Contents

CONTENTS

CONTENT
Declaration
Acknowledgement
List of Publications
Abstract

Abstrak

Contents

List of Figures

List of Tables

CHAPTER 1: Introduction To The Thesis

CHAPTER 2: Literature Review

2.1  Introduction

2.2 Polymer Electrolytes

2.3 Proton Conducting Polymer Electrolytes

2.4  Models for Ionic Conduction
24.1  Arrhenius Behaviour
2.4.2  Vogel-Tamann-Fulcher (VTF) Behaviour
24.3  Activation energy (E,)

24.4  Grotthus Mechanism in Proton Conducting Polymer
Electrolyte

2.5 Chitosan

2.5.1  Chitosan Based Proton Conducting Polymer Electrolyte

Page

11

v

vi

Vil

Xii

Xix

10

11

12

14

16

vii



Contents

2.6

2.7

2.8

29

2.10

2.11

2.12

2.13

2.5.2  Application of Chitosan Based Proton Conducting Polymer

Electrolyte in Electrochemical Devices
Poly(vinyl alcohol) PVA
2.6.1 PVA Based Proton Conducting Polymer Electrolyte

2.6.2  Application of Polymer Electrolyte Based on PVA in
Electrochemical Cells

Polymer Blend

2.7.1  Polymer Electrolyte Based on Chitosan Blend
2.7.1.1  Chitosan-PVA Polymer Blend

Acetic Acid

Plasticization

2.9.1 Ethylene Carbonate (EC) as Plasticizer

Solid-State Battery

Proton (H" ion) Battery

Electric Double Layer Capacitor (EDLC)

Summary

CHAPTER 3: Experimental Method

3.1

3.2

3.3

3.4

3.5

Introduction

Sample Preparation

3.2.1 PVA-Chitosan Blend

3.2.2  PVA-Chitosan-NH4NOj; system (Salted System)

3.2.3  PVA-Chitosan-NH4NO3-EC system (Plasticized System)
Electrochemical Impedance Spectroscopy (EIS)

3.3.1 Rice and Roth Model

Fourier Transform Infrared Studies (FTIR)

X-ray Diffraction (XRD)

17

17

18

19

20

22

23

24

24

26

28

29

30

31

32

34

34

35

36

37

40

42

47

viil



Contents

3.6

3.7

3.8

3.9

Scanning Electron Microscopy (SEM)
Fabrication and Characterization of Proton Batteries
3.7.1  Preparation of Cathode and Anode
3.7.2  Proton Batteries Fabrication
3.7.3  Proton Batteries Characterization
3.7.3.1  Linear Sweep Voltammetry (LSV)
3.7.3.2  Open Circuit Voltage

3.7.3.3  Discharge and Charge Characteristics of Proton
Batteries

Fabrication and Characterization of EDLC

3.8.1  Preparations of the Electrodes

3.8.2  EDLC Fabrication

3.8.3  Charge and Discharge Characteristic of EDLC

Summary

CHAPTER 4: X-Ray Diffraction and Scanning Electron Microscopy

4.1

4.2

4.3

4.4

Analysis
Introduction
X-Ray Diffraction (XRD) Analysis
4.2.1  X-Ray Diffractogram of PV A-Chitosan Blend Film
SEM Micrographs of PVA-Chitosan Blend Film

Summary

CHAPTER 5: FTIR Studies

5.1

5.2

5.3

54

Introduction
Interactions Between PV A-Chitosan
Interactions Between Chitosan-NH4NO;

Interactions Between PVA-NH4NO;

49

51

51

52

52

52

54

54

56

56

57

57

60

61

62

62

64

68

69

70

73

78

X



Contents

5.5 Interactions Between Chitosan-EC

5.6 Interactions Between PVA-EC

5.7  Interactions Between PV A-Chitosan-EC

5.8 Interactions Between NH4sNO3-EC

5.9 Interactions Between PV A-Chitosan-NH4NO; (Salted System)

5.10 Interactions Between PV A-Chitosan-NH4NO3-EC (Plasticized
System)

5.11 Summary

CHAPTER 6: Electrochemical Impedance Studies (EIS)
6.1 Introduction
6.2  Conductivity Studies for Salted System

6.3  Dielectric Constant Analysis

6.3.1  Dielectric Constant for Salted System at Room Temperature

6.3.2  Dielectric Constant of Film Sample 60[C4P6]-40AN at
Elevated Temperatures

6.4  Temperature Dependence of Conductivity (Salted System)
6.5 The Rice and Roth Model for Salted System

6.6  Conductivity Studies for Plasticized System

6.7  Dielectric Constant for Plasticized System at Room Temperature

6.7.1 Dielectric Constant of Film Sample 30[60C4P6-40AN]-
70EC at Elevated Temperatures

6.8  Temperature Dependence of Conductivity (Plasticized System)
6.9  The Rice and Roth Model for Plasticized System

6.10 Summary

81

83

84

86

88

91

95

96

97

105

105

107

108

110

116

125

126

127

130

136




Contents

CHAPTER 7: Fabrication and Characterization of Proton Batteries
and EDLC

7.1

7.2

7.3

7.4

Introduction

Solid-State Proton Batteries

7.2.1

7.2.2

7.2.3

7.2.4

Electrochemical Window Stability

Battery Chemistry

Primary Proton Battery Characterization

7.2.3.1

7.2.3.2

7.2.3.3

Open Circuit Potential (OCP) Studies for Primary
Proton Batteries

Discharge Characteristics of Primary Proton
Batteries

Voltage-Current-Power Characteristics of
Primary Proton Batteries

Secondary Proton Battery (Rechargeable Proton Battery)

7.2.4.1

7.2.4.2

7243

Open Circuit Potential (OCP) Studies for
Secondary Proton Battery

Discharge-Charge Characteristics for Secondary
Proton Battery

Discharge Capacity for Secondary Proton Battery

Electric Double Layer Capacitor (EDLC)

7.3.1

Charge and Discharge Characteristics of EDLC

7.3.2  Discharge Capacitance of EDLC

Summary

CHAPTER 8: Discussion

CHAPTER 9: Conclusions and Suggestion for Further Work

References

137

137

138

139

139

139

140

142

143

143

144

146

148

148

150

152

153

160

164

xi



