ISSN 2347 - 3983
Volume 10. No.7, July 2022
International Journal of Emerging Trends in Engineering Research
Available Online at http://www.warse.org/IJETER/static/pdf/file/ijeter021072022.pdf
https://doi.org/10.30534/ijeter/2022/021072022

Synthesis of Titanium Oxide Nanotubes for
Photo Electrochemical Cells and its Characterizations

Bhadra C U?, D Henry Raja 2, D Jonas Davidson®
1 Research Scholar, Department of Physics and Research Centre, Scott Christian College (Autonomous),
Nagercoil 3, Tamil Nadu, India (affiliated to Manonmaniam Sundaranar University Abishekapatti Tirunelveli,
Tamil Nadu, India), bhadrasenan@gmail.com
2Associate Professor, Department of Physics and Research Centre, Scott Christian College (Autonomous),
Nagercoil 3, Tamil Nadu, India (affiliated to Manonmaniam Sundaranar University Abishekapatti Tirunelveli,
Tamil Nadu, India), henry_raja@yahoo.co.in
.2 Senior Scientist, CSIR - CECRI Karaikudi 630003, Tamil Nadu, India, Country, jonas@cecri.res.in

Received Date : June 5, 2022

ABSTRACT

Nano scale materials have many peculiar properties than the
bulk ones and have led to break through in various fields of
science and technology. Titanium oxide is one of the excellent
and most demanded materials because of its various
applications and properties such as such as large surface area.
In this paper, Titanium oxide (TiOz) nanotube arrays were
synthesized by electrochemical anodization of titanium foil.
Dimension of nanotubes and elemental composition were
detected by Field Emission-Scanning Electron Microscope
with Energy Dispersive X-Ray Analysis (FESEM- EDAX).
From X- Ray Diffraction (XRD) the intensity of peaks, d-
spacing values and phase of TiO, nanotubes were analyzed.
The Energy Bandgap (Eg) of the formed TiO2 nanotubes was
determined by Diffuse Reflectance Spectroscopy from
Kubelka-Monk Plot. From the obtained results, the
synthesized TiO, nanotubes are suitable for Photo
Electrochemical Cell applications.

Key words: Energy Bandgap, Electrochemical Anodization,
Titanium Oxide Nanotubes, X- Ray Diffraction (XRD);

1. INTRODUCTION

Now-a-days, a wide range of materials are required to design
and study modern devices, which are suitable for various
possible commercial applications. Nanomaterials play an
important role in recent technologies to reach high
performance devices. The performance of such devices is
significantly based on the geometry, shape, and morphology of
nanostructures [1]. The expectation that a better understanding
of the 1-100 nm size materials (nanoscale) leads to a seamless
integration of theory and models across the size scales that
encompass atomic—molecular nanostructure—microstructure
behavior, and thereby enable the priori prediction and design
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of a material’s properties. Photo electrochemical cell is a
photocurrent-generated device composed of an electrolyte, a
photoactive semiconductor electrode. Under irradiation of the
interface electrolyte—semiconductor with an energy level
greater than the band gap of the semiconductor; electron-hole
pairs are generated [2]. During a typical photo-water splitting
on the photo anode, generated holes oxidize water to oxygen
or other oxygen containing species (OH* radicals, H,O, or
HO,-). Electrons produced via an external circuit are
transferred to e.g. metallic cathode and involved in the
hydrogen evolution reaction [3], [4]. Many different
semiconductors are investigated as the anodes in photo-water
splitting [5], but due to an easy synthesis, excellent corrosion
resistance in solutions of different pH, titanium dioxide is the
most widely studied photo anode materials. In comparison
with the bulk TiO, materials, the different TiO, nanomaterials
attracted much more attentions. Because of high surface to
volume ratio, TiO, nanostructures provide increased surface
area at which photo-reactions could occur. Moreover,
nanomaterials improved light absorption rate, increase near
surface photo induced charge carrier density, improving the
photo-reduction rate, and resulting in advanced photo activity.
At the same time, the high surface to volume ratio of the
nanomaterials increase the surface absorption of OH™ and
H.0, increasing the photocatalytic reaction rate. The TNT
with high-specific surface area, ion-exchangeable ability, and
photocatalytic property has been considered for various
potential applications as catalyst in pool boiling [6], photo
catalysis [7]-[12], electro chromic device [13], [14], hydrogen
generation [15], [16], corrosion resistance [17], solar cells
[18], sensors [19], storage device [20], catalyst support [21]
and many.

2. EXPERIMENTAL METHOD

Electrochemical anodization is the widely used method
because of its controllable, reproducible results in single
process, the feasibility to tune the size and shape of nano
tubular arrays to the desired dimensions and meeting the
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demands of specific applications by means of controlled
anodic oxidation of the metal substrate. Furthermore, it is a
cost-effective method and the tubes prepared via this method
have good adherent strength. In addition, the thickness and
morphology of TiO; films can easily be controlled by the
anodization parameters [22] , [23].

2.1. Electrochemical Anodization
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Figure 1: Experimental setup of Electrochemical Anodization

The TiO; nanotube array film was fabricated by
electrochemical anodic oxidation process. High purity
titanium (99.8%) plate of 0.25 mm thickness from
Sigma-Aldrich, Bangalore was washed in double distilled
(DD) water and then rinsed with acetone for 10 min. The TiO,
nanotube arrays were fabricated in a cylindrical
electrochemical reactor. The experimental setup consist of as a
working electrode i.e., anode and Platinum Pt of 0.2 mm
thickness as co-electrode (cathode)immersed in an electrolytic
solution of 0.25wt% of ammonium fluoride (NH4F) dissolved
in 99% of ethylene glycol. The constant DC voltage of 12V is
applied to carry out anodization at a particular anodization
time of 1 hour and annealed at 480 degree Celsius for 1 hour.
The pH of the electrolytic solution used is 4.3 and has the
mortality of 0.06M. Schematic diagram of the experimental
setup is shown in (Figure 1).The TiO; nanostructure formation
in an electrolyte is a result of two competing electric field
assisted processes: Hydrolysis of TiO, and chemical
dissolution of TiO, at the oxide/electrolyte interface [24],
[25]. These two processes lead to the fabrication of vertically
aligned titanium oxide nanotubes on the surface of titanium
substrate by the anodization of fluorides present in the
electrolyte (mixture of ammonium fluoride and ethylene
glycol). The TiO, nanostructure formation is given as:

Ti** + 2H,0 — Ti0, + 4H* (1)

Ti0, + 6F~ +4H' — [TiFs1* + 2H, 0 2)
3. RESULTS AND DISCUSSIONS
By using potentiostatic anodization of two electrode

configurations, self-aligned TiO, nanotube arrays were
prepared and characterized.
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3.1. Field Emission Scanning Electron Microscope
(FESEM)

The Field Emission Scanning Electron Microscope (FESEM)
micrograph of the sample is shown in Figure 2 annealed at
4800 C. The presence of element in the sample was identified
with the help of Energy Dispersive X-Ray Analysis (EDAX)
shown in Figure 3.Using ImageJ software the outer radius the
tube length of the nanotube formed is determined as 25nm and
is about 180nm respectively.

Time :16:1343

Figure 2: The FESEM image of TiO, nanotubes annealed at
480 degree Celsius

cpsiel

Figure 3: The EDAX pattern of TiO2 nano particles annealed
at 480 degree Celsius

Table 1: Chemical Composition of TiO2 nano particles

Elements Weight (%0) Atomic (%)
0 28.19 54.02
Ti 71.81 45.98
Total 100.00 100.00

The Tablelindicates the amount of Ti and O present in the
TiO2 nanotube is 71.81% and 28.19% and no characteristic
peaks of impurities or other precursor compounds are
observed.
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3.2. X Ray Diffraction Analaysis (XRD)

The X-Ray Diffraction pattern of TiO2 nanoparticles annealed
at 480 degree Celsius is shown in Fig.4. It confirms that the
TiO2 nanoparticles formed are in anatase phase (TiO. exists in
three phases’ anatase, rutile and brookite). The low intensity
peaks at 20 values of 36.24°, 62.08°, 76.56°, 79.71° and 82.40°
are corresponding to the anatase phase.Diffraction peaks
observed are well in correlation with standard JCPDS data.
(JCPDS card no. 021-1272).

Therefore, by obtaining F(R.) and plotting the [F(Ro)hv]Y2
against hv, the bandgap E4 of a sample can be extracted.The
band gap energy is calculated with Kubelka- Munk function is
found to be 3.02 eV. Figure 5. Kubelka- Munk transformed
reflectance spectra of TiO, nanotubes annealed at 480° C.

125+
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Table 2: XRD parameters of anodic TiO2 nanotube arrays s
annealed at 480 degree Celsius for 1hour 2 =
>
20 Intensity | dobserved | Gicpas(A) | FWHM | Planes £
(degree) | (counts) | (A) (degree) % 1
36.24 | 433.0 251 | 254 0.14 (101)
3954 [2940 [231 [229 0.16 (200) =
4131 | 2220 220 [218 0.12 (112) -
5413 |151.0 [170 [1.68 0.12 (211) " . . : I
62.08 | 109.0 147 | 147 0.12 (002) &
72.40 | 102.0 132 [1.30 0.12 (311)
79.71 400.0 1.24 1.24 0.10 (202) Figure 5: Kubelka- Munk transformed reflectance
spectra of TiO, nanotubes annealed at 480 degree
76.56 58.0 1.21 1.20 0.10 (212) Celsius
[~ intensity - APPLICATION
6000 TiO2 nanotubes are widely used as a photo catalyst in many
(1) environment and energy application due to its efficient
@11) photoactivity. In Photo Electrochemical Cell TiO, plays vital
@) role in water splitting (Hydrogen Generation).
o 4000 (@11)
E 5. CONCLUSION
& TiO2 nanotubes were prepared By Electrochemical
§ 2000 o | Anodization Method. The developed nanotubes were
= (101) ' characterized by FESEM- EDAX, XRD and DRS
measurements. By FESEM measurement, well aligned
, 231 formation of nanotube arrays is confirmed with ~25 nm of
q e W I inner diameter and tube length of ~180nm nm. By XRD
- o o o o Measurement, the anatase phase of TiO. nanotube arrays is

2 theta (degree)

Figure 4: X-ray diffraction pattern of anodic TiO>
nanotube arrays annealed at 480 degree Celsius

3.3. Diffuse Reflectance Spectroscopy (DRS)
The theory which makes possible to use DR spectra was

proposed by Kubelka and Munk [26]. The remission function
with respect K-M scattering constant S is given by

[F(R)O]Z = B(hd — E,) 3)
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confirmed and the obtained peaks in XRD pattern were found
to be consistent with JCPDS Card No. 021-1272. From
Kubelka- Munk plot, the band gap energy of TiO, nanotubes
are found to be 3.02 eV. Finally, the prepared anatase TiO2
nanotube arrays are well aligned and hence, suitable for the
application in dye sensitized solar cells due to their higher
mobility of charge carriers than rutile TiO..
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