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ABSTRAK

Titanium dioksida (TiO2) adalah serbuk putih yang digunakan untuk pelbagai aplikasi. la
telah menjadi bahan yang paling terkenal kerana sifat uniknya, yang dibolehkan dalam
penggunaan pigmen, salutan, makanan, dan yang paling penting, ianya salah satu komponen
yang paling memberangsangkan dalam mekanisme fotokatalisis. Salah satu aplikasi
fotokatalisis alam sekitar yang paling terkenal adalah untuk pembersihan udara atau sebagai
lapisan untuk permukaan bangunan. Pemangkin foto aplikasi untuk bahan lapisan
menunjukkan hasil yang menjanjikan kerana permukaan yang dilapisi dengan titanium
dioksida boleh bertahan dari kulat selama bertahun-tahun. Kajian ini bertujuan untuk
menganalisis kesan parameter proses seperti kadar kelajuan semasa mengacau dan masa
hidrolisis terhadap proses hidrolisis semasa menghasilkan TiO>. Serbuk TiOz yang disintesis
akan digunakan sebagai bahan untuk proses semburan haba. Semasa kaedah hidrolisis, titanil
sulfat dihidrolisiskan dengan air suling pada tempoh pengacauan yang berbeza (4 jam, 6 jam,
dan 8 jam) pada 350 rpm dan kadar kelajuan yang berbeza (60 rpm, 125 rpm dan 350 rpm)
selama 8 jam . Mendakan putih yang terbentuk daripada proses hidrolisis akan dikeringkan
di dalam ketuhar selama 10 jam pada suhu 120°C. Semua sampel telah dianalisis
menggunakan XRD, PSA, FTIR, dan SEM. XRD mengesahkan hanya struktur anatase
dalam semua serbuk TiO: yang disintesis. Keputusan menunjukkan bahawa apabila sampel
dikacau selama 8 jam pada 350 rpm mempunyai zarah begumpal paling terbaik dengan saiz
zarah 15.51 pm dan saiz kristal 19.28 nm, menjadikannya paling sesuai untuk aplikasi
semburan haba. Imej PSA dan SEM menunjukkan bahawa peningkatan kadar kacau akan
meningkatkan proses penggumpalan dan menghasilkan taburan saiz yang lebih sekata. Imej
SEM juga menunjukkan bahawa zarah-zarah tersusun padat dan mempunyai bentuk sfera
apabila kadar pengacauan ditingkatkan. Kajian ini menunjukkan kepentingan parameter
proses terhadap pembentukan struktur anatase bersaiz mikron yang bergumpal secara semula
jadi dan membolehkan TiO. sebagai bahan penyemburan untuk proses semburan haba dan

membolehkan proses fotokatalisis dan lapisan yang stabil dan memberangsangkan.



ABSTRACT

Titanium dioxide (TiO.) is a white form powder primarily used for various applications.
It has become the most famous substance due to its unique properties, which are allowed as
pigments, coatings, foods, and most importantly, one of the most promising components in
the photocatalysis mechanism. One of the most famous environmental photocatalysis
applications is for air purification or as a coating for surfaces such as buildings. Application
photocatalyst for coating faces shows promising results since the surface coated with
titanium dioxide can sustain as mould free for many years. This study aims to analyze the
effect of processing parameters such as the stirring speed and stirring time on the hydrolysis
method to produce TiO2. The as-synthesized TiO, powders will be used as the feedstock for
thermal spray process. During the hydrolysis method, the titanyl sulphate was hydrolyzed
with distilled water at different stirring times (4hrs, 6hrs, and 8hrs) at 350 rpm and different
stirring speeds (60 rpm, 125 rpm and 350 rpm) for 8hrs. The white precipitate was formed
from the hydrolysis process would be dried in an oven for 10hrs at 120°C. All the samples
were characterized using XRD, PSA, FTIR, and SEM. XRD confirmed the presence of
anatase as the only phase in all the synthesized TiO. powders. The results show that when
the sample was stirred for 8 hours at 350 rpm, the most agglomerated particles were produced
with a 15.51 um particle size and a 19.28 nm crystallite size, making it the best fit for thermal
spray application. PSA and SEM images reveals that increased of stirring rates would
enhance the agglomeration process and result in a more even distribution of sizes. SEM
images also show that the particles are packed most densely and form spherical shapes with
better agglomeration when the stirring rates are increased by increasing the stirring time and
speed. This study demonstrated the significance of processing parameters on the
development of naturally agglomerated micron-size anatase structures using TiO2 as a
feedstock for the thermal spray process, which can allow a stable and better performance

during coating or photocatalysis applications.
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CHAPTER 1
INTRODUCTION

This chapter discussed the research’'s background and the problem statement,
which summarizes an issue to be conveyed or a condition to be improved because of
this research.Aside from, the objectives (the study's purpose or aims), scopes of study,
and significance or importance of the study to industry and environment are included.

1.1 Research Background

Titanium dioxide (TiO,) is a white powder based on nearly all human-created
pigments (Manuel et al., 2021). Mineral ilmenite and mineral rutile are examples of
this mineral. These are the same minerals that go into making titanium metal. TiO,
can reflect visible and ultraviolet light; it is non-toxic and has no reactivity with other
compounds (Pawar et al., 2018). When it comes to TiO,, one of its significant
advantages is that it can be used in various ways. There is a study conducted on the
synthesis of TiO, using the hydrolysis method. As a result, various objects have a
longer life span because of this uniqueproperty. When TiO, is used in paints, it can
increase the life of plastics and protect wood and metal. It also can be manufactured
in a much more delicate powder that is transparent and more effective at guarding
against UV rays, making it a better option (Guo, 2017). These properties elevate its role
in sunscreen formulations and make it a more pleasant application experience (Trivedi
and Murase, 2017). Photocatalysis is utilized in environment and energy due to
efficient photoactivity, high stability, and safety for the environment and humans
(Moma and Baloyi, 2019).



Rutile, anatase, and brookite crystalline forms of titanium dioxide ionically
link titanium (V) and oxygen. They have three distinct crystal structures (Hanaor and
Sorrell, 2010; Mironyuk et al., 2020; Blvd, 2002). Due to the high demand and
widespread use of TiO,, there are many methods to produce fine powder of TiO,, such
as hydrolysis, sol-gel, solvothermal, sonochemical or microwave-assisted, deposition,
electrophoretic deposition, spray pyrolysis, and oxidation (Mironyuk et al., 2020;
Nyamukamba et al., 2018). The most generally used photocatalyst for organic
compound oxidative breakdown is anatase structure. This anatase phase is an effective
photocatalyst for solar-energy conversion because of its high sensitivity to light. The
crystalline structure and morphology of TiO; have a significant role in the uses of the
material. Hence it is critical to creating synthetic methods that can produce TiO,. The
TiO, sizes and shapes must also be regulated. Titanium sulphates and organic have
been used to produce anatase nanoparticles. These procedures have flaws since the
final products will always contain chemical impurities or minor accessory phases.
Anatase-rich TiO, nanoparticles are formed in organic hydrolytic processes, while
brookite-rich nanoparticles cannot be eradicated by changing the reaction conditions.
The use of anatase nanoparticles in photocatalytic reactions and other chemical

processes could be compromised if brookite is present in small concentrations.

Titanium dioxide anatase nanocrystals were prepared in this study by
hydrolysis method. Nano particles of anatase TiO, will be produced by meticulous
reaction conditions. In this work, the effect of hydrolysis reaction temperature and
stirring speed will be studied. X-ray diffraction analysis (XRD), Fourier-transform
infrared spectroscopy(FTIR), scanning electron microscopy (SEM), and Particle size
analysis (PSA) are used to characterize the synthesized TiO, powders which prepared

for feedstock materials for thermal spray process.

1.2 Problem Statement

In this urban era, fast technological and world growth will negatively impact
the environment, notably air pollution. Air pollution is primarily produced by traffic,



fossil fuelcombustion, industrial emissions, and indoor air pollution, among other
factors. According to IQAIr, Malaysia was placed 50th in the world in 2019 with a
PM2.5 rating of 19.36 g/m®, placing its annual average in the 'moderately’ polluted
range. To be classified as moderatelypolluted, a city or country must have a PM2.5
reading of between 12.1 and 35.4 g/m?, which Malaysia at the lower end of this range.
However, as can be seen, there are months throughout the year that experience
significant spikes in pollution. Such, both in terms of theyearly average rating and the
causes and appropriate measures that may arise in terms of pollution levels compared
to other countries in south-east Asia. Malaysia came in significantly higher than many
of its ASEAN (Association of South-East Asian Nations) neighbors, surpassing
countries such as Thailand, which came in 28th place in 2019, Vietnam (15th place),
and Indonesia (6th place). Malaysia faces a plethora of pollution andhaze-related
issues every year. After a year, its neighbors provide perspective on the progress made
over the last few decades of industrial growth and that, despite numerous roadblocks
on the path to cleaner air, pollution levels could eventually be significantly reduced.

Thus, the effective way to combat air pollution is to employ photocatalysis.

Due to its unique redox characteristic, it is exceptionally effective in removing
environmental pollutants. It is widely used in the oxidative elimination and

disinfection of air pollutants (Reddy et al., 2011). Photocatalysts can also be used to

coat TiO, using the thermal spray method. The feedstock material (powders, liquid
precursors, dispersions) is injected into an enthalpic source (flame, plasma) via a
carrier gas, where the particles are melted (the liquid precursor decomposed,
respectively), after which they are accelerated and impacted on the substrate, where
they solidify (Toma et al.,2008). Also, there are various functions, including wear and
corrosion resistance and sliding properties and thermalconductivity. By applying a
suitable coating, these properties can be tailored to meet specific requirements.
Coatings range in thickness from 100 um to 400 um, depending on the material and
application (Muzika et al.,, 2021). Anatase is mainly used for photocatalysis
mechanisms because it is more stable than brookite (Ohtani et al., 1985; Murakami et
al., 2009; Ismail et al., 2010; Kandiel et al., 2020; Addamo et al., 2006; Augugliaro et
al.; 2009;Zhang et al., 2012), which is the structure can be produced by hydrolysis
method. By hydrolysis method, the powder in micron size and naturally agglomerated



will produce during synthesis for photocatalyst application for coating using thermal
spray method since nanoparticles distribution tends to clog inside the hoses. However,
the use of nanoparticle size for photocatalyst gives better performance. Usually,
micron-sized agglomerated powder of nanostructured materials is used as spray
materials. However, this aggregation requires a dry spray process which will cause
extra processing costs. Therefore, a synthesis method that can produce naturally
agglomerated powders in micron-sized is used in this study to eliminate the
requirement of a dry spray process to produce spray materials for the thermal spray
process. Also, this work will contribute to increasing the effectiveness of
photocatalysts, which are a vital tool for reducing air pollution.

1.3 Objectives

The objectives as follows:

a) Toanalyze the effect of different stirring speeds and stirring time on hydrolysis

method to produce titanium dioxide for thermal spray process.

b) To characterize the as-synthesized TiO, on the structural or phase,

morphology, physical and chemical properties using SEM, XRD and FTIR.

1.4 Scope of Study

a) The titanium sulphate and distilled water mixed at 80 °C for 4,6 and 8 hours
on the magnetic hot plate stirrer with different stirring speed of 60, 125 and
350 rpm rates, respectively.

b) Then the obtained white precipitate is washed with distilled water five times,
and dried in a drying oven at 120°C for 10 hr.





