO, nanotubes,
as SEM and AFM resulting shown.

The glycerol electrolyte viscosity is a function of water
content [20], which has a huge impact on the diffusion
of all the species involved in the reactions and thus on
the magnitude of the field-assisted TiO, formation and
dissolution.

In this part, the effect of the water content in the inor-
ganic electrolytes is explained. It will be exhibited that the
adding even a small amount of water has an extraordinary
influence on the construction of the nanotubular layers.

Figs. 3—5 SEM shows the results from a set of anod-
ization experiments at 17 V for 2 h using (0.7 wt.% NH,F
+ 99.3 wt% glycerol) electrolyte, (0.7 wt. % NH,F +
4 wt% H,O + 953 wt% glycerol) electrolyte and
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Fig. 2 The current density for 2 hours of Ti anodization at 17 V in 0.7
wt.% NH,F electrolytes with different weight of glycerol: water.



Fig. 3 SEM image of Ti anodized with (0.7 wt.% NH,F +99.3 wt.%
glycerol) electrolyte at 17 V for 2 h.

Fig. 4 SEM image of Ti anodized with (0.7 wt.% NH,F + 4 wt.% H,0 +
95.3 wt.% glycerol) electrolyte at 17 V for 2 h.
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Fig. 5 SEM image of Ti anodized with(0.7 wt.% NH,F + 6 wt.% H,O +
93.3 wt.% glycerol) electrolyte at 17 V for 2 h.

(0.7 % NH4F + 6 % H,O + 93.3 % glycerol) respec-
tively. The tube diameters, wall thickness and lengths
are presented in Table 1. From the results, the diameter
and thickness of tubes can be determined which varied
a simple with the water content. Still, the data show that
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the diameter and thickness of the tubes decrease with
decreasing the water content. Moreover, the water con-
tent is involved strongly on the length of tubes. The tubes
length created with the mixture of water (4 wt. % H,0)
and glycerol is shorter than that created with the mixture
of water (6 wt.% H,O) and glycerol.

The tubes have the smallest diameter, wall thickness and
length for the pure glycerol electrolyte. The tube length
and diameter slightly increase when the ratio of water is
added to the electrolyte. This could be a result of the added
H,O that helps form more TiO, (increased oxidation), as
compared with the nanotubes grown in pure glycerol and
this agrees with the result in a similar work [21, 22].

In (AFM) measurement the surface morphology of
the formation (TiO,) nanotube by anodization has been
subjected to extensive study. Figs. 6 and 7 show the sur-
face evolution with increasing the water content 4 and
6 wt.% H,O to 0.7 wt.% NH,F respectively. The bright and
dark yellow color illustrate the wall of tubes, and pores,
respectively. From the pictures it can be indicated that the
surface of the sample averages out by adding more water
as the sample is anodized.

Furthermore, adding water leaded to increase the rough-
ness average (RF) and the diameter of the pores, as well as
the uniformity surface of sample, as shown in the Table 2.

The X-ray diffraction (XRD) technique was applied to
study (TiO, ) layers, where the crystalline phases of mate-
rials and the structural properties of these phases are iden-
tified by this technique.

We took a sample under conditions (0.7 wt.% NH,F +
99.3 wt.% glycerol) electrolyte at 17 V for 2 hours and we
had a measurement of (XRD). Fig. 8 shows the XRD mea-
surement result of TiO, nanotubes formed before and after
annealing. The Titania is a poly-crystalline nature mate-
rial therefore three peaks are observed before annealing.
The diffraction of Anatase TiO, (112), Brookite TiO, (22)
and Anatase TiO, (220) planes, related to the formation of
TiO, nanotube, is control on the peaks at 20=38.4°, 40.2°,
and 70.6°.

The peak intensity of the A (220) existing at 26=70.4°
after annealing 3hr at temperatures 550 °C on Ti foil
substrate.

4 Conclusions

In this work, highly ordered TiO, nanotube arrays with
length of a few of micrometer and rough tube wall were
fabricated using electrochemical anodization of Ti foil.
Highly ordered Titania nanotube arrays were successfully
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Table 1 The properties of TiO, nanotubes under different ratios of water content and glycerol

0.7 wt.% NH,F + mixture / wt.%

Tube diameter (nm)  Wall thickness (nm)

Tube length (nm) x 10°

0 57+10
4 83+ 10
6 92+ 10

23+3 276 +0.5
20+3 3.84+0.5
35+3 4.12+0.5

]

(®)

Fig. 6 AFM images of Ti anodized in (0. 7 wt.% NH,F + 4 wt.%
H,0 +95.3 wt.% glycerol) electrolyte at 17 V for 2 h; (a) The surface
topography; (b) 3D.

fabricated in glycerol and Florid-based electrolytes. The
our conclusion indicated that the composition parameters
play a crucial function in both tailoring of their nanoar-
chitecture and nanotube arrays forming. Nanotube arrays
were manufactured in a glycerol-water electrolyte. Water
content of at least 4 wt.%, was found to be essential for
nanotubes fabrication in glycerol electrolyte. Diameter

(®)

Fig. 7 AFM images of Ti anodized in (0.7 wt.% NH,F + 6 wt.%
H,0 +93.3 wt.% glycerol) electrolyte at 17 V for 2 h; (a) the surface
topography; (b) 3D.

Table 2 The average roughness and pores diameter of TiO, nanotubes
under different proportion of glycerol and water content

0.7 wt.%NH,F + .

mixture /wt. % Pores diameter (nm) Average roughness (nm)
16.4 0.36

4 33 0.72

6 41 0.87

and length were influenced by varying water content above
about 4 wt.%. All the TiO, nanotube layers synthesized
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Fig. 8 XRD pattern of Titania before and after annealing at

temperatures 550 °C for 4 h on Ti foil substrate.

in this work structure (Anatase and Brookite) phases can
be converted to a crystalline structure (Rutile) phase by
annealing.
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