TABLE OF CONTENTS

Page
TABLE OF CONTENTS i
LIST OF TABLES i
LIST OF FIGURES iv
LIST OF ABBREVIATIONS Vi
INTRODUCTION 1
LITERATURE REVIEWS 4
MATERIALS AND METHODS 25
Materials 25
Methods 26
RESULTS AND DISCUSSION 36
CONCLUSION 65
LITERATURE CITED 67

APPENDIX 74



Table

A W N -

© 00 N O O

10

11

12

LIST OF TABLES

A classification of metals according to their abilities in chemisorption
Chemical composition of the rice husk

Composition of rice husk ash

The energy scanning range, the energy step and the number

of scan of the investigated elements

The operating condition of gas chromatography

Specific surface area of the supports component

Particle size distribution of Na,WO,-Mn catalyst on various supports
Phase identification and crystalline size of the catalysts

Specific surface area of the catalysts

Near-surface compositions (at.%) of Na,WO,-Mn catalyst

on various supports

The reaction temperature to achieve the maximum conversion

and selectivity of C,, COzand CO on Na;WO,4-Mn on

different supports

The reaction time to achieve the maximum conversion and
selectivity of C,, CO,and CO on Na;WO,4-Mn on different
supports at 800°C

Page

10
19
20

33
35
39
42
43
44

52

61

62



Figure

© 00 N o o1 b W

10
11
12
13
14
15
16
17
18
19
20
21
22

23

24

LIST OF FIGURES

Reaction mechanism for the oxidative coupling of methane
Two tentative models involve the possible formation of
active oxygen species (O*)

Flowchart of Silica powder extraction

Flowchart for RHA support preparation

Flowchart for aluminium hydroxide purification

Flowchart for the synthesis of mullite

Flowchart of catalyst preparation

The reaction setup for the OCM reaction.

XRD pattern of SiO, powder and RHAQ

XRD pattern of mullite at various sintering temperature
XRD pattern of Na,WO,4-Mn supported SiO, powder and RHA
XRD pattern of Na,WO,4-Mn supported mullite.

XPS spectra of Na,WO,4-Mn catalyst supported

XPS spectra of C 1s region

XPS spectra of O 1s region

XPS spectra of Si 2p region

XPS spectra of Na 1s region

XPS spectra of W 4f region

XPS spectra of Mn 2p region

XPS spectra in the Al 2p region of Na;WO4-Mn/mullite_1300

Proposed mechanism of OCM at the surface of Na,WO,-Mn catalyst

The catalytic performance at various temperatures of Na,WO,-Mn/

SiO; powder

The catalytic performance at various temperatures of Na,WO,-Mn/

RHA_1 500

The catalytic performance at various temperatures of Na;WO,-Mn/

Mullite_1300

Page

53

53

54



Figure

25
26
27
28
29
30
31
32
33
34
35

LIST OF FIGURES (Continued)

The catalytic performance of Na,WQO,-Mn/SiO, powder
The catalytic performance of Na,WO,-Mn/RHA 1 500
The catalytic performance of Na,WO,-Mn/RHA 1 900
The catalytic performance of Na,WO,-Mn/RHA_3 900
The catalytic performance of Na,WO,-Mn/mullite_1200
The catalytic performance of Na,WO,-Mn/mullite_1300
The catalytic performance of Na,WO,-Mn/mullite_1400
The catalytic performance of Na,WO,-Mn/mullite_1500
The XRD patterns of Na;WO4-Mn/SiO, powder catalyst
The XRD patterns of Na,WO,-Mn/RHA_1 500 catalyst
The XRD patterns of Na,WO,-Mn/mullite_1300 catalyst

Appendix Figure

Al
A2
A3
A4
A5
A6
AT
A8
A9
Al0
All
Al2
Al3
Al4

XRD reference data of silicon oxide in quartz form

XRD reference data of silicon oxide in synthesis cristoballite form
XRD reference data of aluminum oxide in k-Al,0O3 form

XRD reference data of aluminum oxide in corundum form
XRD reference data of silicon oxide in cristoballite form

XRD reference data of aluminum silicon oxide in mullite form
XRD reference data of Na,WO,

XRD reference data of Mn,O3

XRD reference data of MNWO4

XRD reference data of Mn(WO,)

XRD reference data of Mn(WOQ,)

XRD reference data of silicon oxide in cristoballite form

XRD reference data of silicon oxide in tridymite form

XRD reference data of Na,W,07

Page

55
56
57
57
58
59
60
60
63
64
64

76
77
78
79
80
81
82
83
84
85
86
87
88
89



LIST OF FIGURES (Continued)

Appendix Figure

Al5
Bl
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11
B12
B13
B14
B15
B16
C1

C2

C3
C4
C5
C6

XRD reference data of Mn

BET analysis of SiO, powder purified from rice husk ash

BET analysis of RHA_1 500 support

BET analysis of RHA_1 900 support

BET analysis of RHA_3 900 support

BET analysis of mullite_1200

BET analysis of mullite_1300

BET analysis of mullite_1400

BET analysis of mullite_1500

BET analysis of Na,WO,-Mn/SiO, powder

BET analysis of Na,WO,-Mn/RHA 1 500

BET analysis of Na,WO,-Mn/RHA 1 900

BET analysis of Na,WO,-Mn/RHA_3 900

BET analysis of Na;WO,-Mn/mullite_1200

BET analysis of Na;WO,-Mn/mullite_1300

BET analysis of Na;WO,-Mn/mullite_1400

BET analysis of Na,WOs-Mn/mullite_1500

An example of GC chromatogram for the catalytic activity test
of Na;WO,-Mn/mullite_1300 from WG-100 column

An example of GC chromatogram for the catalytic activity test
of Na;WQO,4-Mn/mullite_1300 from DVB-plot capillary column
Calibration curve of CO, gas from WG-100 column
Calibration curve of CO gas from WG-100 column

Calibration curve of C;H,4 gas from DVB-plot capillary column
Calibration curve of C;Hg gas from DVB-plot capillary column

Page

89
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

108

109
110
111
112
113



RHA

RH

TEOS

ANN

XRD

BET

XPS

OCM

MMO
NADH

DTA

RHA_1 500
RHA_1 900
RHA_3 900
Mullite_1200
Mullite_1300
Mullite_1400
Mullite_1500

LIST OF ABBREVIATIONS

Rice husk ash
Rice husk
Tetraethylorthosilicate

= Aluminium nitrate nonahydrate

X-ray diffraction spectroscope

Brunauer Emmett Teller method

X-ray photoelectron spectroscope

Oxidative coupling of methane

Methane monooxygenase

Nicotinamide adenine dinucleotide

Differential thermal analysis

= 1M HCl-treated RHA calcined at 500°C
= 1M HCl-treated RHA calcined at 900°C
3M HCl-treated RHA calcined at 900°C
Mullite sintered at 1200°C

Mullite sintered at 1300°C

Mullite sintered at 1400°C

Mullite sintered at 1500°C

Na;WO4-Mn/SiO, powder = Na,WO4-Mn supported on silica powder
Na,WOs;-Mn/RHA 1 500 = Na,WO4-Mn supported on 1M HClI-treated RHA

calcined at 500°C

Na;WO4-Mn/RHA 1 900 = Na,WO,4-Mn supported on 1M HClI-treated RHA

calcined at 900°C

Na,WOs;-Mn/RHA_3 900 = Na,WO4-Mn supported on 3M HClI-treated RHA

calcined at 900°C

Na;WO4-Mn/mullite_1200 = Na,WO4-Mn supported on Mullite sintered at 1200°C
Na,WOs-Mn/mullite_1300 = Na,WO4-Mn supported on Mullite sintered at 1300°C
Na,WOs-Mn/mullite_1400 = Na,WO4-Mn supported on Mullite sintered at 1400°C
Na,WOs-Mn/mullite_1500 = Na,WO,-Mn supported on Mullite sintered at 1500°C

Vi



