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ABSTRACT

The main focus of this research is to synthesize and to optimize the properties of TiO2
nanotube with its final applications as photocatalyst for degradation of dye water. The
growth mechanism of self-organized TiO> nanotube formation that were prepared by
anodization of Ti foil in an electrolyte containing F- ions were also proposed in this work.
Various parameters were conducted and analyzed. These included the different voltage,
different anodization time, different pH, different electrolytes, and different annealing
temperature. Since the morphological and structural properties were the main data that
needed in order to understand the mechanism of TiO2 nanotube formations, therefore
several characterization technique were used such as field emission scanning electron
microscope (FESEM) with EDX for morphological and elemental studies, X-ray
diffraction spectrometer (XRD) for structural and phase identification, and UV-VIS for
optical study. The optimum parameters were finally gathered with well-organized and
uniform distribution of TiO2 nanotubes which were formed at 19 V for 30 min in pH 3
electrolyte which contained 0.7g NH4F and 100 ml NaSOs. FESEM results, showed that
the diameter of nanotubes changed directly proportional to the parameter control. For
example as the voltage increased the diameter were increased. In here, the smallest
diameter achieved was at 30 nm and the biggest diameter achieved was at 100 nm. The
length of TiO:; nanotube were also changed and the highest length achieved was at 500
nm. However, FESEM images clearly shown that nanotubes were hollow in shape with
mouth opening at the top end and closed at the bottom of the tubes. The EDX analysis
showed that Ti, and O, elements were existed in the sample. Thus proved that TiO:
nanotube were occurred. The XRD results showed that, for pure Ti foil and as-anodized
sample only appeared strong peak of Ti and weak amorphous peak of TiO,. However, the
crystalline sharp peak were appeared at 400 °C to 800 °C. Whereby, the phase was
transformed from anatase to mixture of anatase and rutile from at 500 °C. The TiO:
nanotubes had shown a good result in photocatalytic activity under degradation of
mixture of anatase and rutile (500 °C) at 19 V and pH 3 within 1 hour of methyl red
degradation. TiO, nanotubes with thinner walls and longer tubes have a more pronounced
photocatalytic activity as compared with non-uniform thicker wall and longer. The
schematic diagram and detail discussion on growth mechanism were explained in Chapter
4.



ACKNOWLEDGEMENT

First of all, thank to Allah S.W.T. for giving me opportunity and health so that I can
complete my research and this thesis successfully. Special appreciation goes to my
supervisor and co-supervisor, Prof. Dr. Saifollah Abdullah and Mdm Nuraimi Jani, for
their excellent guidance, caring, patience, and constant support supervision. Thank you
for their invaluable support, help of constructive comments and suggestions throughout
the experimental and thesis works have contributed to the success of this research.

Not forgotten, my special appreciation goes to my beloved parents, my father Usaili bin
Alias, my mother Khodijah Alang Zahari, and also my siblings, Zuhaida, Zahrul Annuar,
Zilawati Aizura, Zahril Akmal, Zalikha and my beloved fiancé, Ahmad Fahmi for their
support, love, patience, motivation and encouragement to further study.

[ thank my fellow friends Siti Khatijah Deraman, Azlini Ab. Aziz, Nurul Fasihah,
Habsah, Asma, Aein Afina, Humairah, Aisyah, Zahida, Zati for the stimulating
discussions, for the sleepless nights we were working together before deadlines, for
provide me house to stay and for all the fun we have had in the last three years.

My acknowledgement also goes to all the lab assistants and office staffs Faculty of
Applied Sciences for their co-operations. Completing this work would have been all the
more difficult were it not for the support and friendship provided by the other members of
the Faculty of Applied Sciences in University Teknologi MARA, Shah Alam, Selangor,
Malaysia. | am indebted to them for their help.



CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Titanium dioxide (TiO2) is an important inorganic functional material that has
been widely investigated among other metal oxide, due to its physical and chemical
properties that contribute to innumerable applications such as biocompatibility (Roy
et al., 2011; Liu et al., 2011), self-cleaning (Wang et al., 1997), and photocatalyst
(Dong et al., 2014; Chong et al., 2013; Shou et al., 2012). The physical structure of
TiO; in nanosized structure plays a crucial role in the activation or enhancement of
TiO: as photocatalyst in various applications as mentioned before. This is known as
one dimensional (1D) nanostructure materials, such as nanowire (Ablat et al., 2014),
nanorod (Ohno et al., 2014), and nanotubes (Bessegato et al., 2014).

Recently, numerous low-dimensional TiO; materials such as nanowires,
nanotubes and nanorods were synthesized successively (Yuan and Su, 2004). Self-
organized nanotubular oxide structures were produced more on a range of transition
metals, such as zinc, titanium and vanadium (Tsuchiya et al., 2004), and also alloys
such as copper and brass that have attracted much attention due to their large surface
area (Zhang et al., 2014), excellent charge-transport properties (Zhang et al., 2010),
ease of handling, excellent mechanical properties, high corrosion resistance, and good
biocompability (Rautray et al., 2011; Xi et al., 2006). Properties of excellent charge
transport as TiO; is active only under ultraviolet (UV) light because of its wide band
gap (~3.0 eV). Other properties are due to its unique optoelectronic and photochemical
properties, high refractive index, high dielectric constant and excellent optical
transmittance.

While anodization of Ti has been extensively investigated in various
electrolytes, particularly acidic electrolytes containing CI" (Sul et al., 2002) and Br
ions (Virtanen and Curty, 2004), only a small number of reports regarding anodization
of Ti in HF or F° containing electrolytes have been published until this decade

(Zwilling et al 1999; Chazalviel et al., 2000; Schultze et al., 2000).
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