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ABSTRACT 

T1-AI2O3 is one of the metastable phases of aluminum oxide and known to be a very 
important support material for heterogeneous catalysts used extensively in the 
chemical industry. This phase is not easy to obtain. In this research, the r|-phase is 
synthesized using a novel method, the self-propagating combustion (SPC) and the 
properties of r|-Al203 and doped T1-AI2O3 nanostructured materials were investigated. 
The synthesis parameters are optimized to obtain pure and single phase T1-AI2O3, t\-
Al1.9Feo.1O3 and r1-Al1.9Nio.1O3 nanomaterials. Materials characteristics inclusive of 
thermal behaviour, phase, stoichiometry structure, morphology and crystallite size 
were studied. Results showed that the substitution of Al with other metals (Ni, Fe) 
without changing the crystal structure affects the characteristics of material as well as 
their band energies.In this study, the effect of temperature on the phase formation of 
T1-AI2O3, r1-Al1.9Feo.1O3 and r|-Ali 9Nio.i03 were investigated. It was found that the 
annealing temperature has to be optimized to obtain pure r|-phase. Pure and single 
phase T1-AI2O3, Ti-Al1.9Feo.1O3 and r1-Al1.9Nio.1O3 were successfully obtained by 
annealing for 24 hours at 700 °C to 850 °C, 700 °C to 800 °C, 700 °C to 900 °C, 
respectively. The band gap energies for 11-AI2O3, r1-Al1.9Feo.1O3 and r1-Al1.9Nio.1O3 
nanomaterials are between 6.29 to 6.55 eV, 3.26 to 3.19 eV and 5.6 to 5.96, 
respectively Introduction of Fe3+ and Ni3+ ion in the T1-AI2O3 material can narrow the 
band gap of the material. Thus, substitution of Fe3+ ions in the crystal lattice can result 
in the transformation of aluminium oxide material from insulator to semiconductor 
materials. 

IV 

http://Al1.9Feo.1O3
http://r1-Al1.9Nio.1O3
http://r1-Al1.9Feo.1O3
http://Ti-Al1.9Feo.1O3
http://r1-Al1.9Nio.1O3
http://r1-Al1.9Feo.1O3
http://r1-Al1.9Nio.1O3


TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES x 

LIST OF FIGURES xi 

LIST OF ABBREVIATIONS xvii 

CHAPTER ONE: INTRODUCTION 

1.1 Background of Study 1 

1.2 Problem Statement 3 

1.3 Significance of Study 4 

1.4 Objective of Study 4 

1.5 Scope of Study 4 

CHAPTER TWO: LITERATURE REVIEW 

2.1 Materials Science 6 

2.2 Nanomaterials and Nanotechnology 7 

2.3 Doping 8 

2.4 Aluminium Oxide 9 

2.4.1 Eta-Aluminium Oxide (n-Al203) 10 

2.4.2 Gamma-Aluminium Oxide (Y-AI2O3) 11 

2.4.3 Alpha-Aluminium Oxide (a- AI2O3) 11 

2.4.4 Doped Aluminium Oxide 12 

2.4.4.1 Cr Doped AI2O3 12 

2.4.4.2 Co Doped AI2O3 13 

VI 


	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER ONE: INTRODUCTION
	1.1 BACKGROUND OF STUDY
	1.2 PROBLEM STATEMENT
	1.3 SIGNIFICANCE OF STUDY
	1.4 OBJECTIVES OF STUDY
	1.5 SCOPE OF STUDY

	CHAPTER TWO: LITERATURE REVIEW
	2.1 MATERIALS SCIENCE
	2.2 NANOMATERIALS AND NANOTECHNOLOGY
	2.3 DOPING
	2.4 ALUMINIUM OXIDE
	2.4.1 Eta-AluminiumOxide (H-AI2O3)
	2.4.2 Gamma-Aluminium Oxide (Y-AI2O3)
	2.4.3 Alpha-Aluminium Oxide (C1-AI2O3)
	2.4.4 Doped Aluminium Oxide
	2.4.4.1 Cr Doped AI2O3
	2.4.4.2 Co Doped Al203

	2.4.5 Novel n-Al2-xNix03 and ti-Al2-xFex03

	2.5 SYNTHESIS METHOD OF ALUMINIUM OXIDE
	2.5.1 Solid-State Reaction Method
	2.5.2 Sol-Gel Method
	2.5.3 Hydrothermal Synthesis
	2.5.4 Microemulsion Technique
	2.5.5 Self-Propagating Combustion (SPC) Method

	2.6 CHARACTERIZATION OF ALUMINIUM OXIDE
	2.6.1 Thermal Studies
	2.6.2 Phase Studies
	2.6.3 Morphological Studies
	2.6.4 Band Gap Studies

	2.7 SUMMARY OF LITERATURE REVIEW

	CHAPTER THREE: RESEARCH METHODOLOGY
	3.1 SYNTHESIS METHOD
	3.2 INSTRUMENT FOR MATERIALS CHARACTERIZATION
	3.2.1 Thermogravmetric Analysis and Differential Scanning Calorimetry (TGA-DSC)
	3.2.2 X-Ray Diffraction (XRD)
	3.2.3 Field Emission Scanning Electron Microscopy (FESEM)
	3.2.4 Energy Dispersive X-Ray Analysis (EDX)
	3.2.5 High Resolution Transmission Electron Microscope (HRTEM)
	3.2.6 UV-Visible NIR Spectroscopy (UV-Vis NIR)


	CHAPTER FOUR: RESULTS AND DISCUSSIONS
	4.1 SIMULTANEOUS THERMOGRAVIMETRIC ANALYSIS (STA)
	4.1.1 Thermal Analysis of AI2O3
	4.1.2 Thermal Analysis of Al1.9Feo.1O3
	4.1.3 Thermal Analysis of Al1.9Nio.1O3

	4.2 X-RAY DIFFRACTION (XRD)
	4.2.1 XRD Results for A1203
	4.2.2 XRD Results for Al,.9Feo.i03
	4.2.3 XRD Results for Al1.9Nio.1O3

	4.3 FIELD EMISSION SECONDARY ELECTRON MICROSCOPY (FESEM)
	4.3.1 FESEM Results for n-Al203
	4.3.2 FESEM Results for 11-Al1.9Feo.1O3
	4.3.3 FESEM Results for 11-Al1.9Nio.1O3

	4.4 Energy Dispersive X-Ray (EDX)
	4.4.1 EDX Results for n-Al1.9Feo.1O3
	4.4.2 EDX Results for n-Al1.9Nio.1O3

	4.5 HIGH RESOLUTION TRANSMITTANCE ELECTRON MICROSCOPY (HRTEM)
	4.5.1 HRTEM Results for f|-Al203
	4.5.2 HRTEM Results for 1j-Al1.9Feo.1O3
	4.5.3 HRTEM Results for n-Al1.9Nio.1O3

	4.6 BAND GAP STUDIES VIA UV-VIS SPECTROSCOPY
	4.6.1 Band Gap Studies for H-AI2O3
	4.6.2 Band Gap Studies for n-Al1.9Feo.1O3
	4.6.3 Band Gap Studies for 11-Al1.9Nio.1O3


	CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
	5.1 CONCLUSIONS
	5.2 RECOMMENDATIONS FOR FUTURE WORK

	REFERENCES
	AUTHOR'S PROFILE



