Table of Contents

Page No.
List of Figures I
List of Tables VI
List of Abbreviations Vil
Preface IX
Chapter-1: Introduction and Literature Survey 1-21
1.1 Fossil fuel, Environment and Energy Security 3
1.1.1 Global warming and energy security 3
1.1.1.1 General Background 3
1.1.1.2 Global Warming and Climate Change 4
1.1.1.3 Energy Security 5
1.2 Renewable Energy Potential and Applicability 6
1.2.1 Renewable energy and its challenges 6
1.2.2 Coupling renewable energy with energy storage 6
system
1.2.3 Classification of energy storage 7
1.2.3.1 Grid Energy Storage 8
1.2.3.2 Portable Electronic Energy Storage 8
1.2.3.3 Electric Vehicles 8
1.3 Energy Storage: Rechargeable Battery 9
131 Historical Background 9
1.3.2 Introduction and challenges of Li-ion Battery 10
1.34 Na-ion Battery as an alternative to Li-ion Battery 10
14 Sodium-ion Battery 11
1.4.1 Introduction 11
1.4.2 Literature review 12
1.4.3 Challenges with conventional Na-ion battery 16
1.5 Polyanionic Cathode for Na-ion Battery 18
151 Introduction 18
152 Phosphate 18
1.5.3 NASICON 19
1.6 Material Optimization and Design 19
1.7 Target of Na-ion Battery 21
Chapter-2: Methodology and Instrumentation 23-45
2.1 Materials Synthesis and Cell Fabrication 25
2.1.1 Synthesis Methodology 25
2.1.1.1 Coprecipitation Technique 26
2.1.2 Cell Fabrication 27
2.1.2.1 Slurry Preparation 27
2.1.2.2 Slurry Coating 28
2.1.2.3 Electrode Pressing 28




213 Cell Assembling 29
2.2 Physical and Electrochemical Characterization 30
2.2.1 Physical Characterization 31
2.2.1.1 X-Ray Diffraction 31
2.2.1.2 Fourier Transform Infrared (FTIR) spectroscopy 34
2.2.1.3 X-ray Photoelectron Spectroscopy (XPS) 35
2.2.1.4 UV-Visible spectroscopy 36
2.2.1.5 Scanning Electron Microscopy (SEM) 38
2.2.1.6 Thermogravimetric Analysis (TGA) 40
2.2.2 Electrochemical Characterization 41
2.2.2.1 Cyclic Voltammetry (CV) 41
2.2.2.2 Galvanostatic Charge-Discharge (GCD) 42
2.2.2.3 Galvanostatic Intermittent Titration Technique 44
(GITT)
2.2.2.4 Electrochemical Impedance Spectroscopy (EIS) 44
Chapter-3: NASICON structured NasFe2(SO4)2POa4 as cathode for 47-61
rechargeable Na-ion batteries
3.1 Introduction 49
3.2 Experimental Section 51
3.3 Cell Assembling 52
3.4 Results and Discussions 53
3.5 Concluding Remark 60
Chapter-4: Effect of Transition Metal ion (Ni%*, Mn?*, Mg?*) doping 63-71
in NasFe2(S04)2P04
4.1 Introduction 65
4.2 Experimental Section 66
4.3 Cell Assembling 67
4.4 Results and Discussions 68
4.5 Concluding Remark 70
Chapter-5: NaCr(SOa) as a Potential Anode for Rechargeable Na 73-97
and Li-ion Batteries
5.1 Introduction 75
5.2 Experimental Section 76
53 Cell Assembling 78
54 Result and Discussions 79
55 Concluding Remark 96
Chapter-6: (M002)2P207 as a Potential Cathode for Rechargeable 99-124
Sodium-ion Batteries
6.1 Introduction 101
6.2 Experimental Section 102
6.3 Cell Assembling 104
6.4 Results and Discussion 105
6.5 Concluding remark 123




Chapter 7: Conclusions and Suggestions for Future Work 125-129
Battery Terminology 131-136
References 137-160
Publications 161-163

Conferences and Seminars

165-167




