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ABSTRACT

Recently, more research have been conducted towards decorating iron oxide with MWCNTSs
to form nanostructured materials. This is due to the unique amphoteric properties of iron
oxide that offers the flexibility on shifting the surface charge of iron oxide as well as
physicochemical properties obtained by MWCNTSs. This iron oxides decorated with
MWCNTs have shown photocatalytic, optical and visible light photoelectrochemical
performance. This project has focused on the optimization of the growth process of a-Fe2O3
nanowires and decorated with MWCNTSs to form a-Fe>O3s/MWCNTSs nanocomposite. This
combination is then used for the photocatalysis application. Previously, iron oxide had
limitation as photocatalyst because electron-hole charge recombination on the oxide surface
and charge transportation as well as limitation in visible-light responsive. Hence, by
combining with MWCNTSs forming nanocomposite it would give the opportunity to extend
the absorption wavelength of the UV light to visible light region and promote the generation
and separation of photogenerated carrier in photocatalytic application. In this work,
nanostructure was synthesized on Fe foil by oxidation process approach. Fe foil was used as
substrate to grow the nanostructure. In order to get a good control of the dimension and high
aspect ratio of the nanostructure, several parameter were investigated such as effect of
oxidation temperature, time and condition on the substrate. The morphology and phase of a-
Fe>Os nanowires formed was characterized using FESEM, XRD and Raman. Under
optimized oxidation condition (400 °C and 120 minutes), the length of nanowires are reached
1 - 1.8 um and average nanostructure diameter is 40 - 70 nm. The density, length and
diameter was found to be affected by the oxidation time and temperature. These factors
influenced the rate of diffusion during oxidation thus will reflected the thickness of oxide
layer. While, the composite sample of a-Fe203/MWCNTS nanocomposite were successfully
formed by the spin coating of MWCNTSs on the a-Fe;Os nanostructure produced by
optimized condition of 3500 rpm. The treatment of MWCNTSs in 3 M HNO3 was conducted
before spin coated on the a-Fe2Os substrate to improve the solubility of MWCNTS in solvent.
It was found that treated MWCNTs has shown better dispersion in DMF solvent. a-Fe2Os3
nanostructure and a-Fe>O3/MWCNTS were subjected to photocatalytic degradation using 30
ppm methyl orange for 5 hours of discoloration. Comparison studies in morphology and
structure were performed between a-Fe2O3 thin film and a-Fe2Os/MWCNTS with different
amount of MWCNTSs to getting good interaction between a-Fe>Oz and MWCNTSs. As the
conclusion, a-Fe2Oz/MWCNTs composite with 0.25 mg of MWCNTSs was found to be more
effective in the degradation of methyl orange compare to the bare a-Fe203 thin film.



ABSTRAK

Baru-baru ini, banyak penyelidikan telah dijalankan untuk menghasilkan oksida besi
bersama MWCNTs bagi membentuk bahan nanostruktur. Ini adalah kerana keunikan sifat
amphoterik oksida besi yang menawarkan fleksibiliti untuk mengerakkan cas permukaan
oksida besi serta sifat fizikokimia yang diperolehi oleh MWCNTSs. Oksida besi bersama
MWCNTs telah menunjukkan sifat fotokatalisis, optik dan prestasi cahaya tampak
fotoelektrik kimia. Projek ini telah memberi tumpuan kepada pengoptimuman proses
pertumbuhan nanowayar o-Fe>O3 dan bergabung bersama MWCNTs untuk membentuk
nanokomposit a-Fe>O3/MWCNT. Gabungan nanokomposit ini kemudiannya digunakan
untuk aplikasi fotokatalisis. Sebelum ini, oksida besi mempunyai had sebagai fotokatalis
kerana penggabungan semula cas elektron-lubang pada permukaan oksida dan cas
pengangkutan di mana menghadkan tindak balas cahaya tampak, Oleh itu, dengan
penggabungan MWCNTSs bagi membentuk nanokomposit, ia akan memberi peluang untuk
memanjangkan penyerapan gelombang UV ke cahaya tampak dan mengaktifkan
penghasilan dan pemisahan pembawa fotogenerasi di dalam aplikasi fotokatalisis. Dalam
penyelidikan ini, nanostruktur disintesis pada kepingan Fe melalui proses pengoksidaan.
Kepingan Fe digunakan sebagai substrat untuk pertumbuhan nanostruktur. Untuk
mendapatkan kawalan yang baik terhadap dimensi dan nisbah aspek tinggi nanostruktur,
beberapa parameter telah dikaji seperti kesan suhu pengoksidaan, masa dan keadaan pada
substrat. Morfologi dan fasa nanowayar a-Fe>Os terbentuk akan dianalisa menggunakan
FESEM, XRD dan Raman. Dalam keadaan pengoksidaan yang optimum (400 °C dan 120
minit), panjang nanowayar mencapai 1 - 1.8 um dan diameter nanostruktur purata ialah 40
- 70 nm. Ketumpatan, panjang dan diameter didapati dipergaruhi oleh masa dan suhu
pengoksidaan.  Faktor-faktor ini  mempengaruhi kadar penyebaran semasa
pengoksidaan,dengan itu akan memberi kesan kepada ketebalan lapisan oksida. Sementara
itu, sampel komposit (a-Fe,O3/MWCNTS) telah berjaya dibentuk oleh salutan putaran
MWCNTSs ke atas nanostruktur o-Fe2Oz yang dihasilkan oleh keadaan pengoksidaan yang
dioptimumkan dengan 3500 rpm. Rawatan dilakukan ke atas MWCNTs dalam 3 M HNOs
sebelum salutan putaran pada substrat a-Fe2Os untuk meningkatkan kelarutan MWCNTS
dalam pelarut. Didapati bahawa MWCNTSs yang dirawat telah menunjukkan penyebaran
yang lebih baik dalam pelarut DMF. a-Fe;Os nanostruktur dan a-Fe;Os/MWCNTS
didedahkan kepada degradasi fotokatalisis menggunakan 30 ppm metil oren selama 5 jam
untuk perubahan warna. Kajian perbandingan dalam segi morfologi dan struktur dilakukan
antara filem tipis o-Fe;03 dan a-Fe20O3/MWCNTSs dengan jumlah MWCNTS yang berbeza
untuk mendapatkan interaksi yang baik antara a-Fe;Os dengan MWCNTSs. Sebagai
kesimpulan, gabungan o-Fe>O3/MWCNTSs dan 0.25 mg MWCNTSs didapati lebih berkesan
dalam penurunan kadar metil oren berbanding dengan filem tipis a-Fe2O3 tanpa MWCNTS.



© Universiti Teknikal Malaysia Melaka



ACKNOWLEDGEMENTS

First and foremost, | would like to express my gratefulness to Allah SWT, because of his
blessing giving me a great opportunity, strength and wealth to complete this thesis. A special
gratitude to my beloved family especially my father Abu Bakar bin Hamid and my mother,
Salbiah binti Abd Rahman for having faith in me, endless support, spirit, motivation and
contributed financially, without them, it would be impossible for me to complete this
research.

My heartiest and deepest gratitude to my supervisor, Dr Syahriza binti Ismail from Faculty
of Manufacturing Engineering Universiti Teknikal Malaysia Melaka (UTeM) for the
knowledge, advice and guidance throughout the entire project. Particularly, 1 would also like
to express my warm and thanks to my co-supervisor Dr Jeefferie bin Abd Razak for advice
and suggestion to completion this work. Furthermore, |1 would like to the technicians and
staffs in Faculty of Manufacturing Engineering for the cooperation and efforts during
analysis works.

Finally, special thanks to my entire friends for the cooperation, support and guidance
provided especially Nurul Akmil binti Mustaffa and Nur Najiha. | am greatly touched by the
commitments and dedications they have shown. | wish to say that | treasure very much the
friendship of my friends who have been very supportive in providing all necessary help and
advice during this journey in completing this research.

Thank you very much.



TABLE OF CONTENTS

PAGE
DECLARATION
APPROVAL
DEDICATION
ABSTRACT i
ABSTRAK ii
ACKNOWLEDGEMENTS ii
TABLE OF CONTENTS iv
LIST OF TABLES vii
LIST OF FIGURES X
LIST OF APPENDICES XVi
LIST OF ABBREVIATIONS XVii
LIST OF PUBLICATIONS Xviii
CHAPTER
1. INTRODUCTION 1
1.1 Introduction 1
1.2 Problem statement 3
1.3 Research objectives 5
1.4  Research scope 5
1.5  Thesis outline 6
1.6 Summary 7
2. LITERATURE REVIEW 8
2.1  Introduction 8
2.2 Iron oxide nanostructure 8
2.2.1 Properties of iron oxide 10
2.3 Technique to produce nanostructure of metal oxide 13
2.3.1 Sol gel process 13
2.3.2 Hydrothermal process 14
2.3.3 Chemical Vapor Deposition (CVD) 15
2.3.4 Thermal oxidation 16
2.3.4.1 Mechanism of iron oxide formation 17
2.3.4.2 Growth mechanism of iron oxide nanowire 20
2.5  Carbon Nanotubes (CNTS) 25
2.5.1 Type of CNTs 25
2.5.2 Properties of CNTs 28
2.6 Technique of treatment and dispersion of CNTs 30
2.6.1 Mechanical method 32
2.6.2 Surface treatment of CNTs 34
2.7  Fabrication method for a-Fe,O3z/CNTs composite thin films 38
2.7.1 Spray coating 39
2.7.2 Dip coating 40
2.7.3 Spin coating 41
2.8 Photocatalyst application of a-Fe>O3 nanostructure/ MWCNTSs 42
2.9  Factor influencing photocatalytic properties 45
2.9.1 Absorption spectrum 45



2.10

2.11

2.9.2 Electron conductivity

2.9.3 Surface area

Technique to improve the photocatalytic property of materials
2.10.1 Doping

2.10.2 Surface modification

2.10.3 Heterostructures/multilayer

2.10.4 Formation of composites

Summary

METHODOLOGY

3.1
3.2
3.3

3.4

3.5

Introduction

Raw material and equipment

Experimental method

3.3.1 Formation of a-Fe>Oz nanostructure
3.3.1.1 Substrate preparation and cleaning
3.3.1.2 Thermal oxidation process

3.3.2 Surface treatment of MWCNTSs

3.3.3 Formation of nanocomposite (a-Fe2O3 nanostructure/
MWCNTS)
3.3.3.1 Nanocomposite formation technique

3.3.4 Photocatalytic test
3.3.4.1 Methyl Orange (MO) preparation
3.3.4.2 Degradation of dye

Characterization technique

3.4.1 Field Emission Scanning Electron Microscopy (FESEM)

3.4.2 Raman spectroscopy

3.4.3 X-Ray Diffraction (XRD)

3.4.4 Energy Dispersive X-Ray spectroscopy (EDX)
3.4.5 Fourier Transform Infrared spectroscopy (FTIR)
3.4.6 Photoluminescence (PL)

3.4.7 UV Visible spectroscopy (UV-Vis)

Summary

RESULT AND DISCUSSION

4.1
4.2

4.3

Introduction

Formation of iron oxide nanostructure by thermal oxidation process

4.2.1 Effect of oxidation temperature

4.2.1.1 Field Emission Scanning Electron Microscopy

(FESEM) analysis
4.2.1.2 X-Ray Diffraction (XRD) analysis
4.2.1.3 Raman spectroscopy (RAMAN) analysis
4.2.2 Effect of growth time

4.2.2.1 Field Emission Scanning Electron Microscopy

(FESEM) analysis
4.2.2.2 X-Ray Diffraction (XRD) analysis
4.2.2.3 Raman spectroscopy (RAMAN) analysis
4.2.3 Mechanism of a-Fe.O3z nanowires formation
4.2.4 Summary of a-Fe2Oz nanostructure formation
Surface treatment of MWCNTSs

Vv

45
46
46
46
48
50
51
55

57
57
59
61
61
61
61
63
63

64
66
67
67

68
68
69
69
70
70
71
71
72

74
74
74
75
75

79
82
84
85

87
90
92
94
94



4.3.1 Field Emission Scanning Electron Microscopy
(FESEM) analysis
4.3.2 X-Ray Diffraction (XRD) analysis
4.3.3 Raman spectroscopy (RAMAN) analysis
4.3.4 Fourier Transform Infrared spectrometer (FTIR)
analysis
4.4 Formation of nanocomposite (a-Fe20O3 nanostructure/MWCNTS)
4.4.1 Nanocomposite formation technique by route | and route 11
4.4.1.1 Field Emission Scanning Electron Microscopy
(FESEM) analysis
4.4.1.2 Energy Dispersive X-Ray (EDX) analysis
4.4.1.3 X-Ray Diffraction (XRD) analysis
4.4.1.4 Raman spectroscopy (RAMAN) analysis
4.4.1.5 Fourier Transform Infrared spectrometer (FTIR)
analysis
4.4.1.6 Photoluminescence spectrum (PL) analysis
4.4.1.7 Ultraviolet-Visible spectroscopy (UV-Vis) analysis
4.4.2 Effect of amount of MWCNTSs
4.4.2.1 Field Emission Scanning Electron Microscopy
(FESEM) analysis
4.4.2.2 X-Ray Diffraction (XRD) analysis
4.4.2.3 Raman spectroscopy (RAMAN) analysis
4.3.4 Summary of nanocomposite structure (a-Fe2Os/ MWCNTYS)
4.5  Photodegradation Testing
4.5.1 Mechanism of photocatalytic in a-Fe;O3/MWCNTS
nanocomposite

S. CONCLUSION AND RECOMMENDATIONS

51 Conclusion
5.2 Recommendations for future work

REFERENCES
APPENDICES

Vi

94

96
97
100

103
103
103

113
114
117
123

126
128
131
131

133
134
136
137
139

141
141
142

143
173



LIST OF TABLES

TABLE TITLE PAGE
2.1 Physical and magnetic properties of iron oxide (Vincent et al., 2011) 10
2.2 Four mechanism for transportation of ions (Choopun et al., 2010) 18
2.3 Summarizing the journal about nanowires structure 24
2.4 Advantages and disadvantages of CNTs (Eatemadi et al., 2014) 30
2.5 Fabrication and application of iron oxide-based magnetic materials 48

as photocatalyst

2.6 Photocatalytic properties of a-Fe2O3 based on surface modification 49
2.7 Photocatalytic properties of o-Fe2Os based on multilayer/ 51
heterojunction
2.8 Photocatalytic properties of a-Fe2Oz based on composites 53
3.1 The list of chemical and materials used in the research 59
3.2 The list of equipment and apparatus used in the research 60
3.3 List of the parameters of thermal oxidation process 62
3.4 Flow chart of overall experiment formation of nanocomposite by 64

route | and route 11

35 Variable parameter for dispersion of MWCNTSs 65
3.6 Constant parameter in various solvent 65
3.7 Parameter for MWCNTS by spin coating process 66
4.1 Image of iron oxide on oxidized Fe foil with different temperature 78

(a) 200 °C, (b) 400 °C and (c) 600 °C

4.2 Summary of description of SEM image observation in term of a- 78
Fe>Os nanowires/nanorods formation for effect of oxidation
temperature by Image J software

4.3 Various phases ICDD of iron oxide that match XRD pattern of iron 81
oxide nanostructure formed with oxidation temperature 200 °C at
90 minutes

vii



4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

4.14

4.15
4.16

Various phases ICDD of iron oxide that match XRD pattern of iron
oxide nanostructure formed with oxidation temperature 400 °C at
90 minutes

Various phases ICDD of iron oxide that match XRD pattern of iron
oxide nanostructure formed with oxidation temperature 600 °C at
90 minutes

Raman shift of variant phases iron oxide that match Raman shift of
iron oxide nanowires at 90 minutes with oxidation temperature
400 °C

Raman shift of variant phases iron oxide that match Raman shift of
iron oxide nanowires at 90 minutes with oxidation temperature

600 °C

Summary of description of FESEM image observation in term of a-
Fe>O3 nanowires/nanorods formation for effect of oxidation time

at 400 °C by Image J software

Various phases ICDD of iron oxide that match XRD pattern of iron
oxide nanowires formed with oxidation temperature 400 °C at 90
minutes

Various phases ICDD of iron oxide that match XRD pattern of iron
oxide nanowires formed with oxidation temperature 400 °C at 120
minutes

Raman shift of variant phases iron oxide that match Raman shift of
iron oxide nanowires at 90 minutes with oxidation temperature
400 °C

Raman shift of variant phases iron oxide that match Raman shift of
iron oxide nanowires at 120 minutes with oxidation temperature
400 °C

In/lg intensity ratio for different treatment method

Comparison of absorption peaks in the synthesis untreated and
treated MWCNTS

The value of surface tension of liquid (Barry, 2011)

The value of critical surface tension of substrate (Barry, 2011)

viii

81

82

84

84

87

89

89

91

92

100

102

107
107



4.17

4.18

4.19

4.20

4.21

4.22

The value of characteristic dispersion of MWCNTs (Khodadadi et
al., 2009)

Graph average Ic/lo of MWCNTs in a-Fe,Os/MWCNTS
nanocomposite in different of route (a) route I and (b) route 11
Comparison of absorption peaks in the synthesis of nanocomposite
both of composite and pristine a-Fe203

Absorption properties for pristine a-Fe;O3 and a-Fe;O3/MWCNTS
nanocomposite

G band position of MWCNTSs and intensity ratio of “D” and “G”
band (Io/lg) in a-Fe2O3/MWCNTSs nanocomposite

Sample used for degradation of methyl orange

107

120

126

130

135

137



LIST OF FIGURES

FIGURE TITLE PAGE

2.1 Typical SEM image of 1D nanostructure (a) nanowire, (b) 9
nanorods, (c) nanotubes, (d) nanobelts, (e) nanoribbons and (f)

hierarchical nanostructure (Pan et al., 2012)

2.2 Crystal structure of hematite (a- Fe2Oz) (Zboril et al., 2002) 11

2.3 Crystal structure of magnetite (FesOs) (Teja and Koh, 2009) 12

2.4 Crystal structure of maghemite (y-Fe203) (Zboril et al., 2002) 13

2.5 Basic scheme for the sol gel process (Rao et al., 2017) 14

2.6 Schematic diagram for hydrothermal process (Einarsrud and 15
Grande, 2014)

2.7 Schematic diagram for Chemical Vapor Deposition (CVD) 16
(Zhang et al., 2016)

2.8 Schematic diagram of thermal oxidation (Grigorescu et al., 2012) 17

2.9 Schematic diagram of four possible mechanisms of ion transport 19

in oxidation reaction; the transportation of oxygen ions by (a)
oxygen interstitial mechanism, (b) oxygen vacancy mechanism,
the transportation of metal ions by (c) metal interstitial mechanism

and (d) metal vacancy mechanism (Choopun et al., 2010)

2.10 The cross-section SEM image of Fe substrate oxidized at (a) 400 20
°C and (b) 600 °C (Yuan et al., 2012)
211 Four steps of iron oxide nanowire growth mechanism (1) oxygen 21

adsorption, (2) surface oxidation to form nuclei, (3) nuclei
arrangement and (4) formation of nanowires (Choopun et al.,
2010)

2.12 XRD pattern, SEM image and size distribution histogram showing 22
the effect of temperature on growth (Hiralal et al., 2008)



2.13

2.14
2.15

2.16

2.17

2.18
2.19

2.20
2.21

2.22

2.23

2.24

2.25

2.26
2.27

2.28

SEM surface micrograph of nanowires grown for different times
(Hiralal et al., 2008)

Type of carbon nanotubes (Karimi-Maleh et al., 2018)

Sketch of ways to make SWCNT starting from a graphene sheet
(Maetal., 2014)

Three different structure of SWCNTSs (a) armchair nanotube, (b)
zigzag nanotube and (c) chiral nanotube (Scarselli et al., 2012)
The structure of MWCNTs (a) russian doll model and (b)
parchment model (Alsharef et al., 2017)

TEM images of (a) SWCNTs and (b) MWCNTSs (Jeon et al., 2011)
Schematic for primary particle, agglomerate and aggregate
(Walter, 2013)

Classification of methods to disperse of CNTs

Type of sonicators for CNT dispersion (a) bath sonicator and (b)
probe sonicator (Domun et al., 2015)

Four step mechanism dispersion of CNTs by sonication (i)
ultrasonic processing “frays” the bundles end, (ii) adsorption of
surfactant, (iii) latter process continues in an ‘“unzippering”
fashion and (iv) release of an isolated, surfactant-coated nanotube
in solution (Strano et al., 2003)

Possible structure of oxygen-containing group on the CNTs
surface (a) carboxyl group, (b) hydroxyl group, (c) carbonyl
group, (d) xanthene or ether group, (e) carboxylic group, (f)
lactone group, (g) lactols group and (h) quinone group (Gupta and
Saleh, 2011)

Effect functional groups on adsorption properties (Pan and Xing,
2008)

Schematic representation of the spraying process and different
coordinates (Ng and Gan, 2005)

Schematic of the dip coating (Harun et al., 2018)

Schematic diagram step of spin coating process (Das and Chanda,
2016)

Mechanism of photocatalyst reaction (Dutta et al., 2014)

Xi

23

25
26

26

27

27
31

32
33

36

37

38

39

40
41

43



2.29

3.1

3.2

3.3
4.1

4.2

4.3

4.4

4.5

4.6

4.7

Schematic diagram of the proposed mechanism of
photodegradation over CNT/MO nanoparticle composite (Saleh et
al., 2013)

Flow chart of the experimental works for the formation of a-Fe.O3
/IMWCNTS nanocomposite

Oxidation profile Fe at various temperature and time

Schematic diagram of degradation of methyl orange dye

FESEM image of o-Fe>Os nanowires oxide layer formed by
thermal oxidation with temperature (a) 200 °C, (b) 400 °C and (c)
600 °C at 90 minutes. Images with (i) display the low
magnification of the top view and (ii) display the high
magnification

XRD patterns for Fe substrate formed by thermal oxidation
process with different temperature of 200 °C, 400 °C and 600 °C
at 90 minute. I indicate the Fe, while M and H indicate magnetite
and hematite

Raman spectrum for iron oxide nanowires by thermal oxidation
process with different oxidation temperature at 90 minute. M and
H indicate magnetite and hematite

FESEM image of a-Fe»Os nanowires oxide layer formed by
thermal oxidation with time (a) 60 minutes, (b) 90 minutes and (c)
120 minutes at 400 °C. Images with (i) display the image of the
top view with high magnification 30 kx and (ii) display the cross
sectional morphologies

XRD patterns for Fe substrate formed by thermal oxidation
process with time of 90 minutes and 120 minutes at 400 °C. |
indicate the iron (Fe), while M and H indicate magnetite and
hematite respectively

Raman spectrum for iron oxide formed by thermal oxidation
process with different time at 400 °C in air

Schematic stress-driven mechanism of a-Fe>Os nanowires growth

via diffusion

xii

53

58

62
68

80

83

86

88

91

93



4.8

4.9

4.10

411

412

4.13
4.14

4.15

4.16

4.17

4.18
4.19

FESEM image of (a) untreated MWCNTs and (b) treated
MWCNTs in 3 M nitric acid. Images with (i) display
morphologies with low magnification (20 kx) and (ii) display
morphologies with high magnification (50kx)

The XRD spectrum of the (a) untreated MWCNTSs and (b) treated
MWCNTSs in 3 M nitric acid

Raman shift for untreated MWCNTSs and treated MWCNTSs in 3
M nitric acid

FTIR spectra of untreated MWCNTSs and treated MWCNTSs in 3
M nitric acid

FESEM micrographs of a-Fe2O3/MWCNTSs nanocomposite by
route | dispersed in different solvent (a) untreated and (b) treated
MWCNTSs. Different solvent used for dispersion (i) Distilled
water, (ii) Acetone, (iif) DMF and (iv) SDBS surfactant
Schematic diagram of dispersion and distribution of all solvent
The schematic mechanism of a-Fe,Oz/MWCNTs composite by
route |

Cross-section FESEM micrographs of a-Fe2Os/MWCNTS
nanocomposite with treated MWCNTSs in (a) Distilled water
solvent and (b) DMF solvent

FESEM micrographs of a-Fe,O3/MWCNTSs nanocomposite by
route 11 dispersed in different solvent (a) untreated MWCNTS and
(b) treated MWCNTSs. Different solvent used for dispersion (i)
Acetone, (ii) DMF and (iii) Aqueous solvent (SDBS)

The schematic mechanism of a-Fe2Os/MWCNTSs nanocomposite
by route 11

EDX spectra of a-Fe2Os/MWCNTS nanocomposite

XRD patterns for a-Fe;Oszand a-Fe2Os/MWCNTS nanocomposite
by route | dispersed in different solvent with (a) untreated
MWCNTSs and (b) treated MWCNTSs. Different solvent used for
dispersion (i) Acetone, (ii) DMF and (iii) Aqueous solvent
(SDBS). I indicated iron, M and H indicate magnetite and hematite

respectively

Xiii

96

97

99

102

106

108
109

110

112

113

114
116



4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

XRD patterns for a-Fe20z and a-Fe.Oz/MWCNTS nanocomposite
by route Il dispersed in different solvent with (a) untreated
MWCNTSs and (b) treated MWCNTSs. Different solvent used for
dispersion (i) Acetone, (ii) DMF and (iii) Aqueous solvent
(SDBS). I indicated iron, M and H indicate magnetite and hematite
respectively

Raman shift of a-Fe;O3 and a-Fe203/MWCNTSs nanocomposite by
route | dispersed in different solvent with (a) untreated MWCNTS
and (b) treated MWCNTSs. Different solvent used for dispersion (i)
Acetone, (ii) DMF and (iii) Aqueous solvent (SDBS)

Raman shift of a-Fe;O3 and a-Fe203/MWCNTSs nanocomposite by
route Il dispersed in different solvent with (a) untreated MWCNTS
and (b) treated MWCNTSs. Different solvent used for dispersion (i)
Acetone, (ii) DMF and (iii) Aqueous solvent (SDBS)

Graph average lg/lp of MWCNTs in o-Fe2Os/MWCNTS
composite in different of route (a) route I and (b) route 11

Graph average Ic/lo of MWCNTSs in a-Fe Oz/treated MWCNTS
nanocomposite in DMF solvent

The fundamental Raman vibration of a-Fe2Os in (a) pristine o-
Fe20s, (b) a-Fe20s/treated MWCNTS by route | and (c) a-Fe203
[treated MWCNTSs by route Il in DMF solvent

Fourier Transform Infrared (FTIR) spectra of (a) pristine a-Fe20s,
(b) a-Fe20s/treated MWCNTS by route | and (c) a-Fe2Oxs/treated
MWCNTSs by route Il

Photoluminescence spectra of (a) pristine a-Fe2Oz, (b) a-Fe20s
/untreated MWCNTS, (c) a-Fez2Os/treated MWCNTS by route I,
(d) a-FexOsfuntreated MWCNTs and (e) a-Fe2Os/treated
MWCNTSs by route 1. All sample in DMF solvent

Estimated band-gap energy of the (a) pristine a-Fe2Os, (b) a-
Fe>Os/untreated MWCNTS, (c) a-Fe2Os/treated MWCNTSs. All
sample in DMF solvent. Figure with (i) display route | and (ii)

route 11

Xiv

117

118

119

121

122

123

125

128

129



4.29

4.30

431

4.32

4.33

4.34
4.35

Optical absorbance spectra of the (a) pristine a-Fe20s3, (b) a-Fe203
/treated MWCNTSs by route | and (c) a-Fe2Os/treated MWCNTS
by route 11

FESEM image of o-Fe2Os/MWCNTs nanocomposite with
difference amount of MWCNTSs (a) 0.15 mg, (b) 0.25 mg, (c) 0.35
mg and (d) 0.5 mg. Images with (i) display the low magnification
and (ii) display the high magnification of the top view

XRD of a-Fe203/MWCNTSs nanocomposite with different amount
of MWCNTSs

Raman shift of a-Fe2Oz/MWCNTSs nanocomposite with difference
amount of MWCNTSs

Intensity ratio of “D” and “G” band (Ip/lg) in a-Fe,Os/MWCNTS
nanocomposite with different amount of MWCNTSs
Photocatalytic degradation of methyl orange in 5 hours

The proposed mechanism of photocatalytic in a-Fe2Os/MWCNTS
nanocomposite (a) trapping electron and hole, (b) delay

recombination of a-Fe2O3 and (c) MWCNTSs as transferring agent

XV

131

133

134

135

136

138
140



LIST OF APPENDICES

APPENDIX TITLE PAGE
A ICDD of iron 173
B ICDD of magnetite 175
C ICDD of hematite 178

XVi



AOPs
a-Fex03
CVvD
DMF
EDX

Fe

FeO
FesO4
FESEM
FTIR
HNO3
MO
MWCNTSs
PL
SDBS
TiO;
UV-Vis
XRD
ZnO

LIST OF ABBREVIATIONS

Advanced oxidation processes

Hematite

Carbon Vapour Deposition
Dimethylformamide

Energy Dispersive X-ray spectroscopy
Iron

Woustite

Maghematite

Field Emission Scanning Electron Microscopy
Fourier Transform Infrared spectroscopy
Nitric acid

Methyl Orange

Multi-Walled Carbon Nanotubes
Photoluminescence

Sodium Dodecylbenzenesulfonate
Titanium Oxide

Ultraviolet-Visible spectroscopy

X-Ray Diffraction microscopy

Zinc Oxide

XVii



LIST OF PUBLICATIONS

Ismail, S., Abu Bakar, F. I., and Ahmad, N. N., 2019. Synthesis of Fe20s/MWCNTSs
Composite by Oxidation and Spin Coating. In AIP Conference Proceedings, 2068(1),

pp. 1-5. AIP publishing.

Bakar, F. I. A., Ismail, S., Nurulnabilah, A., and Shahadan, M. S., 2018. Synthesis of a
-Fe2O3 NanowiressMWCNTs Composite for Photocatalyst. Journal of Physics:

Conference series, 1082(1), pp. 1-6.

Ismail, S., Bakar, F. I. A., Lee Yen, B. A. W., Eshak, Z., and Rozana, M., 2018.
Preparation of Cobalt decorated Titanium Dioxide Nanotubes by Electrodeposition.

Journal of Advanced Manufacturing Technology (JAMT), 12(1(4)), pp. 99-110.

Bakar, F. I. A., Birang, K. A., Adnan, M. A. M, Razak, J. A., and Ismail, S., 2017.
Formation of Cobalt Doped Zinc Oxide Photocatalyst for Methyl Orange Degradation.

Solid State Phenomena, 264, pp. 211-214. Trans Tech Publications.

XViil



