HYDROTHERMAL SYNTHESIS OF COBALT
DOPED TIN (IV) OXIDE FOR
MICROPLASTIC REMOVAL

NUR AINA SHAHIDA BINTI AHMAD

BACHELOR OF CHEMICAL ENGINEERING
(ENVIRONMENT) WITH HONOURS

UNIVERSITI TEKNOLOGI MARA

2022



HYDROTHERMAL SYNTHESIS OF COBALT DOPED-TIN
(IV) OXIDE FOR MICROPLASTICS REMOVAL

By

NUR AINA SHAHIDA BINTI AHMAD

This report is submitted in partial fulfillment of the requirements
needed for the award of
Bachelor of Chemical Engineering (Environment) with Honours

CENTRE FOR CHEMICAL ENGINEERING STUDIES
UNIVERSITI TEKNOLOGI MARA

AUG 2022



ACKNOWLEDGEMENT

In the name of Allah S.W.T my greatest appreciation and thanks to Him for rewarding
me lots of perseverance and patience in enduring lots of obstacles throughout this Final
Year Project II. Final year project helped me develop my critical thinking abilities and
soft skills as I was conducting the research for my project. I would want to convey my
thanks to everyone who has continuously provided excellent help and direction during
the creation of my report. A special thanks to my Final Year Project Supervisor, Dr.
Vicinisvarri Inderan for guiding me throughout the completion of this report and given
me plenty of good advice. Not to forget, thank you to my Final Year Project coordinator,
Ir.Dr. Noorzalila Muhammad Niza who had assisted the students to complete the report
according to period. Next, I warmly would like to thank and appreciate my parents for
giving their full support to me in every aspect. A good listener, and always lend their
shoulders and give me a very big support that no one would be able to do so whenever
me [ am at my lowest. I would like to thank my friends for the thoughtful encouragement
regarding the final year project. Last but not least, I wanna thank me, for believing in
me, for doing all this hard work, for having no days off, for never quitting, for just being
me at all times.

v



TABLE OF CONTENTS

PAGE
AUTHOR’S DECLARATION i
SUPERVISOR’S CERTIFICATION ii
COORDINATOR’S CERTIFICATION iii
ACKNOWLEDGEMENT iv
TABLE OF CONTENTS v
LIST OF TABLES vii
LIST OF FIGURES viii
LIST OF PLATES ix
LIST OF SYMBOLS X
LIST OF ABBREVIATIONS xi
ABSTRACT xii
CHAPTER ONE INTRODUCTION 1
1.1 Research Background 1

1.2 Problem Statement 4
1.3 Objectives 5
1.4  Scope of Work 6

CHAPTER TWO LITERATURE REVIEW 7
2.1 Microplastics (MPs) 7
2.1.1 Microplastics pollution 8
2.2 Current treatment technology for microplastics removal 9
2.3 Photocatalytic degradation of Microplastics (MPs) 12
2.3.1 Photocatalytic degradation of Mps using TiO. Nanoparticle Film 12
2.3.2 Photocatalytic degradation of Mps with zinc oxide (ZnO) nanorods 13

2.3.3 Photocatalytic degradation of Mps with SnO. quantum dots 15
2.4 Hydrothermal synthesis of SnO: nanostructures 18
2.5  Tin oxide doped 19

2.6 Mechanism of photocatalytic reaction 20

A



ABSTRACT

Microplastic pollution of water and ecosystem is attracting continued attention
worldwide. Due to their small sizes (<5 mm) microplastic particles are discharged to
the environment from treated wastewater effluents. Due to the stability of plastic debris
and the fact that it often takes a longer time to decompose, the discharge of plastic waste
into water bodies may have a negative influence on the ecosystem in many ways.
Therefore, improvement on the existing water treatment technique is required. This
study carried out the photocatalytic reaction on the degradation of polypropylene (PP)
microplastics under visible light irradiation. SnO> were employed as the photocatalyst.
SnO, nanostructures are usually modified with some metal dopants to enhance the
photocatalytic activity. In this work, pure tin oxide (SnOz2), 10% cobalt (Co) doped SnO>
(10% Co: SnO2) nanorods were successfully synthesised via hydrothermal method at
low temperature (180°C). To investigate the effect of 10% Co dopant on SnO> nanorods,
structural characterizations were demonstrated using scanning electron microscopy
(SEM), x-ray diffraction (XRD) analysis, and an UV-vis spectroscopy. XRD and UV-
vis results shows 10% Co: SnO; reduced the crystalline size of SnO; nanorods. FTIR
and SEM was used to analyse the characterization on PP. SEM shows structural changes
on the treated PP such as cracks, holes and cavities after the reaction. FTIR shows that
photo-oxidation reaction occurs in photodegradation process under visible light where
the presence of hydroxyl and carbonyl peaks detected after microplastic treated with
10% Co: SnOs. 10% Co: SnOz photocatalyst had efficiently promote degradation of PP.
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