CONTENTS Page No.

LIST OF FIGURES. ....uiiiiiiiiiiiiiiiiiiiiiiiitiitntietiettesnssnsssssssssosssnssnsssssssssns Xxiii
LIST OF TABLES. ...cuiiiiiiiiiiiiiiiiiiiiiietititiiiatieenttatsetsessessesasssseasnens XXiX
LIST OF SYMBOLS & ABBREVIATIONS.....ciitiiiiiiiiiiiiiiiiiiiiiiiieicainennass XXXi
PREFACE....c.iuiiiiiiiiiiiiiiieiiitireiteiteeeteeetetssnsansenssssasssssessnsssssnssnsassnnses Xxxiii
Chapter 1: Introduction and literature review.........ccccovveiiiiiiiiiiiieiiiniiiiinneciennn 1
1.1 ENergy reqUITEMENL. .. ..ottt ettt ettt ettt e e e et e e et e et e e e e e er e e e aeenaeens 1
1.2 Benefits of Stored @Nergy.......o.eenuiuii it 2
1.3 Motivation (Electrical energy storage and consumptions) ............cceeeeveieniininennnn.. 3
1.4 Foundation. ... ... e 7
1.5 What 1S PETOVSKILE?.....c.eiiiiiiieiieitieieeiiee ettt sttt et 8
1.5.1 The historical background of Perovskite...............ccooiiiiiiiiiiiiiiiii 8
1.5.2 Distorted Perovskite Structure...........oouviiiiiiiiiiii e 10
1.5.3 Applications of Perovskite OXides.........ooueiiiiiiiiiiiiiiiiiiic e, 11
1.6 Electro Ceramic MaterialS. .. .......oouiieiini i 12
1.7 Composite ceramic material...........ooviiiiiiitiiii e e 14
1.7.1 Characteristics of Ceramic COMPOSITES. ... .vuueutertitietteteitieiterieaneeneenreennn. 14
1.7.2 Types of composite Ceramic materialS..........c.oouiviiiiiiiiiiiiiiieiinne e, 15
1.7.3 Applications of COMPOSItE CETAMICS. .. .evuutnrtrntenterteee ettt eeeeneaieeaeeenans 15
B 0210 L0 ) 16
1.9 Dielectric Materials. ... ....oouii it e 17
L O o) 25 U ) o 18
1.10.1 Electronics Polarization.............o.oiiiiiiiiii i 20
1.10.2 IoNiC POLATIZAtION. ... e vttt ettt ettt et 21
1.10.3 Orientation PolariZation............couiiuiitiiii ettt i ereeanerineness 22
1.10.4 Space Charge Polarization...........o.vvuiiiiiiiit i eeee e ee e 22
1.11 Ferroelectric MaterialS. .........iuuiniiii e 23
1.11.1 Origin of FerroelectriCity. . .. ..o.viuiiuiii i e 25



1.11.2 Saturation Polarization. ........oooeiiiiiorroi 26

1.11.3 Remnant Polarization................oooiiiiiiii e 27
1.12 Electrical ENergy StOTage.........ovueeuiieiiie ittt e e e e e eaeane 27
1.13 Photoluminescence materialS. ... ........oueveirtitirtit it 29

1.13.1 Intrinsic and Extrinsic luminescent materials..................cociiiiiiiiieni.. 30
1.14 Properties of Lithium Niobate...........oooiiuiiiiiiiiii e e 32

1.14.1 General Structure of Lithium Niobate.............c.cooiiiiiiiiiiiiiiie 32

1.14.2 Literature Survey related to LiINbO3z materials.............coooviiviiiiiiiiiinn.. 33
1.15 Objectives of the Present Worki..........oooiiiiiii i, 49
1.16 Scope of this ThesSIS. ....viuiit i e e 52
RETTOICES. .. .ot 53
Chapter 2: Experimental and Characterization techniques..........ccccoeviviininnnnn.e. 61
2.0 INIrOAUCTION. .« e ettt e e e e, 100,01
2.2 List of Precursor/Chemical ............oouiiiiiiiii e, 62

2.3 Synthesis of MaterialS. ... ...o.viiuiiii et se95,03
2.3.1 Solid state reaction method via High energy ball mill (Mechanochemical process)..63

2.3.2 Calcination PrOCESS. .. .. ueut ettt e e 65
2.3.3 Pellets formation (Pressing) and Sintering of Samples.............cooevviiiiiiiiiinne. 65
2.3.4 Schematic diagram for the Synthesis and Sintering of materials....................... 67
2.4 Characterization Techniques..........couiiiii i 67
2.4.1 Powder X-ray diffraction (XRD) .....ccoiiiiiiiiiiii e 68
2.4.2 X-ray photoelectron spectroscopy (XPS) ....oviiriiiiiiiiii e 70

2.4.3 Scanning Electron MICrOSCOPY ... cuveutirtintitiitiniiiniintiinieeeieneeeenieeeeeeeneens 12

2.4.4 Ultra Violet- Visible SPeCtrOSCOPY ... vuuuinntinteattiteitieeieeeeiteeteeneireeieenaens 73
2.4.5 Fourier transform infrared SPeCtroSCOPY ....vvevtirtiirieiiiiiiiieieeieeneeereeneennn 76
2.4.6 Electric and Dielectric Measurement..............ovueveiiiiiniiiiiiiineieneeeenannen 78
2.4.7 Polarization-Electric field hysteresis loop characterization.............................. 79

2.4.8 Photoluminescence SPeCtrOSCOPY .. .euueureurenerrineeneeneeneriirinienenreeneereeneeneeneens 80

2.4.9 Thermogravimetric analyzer..........c..coccviiiiiiiiiiiiiiiiiiinineneneeeneeenn 81

XViii



2.5 CONCIUSION. . . e ettt e e e 83

Chapter 3: Enhanced Dielectrics, Ferroelectric and Optical Properties of Lithium

Niobate for High Temperature Applications Using Potassium Oxide (K20) Additive...85

3.1 INErOAUCTION. ...ttt ettt D
3.2 EXPErimental.........ooviuiieiiiiii ittt 88
3.3 CharacteriZationS. .. ...ouviueiet ittt ettt ettt e s OO
3.4 Results and diSCUSSION. ......o.iiiiniiiiiti it seeeee e sneesneeneene D0
3.4.1 Crystal structure analySiS........coueeriiitiiiiitii et e e e aeaenss 90
3.4.2 Morphological analysis..........ccoouiiiiiiiiiiiiii e 94
3.4.3 X-ray Photoelectron Spectroscopy Study.........ccooeviniiiiiiiiiiiiiiiiiieaeaes 99
3.4.4 Fourier Transform Infrared SpectroSCOPY....c.vivrieiriiriiitiiiiieie e eiiie e eeeeeinans 102
3.4.5 Thermogravimetric analysiS........c.coivvieiiieieniiirieniniieiiesieeieeneesseeeneeneneens 103
3.4.6 Optical Properties and band gap analysis...........ccoeviiiiiiiiiiiiiiiiiiiiineiieee, 105
3.4.7 Photoluminescence properties.........ooevereenierennriimiienieeiieeeieeneeseessveeneennnenn 107
3.4.8 Dielectrics analysiS.......oveiiiiiiiiiieiriiiiiiienieeieenieeeeeesveesneesveeesseessnessneenseeeess 109
3.4.9 Polarization electric field analysis..........ccooviiiiiiii i e 112
3.5 CONCIUSIONS. ...ttt et et ettt ettt ettt et e bt et esseeeeeeeeaeas 116

R T OIICES . ..ot e eeeeeeeneeeneneeeeeeeeeneeenene 1 1T

Chapter 4: Electrical and Optical Properties of Environmental Friendly Lig-
»Smy3NbO3 Ceramics for High Temperature Energy Storage Applications............ 123

A1 TNEOAUCTION. .. ettt et e e et e et 123
4.2 EXPEIIMENTAL. ...\ttt ittt ittt ettt et e et eetbeesbaessseesseensaeenseensaenens 125
4.3 CharacteriZations. . .......evuuintiiitie et eiiereeree e siee e eteesieeseeeeeesneeebeessnesnneenseesnnees 1 20
4.4 Result and DiSCUSSION. .....euuiiniitiiiiit ittt et see e see e esieesneeveeneeeeene L 2]
4.4.1 Structural ANalySiS.......ooviiriiiiiiniit ittt eeeesneeneeneesnneeneennnes 1 27
4.4.2 Morphological Study........coeviuiiiiiiiiiieeeeeeeeeee et eeeeeeees 1 32
4.4.3 X-ray Photoelectron Spectroscopy AnalysiS.......covvvviiiiiiiiiiiiiiineineennennn. 136

Xix



4.4.4 Fourier Transform Infrared Spectroscopy Analysis...........cccoiviviiniininnnann.n. 139

4.4.5 Thermogravimetric analySiS..........euuirierie ittt et eite e eeieaeaaeas 140
4.4.6 UV-Vis SpectroScopy ANalysiS......ccuueuiiiriiiiiiii it 142
4.4.7 Photoluminescence ANalysiS. ........oouiruiiuiiiiitiieait i eeaeaanaas 144
4.4.8 Dielectric ANAlYSIS. .. ..uiuuieiit it it 148
4.4.9 Polarization and electric field characteristics Analysis..............cooeevviiiininnnn... 151
4.5 CONCIUSIONS. ..ttt ettt ettt ettt et e sbe b sae e e eieens 154

R O EIICES. oo ettt e e annanaaaneannennenneneenens 1 35

Chapter 5: Investigation of Multifaceted Properties for Environment friendly (1-

X)LiNbO3-x(Lio.sDyo.5) TiO3 Solid Solution........cccceviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinen. 161

5.1 INEEOAUCTION. . . v e TG

5.2 EXPerimental.........oiiiiitiitiiiiiiieee ettt ettt ae et e e beebe et e eabaeseeenaeennaen 163
5.3 Results and diSCUSSION. ....uuiutieiiiiite et et e esiee e iee e eieesieeseeeeeee LOD
5.3.1Crystal Structure analysiS.........o.eiuiiriitiiiiiie e 165
5.3.2 Morphological analysis..........c.oiuiiriiiiiiii i 168
5.3.3 Thermogravimetric analysiS.........ocevuiiuiiinii i 171

5.3.4 X-ray Photoelectron Spectroscopy Study.........coovvvviiiiiiiiiiniiniienienieeieennen 1 72
5.3.5 Fourier transform infrared spectroscopy spectra (FTIR) analysis.................... 174
5.3.6 UV-Vis Spectroscopy ANalysiS........cevveiriiniiiiniiiiiienienieeiiesieeieeieeseeeeeennee. 1 10
5.3.7 Photoluminescence Spectroscopy Analysis...........ouvvveiniiiiiniennieenieeecieeneenenea 1 78
5.3.8 Dielectric analysiS......o.vveiiiiiriiiiiiieie et eree e sneesseesneeseeseneeens L8
5.3.9 Polarization-Electric field analysis..........ccooiviiiiiiiiiiii e 184
54 CONCIUSIONS. .. ..e ettt ettt ettt ettt st ee e teesteeneesnnesnseenneeens | OO

NS (5145 1 (0 = U 188

Chapter 6: Conclusion and Future SCOPe.........ccccuiiiuiiiinnninnnnnnnnsencsssensssnsssssssssnnesss 193

6.1 Summary of the present Work............c.oiiiii i 193
6.2 Future Scope of this research Worki..........cccoooiiiiiiiiiiiieieec e 196

XX



List of Publications (Research Articles) ........c.oviiiiiiiiiiiii e
List of Publications (Book Chapters) .........c.oouiiiiiiiiiiiiiiiieieeeeeeee e
List of Attended Conference/Seminar/Workshop............c.ooiiiiiiii i,

XXi



