
Contents

Certificate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii

Anti-Plagiarism Certificate . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

Declaration of Authorship . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Acknowledgement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

List of Tables xi

List of Figures xiii

1 INTRODUCTION 1

1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.3 Objectives of the work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.4 Scope of the work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.5 Research findings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.6 Research methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.7 Thesis layout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 LITERATURE REVIEW 8

viii



2.1 Composite Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.2 Classification of composite materials . . . . . . . . . . . . . . . . . . . . . . 9

2.2.1 Based on matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.2.2 Based on reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.2.3 The rule of mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.2.4 Other types of composite materials . . . . . . . . . . . . . . . . . . . . 17

2.3 Manufacturing of the composite materials . . . . . . . . . . . . . . . . . . . 18

2.3.1 Solid state process (Powder metallurgy route) . . . . . . . . . . . . . . 20

2.3.2 Liquid state process . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.4 Aluminium Matrix Composites (AMCs) . . . . . . . . . . . . . . . . . . . . 38

2.4.1 About Aluminium . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

2.4.2 Reinforcement used to make AMCs . . . . . . . . . . . . . . . . . . . 52

2.4.3 Ex-situ method: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

2.4.4 In-situ method: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

2.5 Application of composites . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

2.6 Literature review of technical papers . . . . . . . . . . . . . . . . . . . . . 59

3 EXPERIMENTALWORK 70

3.1 Experimental set up and its description . . . . . . . . . . . . . . . . . . . . 72

3.1.1 Electrical resistance Al melting furnace: . . . . . . . . . . . . . . . . . 72

3.2 Experimental Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

3.2.1 Phase I: Optimization of Magnesium content in CPA . . . . . . . . . . 76

3.2.2 Phase II: Effect of variation ofMnO2 content by changing its addition
sequence into CPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

ix



3.2.3 Phase III: Effect of variation ofMnO2 by changing its addition sequence
along with optimised magnesium metal from phase I into CPA . . . . . 83

3.3 Characterisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

3.3.1 Density Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . 87

3.3.2 Tensile test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

3.3.3 Hardness test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

3.3.4 Microstructure Observation . . . . . . . . . . . . . . . . . . . . . . . 91

3.3.5 XRD Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

4 RESULTS AND DISCUSSION 93

4.1 Raw materials analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

4.2 Composite materials analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 96

4.2.1 Phase I: Effect of weight percentage of magnesium in CPA . . . . . . . 96

4.2.2 Phase II: Effect of variation ofMnO2 by changing its addition sequence
in CPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

4.2.3 Phase III: Effect of variation inMnO2 by changing its addition sequence
along with the optimised magnesium from phase I study. . . . . . . . . 117

5 CONCLUSION 132

6 FUTURE SCOPE OF THEWORK 135

7 PAPER PUBLICATIONS 137

Bibliography 141

x


	Certificate
	Anti-Plagiarism Certificate
	Declaration of Authorship
	Acknowledgement
	Abstract
	List of Tables
	List of Figures
	INTRODUCTION
	Background
	Problem Formulation
	Objectives of the work
	Scope of the work
	Research findings
	Research methodology
	Thesis layout

	LITERATURE REVIEW
	Composite Material
	Classification of composite materials
	Based on matrix
	Based on reinforcement
	The rule of mixture
	Other types of composite materials

	Manufacturing of the composite materials
	Solid state process (Powder metallurgy route)
	Liquid state process

	Aluminium Matrix Composites (AMCs)
	About Aluminium
	Reinforcement used to make AMCs
	Ex-situ method:
	In-situ method:

	Application of composites
	Literature review of technical papers

	EXPERIMENTAL WORK
	Experimental set up and its description
	Electrical resistance Al melting furnace:

	Experimental Procedure
	Phase I: Optimization of Magnesium content in CPA
	Phase II: Effect of variation of MnO2 content by changing its addition sequence into CPA
	Phase III: Effect of variation of MnO2 by changing its addition sequence along with optimised magnesium metal from phase I into CPA

	Characterisation
	Density Measurement
	Tensile test
	Hardness test
	Microstructure Observation
	XRD Analysis


	RESULTS AND DISCUSSION
	Raw materials analysis
	Composite materials analysis
	Phase I: Effect of weight percentage of magnesium in CPA
	Phase II: Effect of variation of MnO2 by changing its addition sequence in CPA
	Phase III: Effect of variation in MnO2 by changing its addition sequence along with the optimised magnesium from phase I study.


	CONCLUSION
	FUTURE SCOPE OF THE WORK
	PAPER PUBLICATIONS
	Bibliography

