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Abstract 

Leadbased piezoelectric materials have been used in various commercial hightech 

applications such as sensors, actuators and ultrasonic transducers. According to European 

environmental legislation, leadwith high toxity brings harmfuleffects on the environment 

and human. Recently, in order to replace lead‒based piezoelectric materials, lead‒free 

ones were strongly developed. Several kinds of lead‒free piezoceramics have been 

extensively investigated, such as BaTiO3‒based, (Bi1/2Na1/2)TiO3‒based and 

(K0.5Na0.5)NbO3‒based (KNN) materials. Among them, KNN and its compounds have 

been considered as one of promising candidates because of their excellent dielectric and 

piezoelectric properties. The unique advantages of KNN ceramics such as a high Curie 

temperature (TC ≈ 420oC) and a high piezoelectricity, represents a promising candidate 

for replacement of lead‒based materials. From that, many studies focused on addition, 

substitution, modification chemical elements to improve the properties for KNN‒based 

materials defined the concept of polymorphic phase transition (PPT) at room temperature, 

and morphotropic phase boundary (MPB). The PPT compositions in KNNbased 

materials have improved the piezoelectric properties; however, remain the temperature 

sensitive problem since the phase boundary corresponding to R−O or O−T possesses the 

PPT characteristic depending on not only the compositions but also the temperatures. To 

prevent this problem, many studies paid their attentions on MPB. The MPB is the nearly 

vertical phase boundary separating rhombohedral (R), tetragonal (T), and/or monoclinic 

(M) ferroelectric phases and nearly temperature independent. There are many studies for 

MPB, mentioned about the improvement in piezoelectric properties and the temperature 

stability of d33. However, the explanation for these behaviors still remains a challenge. 

Recently, some studies suggested ferroelectric−relaxor phase boundary with the crystal 

structure transit from non cubic phase (orthorhombic or tetragonal) to pseudocubic (PC) 

phase. Though the enhancement of piezoelectric constant and/or electromechanical strain 

Demo Version - Select.Pdf SDK



 

iv 

can be observed, the temperature stability of piezoelectric properties was not considered.  

In order to saperate and maintain the phase in materials, the composite method was 

mentioned in this work, by mixing the calcined powders of two phase components. For 

tetragonal phase stabilization, SrTiO3 is a promising candidate which can improve not 

only the sinterability but also piezoelectric properties of KNN ceramics. Tetragonal phase 

was stabilized and maintained good properties for the modification content of 0.06 mol. 

Such high amount of SrTiO3 causes the higher sintering temperature and significantly 

reduces TC. Then Li+ was doped into KNN‒4ST to solve problems. On the other hand, we 

found the stabilized PC phase with relaxor features in BaZrO3‒modified KNN ceramics. 

Finally, the ferroelectric/relaxor piezocomposites were compounded by T‒phase 

KNN‒4ST‒4Li and PC‒phase KNN‒8BZ in different T‒phase fraction f. The phase 

boundary was found at the composites of 70 mol% of T phase and 30 mol% of PC phase 

with the enhanced piezoelectric constant d33 and coupling factor kp values of 210 pC/N 

and 34%, respectively. Besides, the enhanced strain properties at f = 0.7 composites are 

related with the coexistence of ferroelectric domain, tetragonal micro domains and pola 

nanoregions, which originates from the relatively contribution of the ferroelectric and 

relaxor components in composites. Moreover, the low variation ( 10%) of d33 in the 

temperature range of 25oC –225o performs good temperature stalility of the piezoelectric 

constant, corresponding with phase transition in temperature dependent XRD patterns. 

Demo Version - Select.Pdf SDK



 

v 

Table of contents 

Acknowledgements ............................................................................................................ ii 

Abstract .............................................................................................................................iii 

Table of contents ................................................................................................................ v 

List of Figures .................................................................................................................viii 

List of Tables ...................................................................................................................xiii 

Chapter 1: Introduction .................................................................................................... 1 

1.1. Back ground ................................................................................................................ 1 

1.2. Aim and scope of research ......................................................................................... 2 

1.3. Outline of the thesis .................................................................................................... 3 

Chapter 2: Theory and literature review ........................................................................ 5 

2.1. Basics of ferroelectrics ................................................................................................ 5 

2.1.1. Crystal symmetry ............................................................................................... 5 

2.1.2. Dielectrics........................................................................................................... 6 

2.1.3. Piezoelectrics ...................................................................................................... 7 

2.1.4. Ferroelectrics ...................................................................................................... 9 

2.1.5. Perovskite structure .......................................................................................... 12 

2.2. Status of piezoelectric materials .............................................................................. 13 

2.2.1. Lead–based piezoelectric materials .................................................................. 13 

2.2.2. Lead–free piezoelectric materials ..................................................................... 19 

2.2.3. Phase boundaries in KNN‒based materials ..................................................... 26 

2.2.4. Relaxor ferroelectricity in KNN‒based materials ............................................ 28 

Chapter 3: Experimental procedure and characterization ......................................... 31 

3.1. Materials synthesis ................................................................................................... 31 

3.1.1. Powders processing .......................................................................................... 31 

3.1.2. Ceramics processing ......................................................................................... 33 

Demo Version - Select.Pdf SDK



 

vi 

3.1.3. Composites processing ..................................................................................... 34 

3.2. Characterization ....................................................................................................... 34 

3.2.1. Density measurement ....................................................................................... 34 

3.2.2. X–ray diffraction analysis ................................................................................ 35 

3.2.3. Surface morphology and microstructure analysis ............................................ 37 

3.2.4. Piezoresponse force microscopy analysis, PFM .............................................. 37 

3.2.5. Dielectric and piezoelectric properties analysis ............................................... 38 

Chapter 4: New phase boundary in lead−free piezoelectric KNN−based composites 

originating from coexistence of ferroelectrics and relaxor .......................................... 41 

4.1. Investigation of high temperature phase transition behaviors and piezoelectric 

properties for BaZrO3modified leadfree KNNBLT ceramics .............................. 41 

4.1.1. Motivation and scope ....................................................................................... 41 

4.1.2. Results and discussions .................................................................................... 44 

4.1.3. Conclusion ........................................................................................................ 53 

4.2. Effects of SrTiO3 modification on piezoelectric and strain properties of 

lead‒free K0.5Na0.5NbO3‒based ceramics ...................................................................... 54 

4.2.1. Motivation and scope ....................................................................................... 54 

4.2.2. Results and discussions .................................................................................... 56 

4.2.3. Conclusion ........................................................................................................ 63 

4.3. Li+ ‒doping effects on tetragonal phase stabilization of lead‒free KNNST 

piezoceramics ................................................................................................................... 65 

4.3.1. Motivation and scope ....................................................................................... 65 

4.3.2. Results and discussions .................................................................................... 67 

4.3.3. Conclusion ........................................................................................................ 71 

4.4. Ferroelectric‒to‒relaxor crossover in KNN‒based lead‒free piezoceramics ...... 72 

Demo Version - Select.Pdf SDK



 

vii 

4.4.1. Motivation and scope ....................................................................................... 72 

4.4.2. Results and discussions .................................................................................... 74 

4.4.3. Conclusion ........................................................................................................ 87 

4.5. New phase boundary in lead−free piezoelectric KNN−based composites ........... 88 

4.5.1. Motivation and scope ....................................................................................... 88 

4.5.2. Results and discussions .................................................................................... 91 

4.5.3. Conclusion ...................................................................................................... 102 

Chapter 5: Summary ..................................................................................................... 104 

References ....................................................................................................................... 107 

Publications .................................................................................................................... 116 

 

  

Demo Version - Select.Pdf SDK



 

viii 

List of Figures 

Figure 2.1. Relationship between dielectrics, piezoelectrics, pyroelectrics and ferroelectrics. ....... 6 

Figure 2.2. Polarization of dielectrics by an applied electric field. .................................................. 7 

Figure 2.3. Sketch images for two piezoelectric effects [16]. .......................................................... 8 

Figure 2.4. Electric and elastic boundary conditions in ferroelectric materials [17]. ..................... 10 

Figure 2.5. Polarization and strain versus electric field loops of ferroelectric crystal [21]. ........... 11 

Figure 2.6. (a) Perovskite structure of unit cell and (b) ferroelectric BaTiO3 [22]. ....................... 12 

Figure 2.7. Electromechanical properties of PbZrO–PbTiO solid-solution ceramics on 

composition. ................................................................................................................................... 14 

Figure 2.8. Phase diagram of the PbZrO3 – PbTiO3 solid solution system. [24] ........................... 15 

Figure 2.9. Temperature dependent dielectric constant and dissipation factor of PMN and PMN–

10PT compositions. [30] ................................................................................................................ 17 

Figure 2.10. Basic setup for evaluating electrooptic shutter/modulator characteristics [31]. ........ 18 

Figure 2.11. Temperature dependent dielectric constant and phase diagram of PLZT [32]. .......... 19 

Figure 2.12. Polymorphic phase transitions in barium titanate single crystals [33]. ...................... 21 

Figure 2.13. Possible crystal models of BNT [36]. ........................................................................ 23 

Figure 2.14. Electric field–induced unipolar strain curves for BNST ceramics [7]. ...................... 24 

Figure 2.15. Phase diagram of the KNN solid solution [39]. ......................................................... 25 

Figure 2.16. Intrinsic traits of (a) the polymorphic phase boundary and (b) the morphotropic 

phase boundary [63]. ...................................................................................................................... 28 

Figure 2.17. Characteristics of relaxor ferroelectrics as compared to normal ferroelectrics [67]. . 29 

Demo Version - Select.Pdf SDK



 

ix 

Figure 3.1. The sketch of (a) calcination and (b) sintering process................................................ 33 

Figure 3.2. (a) Multi Purpose X–Ray Diffractometer and (b) JEOL Field Emission Scanning 

Electron Microscope. ..................................................................................................................... 36 

Figure 3.3. AixPES (aixACCT) setup for measuring P–E and S–E hysteresis loop. ..................... 39 

Figure 4.1. Polished and thermally etched surface images of KNN‒BLT‒100xBZ ceramics, (a) x 

= 0.04, (b) x = 0.05, (c) x = 0.06, (d) x = 0.07, and (e) x = 0.08. .................................................... 45 

Figure 4.2. X‒ray diffraction patterns of KNN‒BLT‒100xBZ ceramics in the 2θ ranges of (a) 

20o‒70o, (b) 44.5o‒46.2o and (c) deconvoluted peaks. .................................................................... 46 

Figure 4.3. Polarization (top) and bipolar strain curves (bottom) of KNN‒BLT‒100xBZ ceramics 

as a function of BZ content. ........................................................................................................... 47 

Figure 4.4. Changes of (a) Pmax, Pr, Ec values and (b) Smax, Sneg values of KNN‒BLT‒100xBZ 

ceramics as a function of BZ content. ............................................................................................ 48 

Figure 4.5. (a) Temperature‒dependent dielectric constant and (b) dielectric loss of 

KNN‒BLT‒100xBZ ceramics, (c) temperature‒dependent dielectric constant for KNN‒BLT‒6BZ 

ceramics at different frequencies, and (d) changes of phase transition temperatures as a function 

of BZ content. ................................................................................................................................. 49 

Figure 4.6. Changes of (a) d33 and kp for KNN‒BLT‒100xBZ ceramics as a function of BZ 

content, temperature‒dependent dielectric constant and d33 for (b) KNN‒BLT‒5BZ, (c) 

KNN‒BLT‒6BZ, and (d) KNN‒BLT‒8BZ ceramics. ................................................................... 50 

Figure 4.7. Temperature‒dependence of X‒ray diffraction patterns in the 2θ ranges of 44.5o‒46.2o 

for (a) KNN‒BLT‒5BZ, (b) KNN‒BLT‒6BZ, and (c) KNN‒BLT‒8BZ ceramics as a function of 

temperature and the deconvoluted results for (d) KNN‒BLT‒5BZ ceramics, (e) KNN‒BLT‒6BZ, 

and (f) KNN‒BLT‒8BZ ceramics at representative temperatures. ................................................ 52 

Figure 4.8. Polished and thermally etched surface images of lead‒free KNN‒100xST ceramics (a) 

x = 0, (b) x = 0.01, (c) x = 0.03, (d) x = 0.04, (e) x = 0.10. (f) Average grain size and relative 

density for KNN‒100xST ceramics as a function of ST content. .................................................. 57 

Demo Version - Select.Pdf SDK



 

x 

Figure 4.9. X‒ray diffraction patterns of KNN‒100xST ceramics as a function of ST content in 

the 2θ ranges of (a) 20o‒70o and (b) 44.4o‒46.4o. (c) Lattice parameters and tetragonality. ......... 58 

Figure 4.10. Temperature‒dependent dielectric properties of KNN‒100xST ceramics, (a) 

temperature‒dependent dielectric constant (εr), (b) dielectric loss of KNN‒100xST ceramics, (c) 

εr for KNN‒3ST ceramics at different frequencies, and (d) the extracted phase transition 

temperatures as a function of ST content. ...................................................................................... 59 

Figure 4.11. (a) Bipolar strain and polarization curves, (b) S
pol

, S
rem

 values, (c) Pmax, Pr and Ec 

values of KNN‒100xST ceramics. ................................................................................................. 61 

Figure 4.12. The (a) unipolar strain curves (b) normalized strain d*
33, difference Spol − Srem and 

P2
m−P2

r of KNN‒100xST ceramics. ............................................................................................... 62 

Figure 4.13. Phase diagram of KNN‒100xST ceramics................................................................. 63 

Figure 4.14. Polished and thermally etched surface images of lead‒free KNN‒4ST‒100yL 

ceramics (a) y = 0, (b) y = 0.01, (c) y = 0.02, (d) y = 0.03, (e) y = 0.04, and (f) y = 0.06 .............. 67 

Figure 4.15. X‒ray diffraction patterns of KNN‒4ST‒100yL ceramics as a function of Li content 

in the 2θ ranges of (a) 20o‒70o, (b) 44.4o‒46.4o, and (c) lattice parameter. ................................... 68 

Figure 4.16. (a) Temperature‒dependent dielectric dielectric constant εr  of KNN‒4ST‒100yL 

ceramics, and (b) the extracted phase transition temperatures as a function of Li+ content. .......... 69 

Figure 4.17. (a) Polarization and bipolar strain curves, (b), Pmax, Pr, Ec values (c) S
max

, S
neg

 values 

of KNN‒4ST‒100yL ceramics ....................................................................................................... 70 

Figure 4.18. Piezoelectric constant d33, electromechanical coupling factor kp r and phase transition 

temperature of KNN‒4ST‒100yL ceramics. .................................................................................. 71 

Figure 4.19. The polished and thermally etched surface images of KNN‒based ceramics, (a) pure 

KNN (b) KNN‒1Z, (c) KNN‒5Z, and KNN‒100yBZ ceramics for (d) y = 0.03, (e) y = 0.06, (f) y 

= 0.08, (g) y = 0.10. ....................................................................................................................... 75 

Figure 4.20. X‒ray diffraction patterns of (a) pure KNN, (b) KNN‒100xZ, (c) KNN‒100yBZ 

Demo Version - Select.Pdf SDK



 

xi 

ceramics in the 2θ ranges of 20o‒70o, (d) 29.6o‒33.2o and (e) 43o‒46.6o. ...................................... 77 

Figure 4.21. Temperature‒dependent dielectric constant (εr) for (a) all compositions at 100 kHz 

and (b) pure KNN, (c) KNN‒1Z, (d) KNN‒6BZ, (e) KNN‒8BZ, and (f) KNN‒10BZ ceramics. 78 

Figure 4.22. Electric‒field‒induced strain and polarization curves for (a) KNN, KNN‒100xZ 

ceramics as red blocks, (b) x = 0.01, (c) x = 0.05, and KNN‒100yBZ ceramics as blue blocks; 

similarly for (d) y = 0.03, (e) y = 0.06, (f) y = 0.08, (g) y = 0.10, (h) y = 0.15. ........................... 80 

Figure 4.23. The (a) dielectric, ferroelectric, and (b) strain properties of KNN, (top) KNN‒100xZ 

and (bottom) KNN‒100yBZ ceramics. .......................................................................................... 81 

Figure 4.24. Changes in the piezoelectric constant (d33) and electromechanical coupling factor (kp) 

for pure KNN, KNN‒100xZ, and KNN‒100yBZ ceramics. .......................................................... 82 

Figure 4.25. Evaluation of diffused phase transition for KNN‒100yBZ ceramics using (a) the 

reciprocal of the dielectric constant (1/ε’) as a function of the temperature and (inset) TCW; (b) the 

log (1/ε’‒1/ε’m) vs. log (T‒Tm) plot at 1 kHz and (inset) the fitted γ values for KNN‒100yBZ 

ceramics.......................................................................................................................................... 84 

Figure 4.26. Schematic diagram for the three different states of (a) pure KNN, (b) KNN‒8BZ, and 

(c) KNN‒15BZ ceramics. .............................................................................................................. 86 

Figure 4.27. The polished and thermally etched surface images of KNN‒based composites, with 

different T‒phase fraction: (a) f = 0, (b) f = 0.1, (c) f = 0.3, (d) f = 0.5, (e) f = 0.06, (f) f = 0.7, (g) 

f = 0.8, (h) f = 0.9, and (i) f = 1. .................................................................................................... 92 

Figure 4.28. X‒ray diffraction patterns of KNN‒based composites in the 2θ ranges of (a) 20o‒70o, 

(b) 44.5o. ......................................................................................................................................... 93 

Figure 4.29. (a) Temperature‒dependent dielectric constant (εr) for all KNN‒based composites at 

100 kHz. (b) Phase transition temperatures.................................................................................... 94 

Figure 4.30. (a) Electric‒field‒induced strain and polarization curves for KNN‒based composites 

and (b, c) extracted values. ............................................................................................................. 95 

Demo Version - Select.Pdf SDK



 

xii 

Figure 4.31. Piezoelectric constant (d33), mechanical quality factor (Qm), and electromechanical 

coupling factor (kp) for KNN‒based composites............................................................................ 96 

Figure 4.32. High temperature X‒ray diffraction patterns of KNN‒based composites in the 2θ 

range of 44.4o‒46.4o. ...................................................................................................................... 98 

Figure 4.33. Temperature‒dependent dielectric constant and d33 behavior for KNN‒based 

composites with different Tphase fraction: (a) f = 0, (b) f = 0.3, (c) f = 0.7 and (d) f = 1. ........... 99 

Figure 4.34. PFM mappings of KNN‒based composites on 2.0 μm × 3.0 μm area. (a1) and (a2) f 

= 0, (b1) and (b2) f = 0.7, (c1) and (c2) f = 1 composites. ........................................................... 100 

Figure 4.35. Schematic diagram for the three different states of (a) f = 0, (b) f = 0.7, and (c) f = 1 

composites. ................................................................................................................................... 102 

Demo Version - Select.Pdf SDK



 

xiii 

List of Tables 

Table 1. 32 three‒dimensional crystallographic point groups in crystals ........................................ 6 

Table 2. Polymorphic phase boundary in KNN‒based materials ................................................... 27 

Table 3. Effect of 1 mol% additives on the phase transition temperatures of KNN ceramics ....... 28 

Table 4. Conditions for calcination and sintering. .......................................................................... 32 

Table 5. Crystal structure and electrical properties of lead‒free KNN‒100xST ceramics ............. 58 

 

Demo Version - Select.Pdf SDK



 

1 

Chapter 1: Introduction 

1.1. Back ground 

Lead‒based piezoelectric materials have been used in various applications for sensors 

and actuators, based on their mutual conversion between mechanical energy and electrical 

energy [1-3]. However, it seems that the high toxicity of lead (Pb) in wastes of those 

devices causes serious problems to environment and human body. Some laws and 

regulations were legislated to prohibit the use of lead, including European Union passed 

the Restriction of Hazardous Substances (RoHS) law in 2003, Household Electronic 

Products Recycling Law in Japan, and Electronic Information Product Pollution Control 

Management Regulation in China in 2006 [4]. Hence, leadfree materials have been 

intensively investigated to replace leadbased piezoelectric material. Several groups of 

lead‒free piezoceramics have been extensively investigated, such as BaTiO3 [5,6], 

(Bi1/2Na1/2)TiO3 [7,8], and (K0.5Na0.5)NbO3 (KNN) [9-11]. Among them, potassium 

sodium niobate K0.5Na0.5NbO3 (KNN) has drawn much attention due to their relatively 

high Curie temperature, excellent dielectric and piezoelectric properties. Several 

promising achievements was recently reported in KNN‒based ceramics with constructing 

new phase boundaries such as polymorphic phase transition (PPT) [12] and morphotropic 

phase boundary (MPB) [13]. While PPT leads to the temperature sensitive problem since 

the characteristic depends on bothcompositionand temperature, the nearly vertical phase 

boundary MPB independing on temperature can solve that proplem. Liu et al. (2018) 

introduced a way of forming MPB by shifting diffused phase transitions closer to create a 

partially overlapped phase transition over a broad temperature range [14]. In this work, 

we suggest another approximation to form an MPB by mixing two end members with 

different crystal symmetries at room temperature. In the formation of rhombohedral 

(R)tetragonal (T) MPB, most of studies believed that the R phase in KNN ceramics can 
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be stabilized by AZrO3 (A = Ba, Ca, Sr ...) modification. However, some studies recently 

suggested the stabilization of relaxor based on the orthorhombic (O)pseudocubic (PC) 

phase transition in AZrO3modified KNN. Therefore, there are still arguments on the 

definition of the stabilized phase in KNN ceramics by modifying Zr‒based compounds. 

In this thesis, the stabilized phase in BaZrO3modified KNN is defined as PC phase 

relating with the ferroelectrictorelaxor transition. By using a T phase and a PC phase 

components to produce the composites, we obtain the new TPC phase boundary with 

the enhanced piezoelectric properties and temperature stability in KNN‒based composites. 

Moreover, the improvement of strain behaviors in the composites can be originated from 

a new phase boundary with ferroelectric‒relaxor coexistance. 

1.2. Aim and scope of research 

Research aim: 

The principle aim of this thesis work is improving the piezoelectric properties, and their 

temperature insensibility in lead–free KNNbased piezoelectric materials using the 

composite method, based on the phase coexistance. In order to serve that main goal, the 

following issues will be resolved: 

 Stabilize the tetragonal phase in KNN ceramics. 

 Define the pseudocubic phase and relaxor stabilization inBaZrO3modified KNN. 

 Produce the compostites using two components, one in ferroelectric tetragonal phase 

and one in relaxor pseudocubic phase, then investigate the enhanced piezoelectric 

properties and temperature stability near MPB region, based on the high temperature 

crystal structure XRD.  

 Propose a model of ferroelectric‒relaxor coexistance, and explain the improvement 

of strain behaviors in the composites. 
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Research scope: 

The solid solution 0.92(Na0.5K0.5)NbO3–(0.08x)(Bi0.5Li0.5)TiO3xBaZrO3 ternary 

system was investigated to study the features of morphotropic phase boundary.  

The tetragonal phase is stabilized in (1–x)(Na0.5K0.5)NbO3 – xSrTiO3 piezoceramics at 

room temperature with the amount of SrTiO3 modification higher than 0.05 mol%. 

However, when SrTiO3 content further increases, the Curie temperature and piezoelectric 

properties are reduced. Therefore, 0.96(K
0.5

Na
0.5

)
1-y

Li
y
NbO

3
0.04SrTiO

3 piezoceramics 

system was also investigated. 

Two systems of (K0.5Na0.5)(Nb1-xZrx)O3 and (1–y)(Na0.5K0.5)NbO3 are compared to 

investigate the relaxor behaviors and clarify the stabilized phase in KNNbased ceramics. 

The pseudocubic phase can be found in KNN–100yBZ around room temperature with y  

0.08, corresponding with the relaxor stabilization.  

Finally, two components of ferroelectric tetragonal KNN‒4ST−4L and relaxor 

pseudocubic KNN‒8BZ are mixed in different KNN‒4ST−4L content fractions f. The 

crystal structure, microstructure, and other properties such as dielectric permittivity, 

ferroelectric polarization, bipolar strain, piezoelectric responses, etc. were carried out as 

well as the temperature stability. 

1.3. Outline of the thesis 

The thesis consists of five Chapters. 

The background, research objectives and outline of this thesis are given in Chapter 1. 

Chapter 2 consists of two parts. The first part provides the basics ferroelectrics and their 

related properties applicable to the objectives of this research. The second 

Demo Version - Select.Pdf SDK



 

4 

partmentionsabout the review of literature  on leadbased piezoelectrics, leadfree 

piezoelectrics (BT barium titanate, BNT bismuth sodium titanate and KNN sodium 

potasium niobate), phase boundaries and relaxor ferroelectricity in KNNbased materials. 

Chapter 3 presents the experimental procedure with particular compositions, detailed 

fabricating conditions and characterization techniques that had been used in this research 

work. 

Chapter 4 is the main content in this study and includes five parts. An example of 

tetragonalrhobohedral morphotropic phase boundary in 0.92(Na0.5K0.5)NbO3–

(0.08x)(Bi0.5Li0.5)TiO3xBaZrO3 ternary system using convetional solid solution is 

considered in the first part. Next two parts investigate the effects of SrTiO3 and Li+ 

modification on the tetragonal stabilization of KNNbased ceramics. The forth part 

determines the orthorombicpseudocubic polymorphic phase transition and 

ferroelectricrelaxor crossover in BaZrO3modified KNN ceramics. The last part studies 

new phase boundary in the composites of ferroelectric tetragonal 

0.96(K
0.5

Na
0.5

)
0.96

Li
0.04

NbO
3
0.04SrTiO

3 and relaxor pseudocubic 

0.92Na0.5K0.5NbO30.08BaZrO3. 

Finally, Chapter 5 presents the summary of this research work. 
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