
iv

Table of Contents 

Danksagung / Acknowledgement ....................................................................................... iii 

Table of Contents .................................................................................................................. iv 

Symbols and Abbreviations ............................................................................................... viii 

1 Introduction .................................................................................................................. 1 

2 Fundamentals ............................................................................................................... 5 

2.1 Foreword .......................................................................................................................... 5 

2.2 Dielectric constant and loss ............................................................................................ 6 

2.3 The piezoelectric effect ................................................................................................... 7 

2.4 Ferroelectricity .............................................................................................................. 10 

2.4.1 Domains ................................................................................................................................... 10 

2.4.2 Poling of ferroelectrics ............................................................................................................. 11 

2.4.3 Ferroelectric hysteresis ............................................................................................................. 11 

2.4.4 Role of defects in ferroelectrics ................................................................................................ 13 

2.4.5 Antiferroelectricity ................................................................................................................... 14 

2.5 The Perovskite structure .............................................................................................. 15 

2.6 Temperature dependent phase transformation ......................................................... 16 

2.7 Combinatorial/High-throughput experimentation .................................................... 19 

2.7.1 Design of experiment ............................................................................................................... 19 

2.7.2 High-throughput synthesis of ceramic materials ...................................................................... 20 

2.7.3 High-throughput characterization of ceramic materials ........................................................... 21 

3 (KxNa1-x)NbO3 ceramics and research objectives ...................................................... 23 



v

3.1 (KxNa1-x)NbO3 solid solution ........................................................................................ 23 

3.1.1 (KxNa1-x)NbO3 phase diagram ................................................................................................. 23 

3.1.2 Processing of (KxNa1-x)NbO3 ceramics.................................................................................... 24 

3.1.3 Modification of (KxNa1-x)NbO3 Ceramics ............................................................................... 25 

3.1.4 Summary.................................................................................................................................. 28 

3.2 Research objectives and strategy................................................................................. 29 

4 Materials and Methods............................................................................................... 31 

4.1 Sample preparation ...................................................................................................... 31 

4.1.1 Raw powder conditioning........................................................................................................ 32 

4.1.2 Dosing of raw powders (HTE) ................................................................................................ 33 

4.1.3 Speed Mixing (HTE) ............................................................................................................... 34 

4.1.4 Milling ..................................................................................................................................... 34 

4.1.5 Particle size analysis ................................................................................................................ 35 

4.1.6 Calcination............................................................................................................................... 36 

4.1.7 Pressing.................................................................................................................................... 37 

4.1.8 Sintering .................................................................................................................................. 37 

4.1.9 Grinding and Polishing............................................................................................................ 38 

4.2 Sample characterization............................................................................................... 38 

4.2.1 Density determination.............................................................................................................. 38 

4.2.2 OES/ICP spectroscopy ............................................................................................................ 39 

4.2.3 Powder X-ray diffraction......................................................................................................... 39 

4.2.4 Synchrotron diffraction data collection ................................................................................... 41 

4.2.5 Rietveld refinement with Fullprof suite................................................................................... 42 

4.2.6 Grain size determination.......................................................................................................... 44 

4.2.7 Dielectric properties measurement .......................................................................................... 44 

4.2.8 Measurement of polarization hysteresis .................................................................................. 45 

4.2.9 Measurement of strain hysteresis............................................................................................. 46 

4.2.10 Impedance measurement..................................................................................................... 47 

5 Conventional synthesis ............................................................................................... 49 

5.1 Effect of MnO2 on the properties of (K0.44Na0.52Li0.04)(Nb0.86Ta0.1Sb0.04)O3

ferroelectric ceramics ................................................................................................................ 49 

5.1.1 Manganese in piezoelectric ceramics ...................................................................................... 49 



vi

5.1.2 Experimental procedure ........................................................................................................... 50 

5.1.3 Results ...................................................................................................................................... 51 

5.1.4 Discussion ................................................................................................................................ 55 

5.1.5 Summary .................................................................................................................................. 57 

5.2 Effect of substituting Nb with Sb on the properties of (K0.5Na0.5)NbO3 ceramics ... 58 

5.2.1 Introduction .............................................................................................................................. 58 

5.2.2 Experimental procedure ........................................................................................................... 58 

5.2.3 Results ...................................................................................................................................... 59 

5.2.4 Discussion ................................................................................................................................ 66 

5.2.5 Summary .................................................................................................................................. 68 

6 High-throughput synthesis......................................................................................... 69 

6.1 Effect of Bi on the A- and B-sites of KNN-based piezoelectric ceramics investigated 
using HTE method ..................................................................................................................... 69 

6.1.1 Introduction .............................................................................................................................. 69 

6.1.2 Experimental procedure ........................................................................................................... 70 

6.1.3 Results ...................................................................................................................................... 71 

6.1.4 Discussion ................................................................................................................................ 79 

6.1.5 Summary .................................................................................................................................. 80 

7 Temperature dependent structure investigation ........................................................ 81 

7.1 Structure of (K0.37Na0.52Li0.03)(Nb0.87Ta0.1Sb0.03)O3 ceramics studied using 
synchrotron diffraction.............................................................................................................. 81 

7.1.1 Objective and experimental procedure ..................................................................................... 81 

7.1.2 Results ...................................................................................................................................... 81 

7.1.3 Discussion ................................................................................................................................ 90 

7.1.4 Summary .................................................................................................................................. 92 

7.2 Electrical and structural studies of (KxNa1-x)NbO3 ferroelectric ceramics modified 
with Li, Ta and Sb ...................................................................................................................... 92 

7.2.1 Introduction .............................................................................................................................. 92 

7.2.2 OES/ICP analysis ..................................................................................................................... 94 

7.2.3 Structural characterization ........................................................................................................ 95 

7.2.4 Electrical characterization ...................................................................................................... 106 

7.2.5 Discussion .............................................................................................................................. 110 



vii

7.2.6 Summary................................................................................................................................ 112 

8 Conclusion ................................................................................................................ 113 

References ......................................................................................................................... 117 

Eidesstattliche Erklärung / declaration of authorship.................................................... 131 

Lebenslauf / Curriculum Vitae ........................................................................................ 132 


