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ABSTRACT

Solid polymer electrolytes comprise of epoxidized natural rubber (ENR) and methyl- 
grafted natural rubber (MG) as polymer hosts added with LiC104 were prepared by 
solution casting technique. Glass transition temperature (7g) obtained by using 
differential scanning calorimetry (DSC) and the ionic conductivity evaluated from 
bulk resistance (7?b) determined using the impedance spectroscopy point towards the 
higher solubility of the lithium salt in MG rubber. Moreover, two Tss are observed for 
the MG-salt electrolyte system whereas only one Tg is obtained for the ENR-salt 
system at all salt concentrations. The carboxyl group of the MG is found to have a 
better solvation capability than the oxirane group o f ENR. Ionic conductivities (cr) and 
dielectric constants (s') are observed to increase with ascending salt content. The 
dependency of ef on salt concentration is more pronounced at low frequencies from 50 
to approximately 1.0 x 104 Hz. A power law dependence of ionic conductivity on salt 
concentration is also observed in which the lower charge carrier mobility in ENR as 
compared to MG is in good agreement with its lower conductivity. The higher 
dissolution of lithium salt in MG as compared to ENR is also evident in spectroscopic 
results by FTIR.



TABLE OF CONTENTS

Page

AUTHOR’S DECLARATION ii

ABSTRACT iii

ACKNOWLEDGEMENTS iv

TABLE OF CONTENTS V

LIST OF TABLES v ii

LIST OF FIGURES v ii i

LIST OF SYMBOLS X

LIST OF ABBREVIATIONS x ii

CHAPTER ONE: INTRODUCTION

1.1 Background of the Research 1

1.2 Problem Statement 3

1.3 Significance of Study 4

1.4 Objectives of Study 4

1.5 Scope o f Study 5

CHAPTER TWO: LITERATURE REVIEW

2.1 Polymer 6

2.1.1 Polymer-salt Complex 8

2.1.2 Elastomer-salt System 11

2.1.3 Polymer Blends-Salt System 16

CHAPTER THREE: METHODOLOGY

3.1 Sample Preparations 19

3.1.1 Purification of Modified Natural Rubber (MNR) 19

3.1.2 Preparation of MNR/LiC104 Film 19

3.2 Gel Permeation Chromatography (GPC) 21

3.3 Nuclear Magnetic Resonance (NMR) 21

3.4 Grafting Efficiency of the MG Rubber 22

v



3.5 Thermogravimetric Analyzer (TGA) 23

3.6 Differential Scanning Calorimeter (DSC) 23

3.7 Impedance Spectroscopy (IS) 24

3.8 Fourier Transform Infrared (FTIR) 24

3.9 Dynamic Mechanical Analyzer (DMA) 25

CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Characteristics o f Modified Natural Rubber 26

4.2 Determination of the Molar Masses of the Rubber Samples 26

4.3 Calculation of Mol % o f Epoxy and PMMA Content in MNR 30

4.4 Grafting Efficiency o f MG-Rubber 32

4.5 Glass Transition Temperature 33

4.6 Conductivity 36

4.6.1 Ionic Conductivity 36

4.6.2 Power Law Dependence of Conductivity on Salt Content 39

4.6.2.1 Introduction 39

4.6.3 Dielectric Function 44

4.7 FTIR 47

4.8 Dynamic Mechanical Analysis 55

CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion 59

5.2 Recommendations 60

REFERENCES 61

APPENDICES 68

vi


	MODIFIED NATURAL RUBBER SOLID POLYMER ELECTROLYTES
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 BACKGROUND OF THE RESEARCH
	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 POLYMER
	2.1.1 Polymer-Salt Complex
	2.1.2 Elastomer-salt system
	2.1.3 Polymer Blends-Salt System


	CHAPTER THREE METHODOLOGY
	3.1 SAMPLE PREPARATIONS
	3.1.1 Purification of Modified Natural Rubber (MNR)
	3.1.2 Preparation of MNR/LiC1O₄ Film

	3.2 GEL PERMEATION CHROMATOGRAPHY (GPC)
	3.3 NUCLEAR MAGNETIC RESONANCE (NMR)
	3.4 GRAFTING EFFICIENCY OF THE MG RUBBER
	3.5 THERMOGRAVIMETRIC ANALYZER (TGA)
	3.6 DIFFERENTIAL SCANNING CALORIMETER (DSC)
	3.7 IMPEDANCE SPECTROSCOPY (IS)
	3.8 FOURIER TRANSFORM INFRARED (FTIR)
	3.9 DYNAMIC MECHANICAL ANALYZER (DMA)

	CHAPTER FOUR RESULTS AND DISCUSSION
	4.1 CHARACTERISTICS OF MODIFIED NATURAL RUBBER
	4.2 DETERMINATION OF THE MOLAR MASSES OF THE RUBBERSAMPLES
	4.3 CALCULATION OF MOL % OF EPOXY AND PMMA CONTENT INMNR
	4.4 GRAFTING EFFICIENCY OF MG-RUBBER
	4.5 GLASS TRANSITION TEMPERATURE
	4.6 CONDUCTIVITY
	4.6.1 Ionic Conductivity
	4.6.2 Power Law Dependence of Conductivity on Salt Content
	4.6.3 Dielectric Function

	4.7 FTIR
	4.8 DYNAMIC MECHANICAL ANALYSIS

	CHAPTER FIVE CONCLUSION AND RECOMMENDATIONS
	5.1 CONCLUSIONS
	5.2 RECOMMENDATIONS

	REFERENCES
	APPENDICES



