
Contents 

TOPICS       Page No. 

List of Figures          (i-vi) 

List of Tables           (vii) 

Preface           (viii-xv) 

Chapter-I Introduction and Literature Review      1-31 

1.1 Dental Ceramics          1 

1.2 History of Dental Ceramics        1 

1.3 History of Dental Ceramics        4 

1.4 Metal-Ceramic Restorations        6 

1.5 Metal-Ceramic Restorations        6 

1.6 Clinical Failure of All-Ceramic Crowns       8 

1.7 Components of metal ceramic restoration      8 

1.7.1 Metal substructure         9 

1.7.2 Oxide layer          9 

1.7.3 Opaque layer          9 

1.7.4 Dentin porcelain layer         9 

1.7.5 Enamel porcelain layer         10 

1.7.6 External glaze          10 

1.8 Classification of dental porcelains       10 

1.9 Chemical components of dental porcelain      11 

1.9.1 Feldsphar (K2O Al2O3 6SiO2)        11 



1.9.2 Quartz (SiO2)          11 

1.9.3 Alumina (Al2O3)         11  

1.9.4 Kaolin (Al2O3-2SiO2.2H2O)        12 

1.10 Verities of low fusing porcelain for metal-ceramic Restoration   12 

1.10.1 Opaque porcelains         12 

1.10.2 Dentine porcelains         13 

1.10.3 Enamel porcelains         13 

1.10.4 Translucent porcelains        13 

1.10.5 Modifiers          13 

1.10.6 Stains and glazes         14 

1.11 Porcelain and glass-ceramic application on metals     15 

1.12 Heat treatment of dental porcelain       15 

1.13 Advantages and disadvantage of metal ceramics restoration    17 

1.14 Dental ceramics for PFM bonding       17 

1.15 Mechanochemical synthesis       19 

1.16 Leucite (K2O Al2O3 2SiO2)        20 

1.16.1 Synthesis of leucite glass-ceramics       21 

1.17 Kalsilite (K2O Al2O3 SiO2)        23 

1.17.1 Synthesis of Kalsilite         25 

1.18 Bioactive Glasses         25 

1.19 Low temperature glass frit (LTF)       27 

1.20 Bioactive glass-ceramic composites for dental applications    27 

 



Chapter II Objective of the Work        32-33 

Statement of the problem        34 

Chapter III Experimental Techniques       35-62 

3.1 Preparation of leucite using mechanochemical synthesis route   36 

3.2 Preparation of LTF         37 

3.3 Preparation and heat treatment of samples containing different wt. ratio of 

mechanochemically derived leucite and LTF      38 

3.4 Preparation of kalsilite using mechanochemical synthesis route   39 

3.5 Preparation and heat treatment of samples containing different wt. ratio of 

mechanochemically derived kalsilite and LTF      40 

3.6 Preparation of Bioglass         40 

3.7 Preparation of bioactive leucite/kalsilite based glass-ceramic composites 41 

3.8 Formulation of Al2O3 added leucite based glass-ceramic composites   43 

3.9 Characterizations          43 

3.9.1 Powder X-ray diffraction (XRD)       43 

3.9.2 Coefficient of thermal expansion (CTE) using dilatometer    47 

3.9.3 Scanning electron microscope (SEM)       48 

3.9.4 Flexural strength testing        50 

3.9.5 Weibull statistical analysis        52 

3.9.6 Flame photometer for ion (alkali and alkaline earth ions) leachability test 52 

3.9.7 Fourier transforms infrared spectroscopy (FTIR)     56 

3.9.8 Bioactivity          57 

3.9.9 Cell lines and cell culture        58 



3.9.10 Cell viability assay         58 

3.9.11 Cell proliferation assay        59 

3.9.12 In-vitro cytotoxicity assay        59 

3.9.13 Detection of apoptosis        60 

3.9.14 Hemolysis assay         60 

3.9.15 SEM evaluation of cell morphology       61 

3.9.16 Statistical analysis         61 

3.9.17 Bulk density (BD) and Apparent porosity (AP)    62 

Chapter IV Results and Discussion  

4.1 Mechanochemically Synthesized Leucite for Dental Veneering  

Glass Ceramics         63-80 

4.1.1 Phase analysis         63 

4.1.2 Coefficient of thermal expansion (CTE)      67 

4.1.3 Microstructure          68 

4.1.4 Flexural strength         70 

4.1.5 Ion leachability and surface morphology      73 

4.1.6 Summary of the results        79 

4.2 Mechanochemically Synthesized Kalsilite: 

Implementation as Dental Porcelain with Low Temperature Frit  77-93 

4.2.1 Phase analysis          81 

4.2.2 Coefficient of thermal expansion (CTE)      86 

4.2.3 Flexural strength         88 

4.2.4 Bulk density (BD) and apparent porosity (AP)     89 



4.2.5 Microstructure          90 

4.2.6 Ion leachability and surface morphology      92 

4.2.7 Summary of the results        98 

4.3 Mechanochemically synthesized leucite/kalsilite based bioactive glass ceramic 

composite for dental veneering       99-116 

4.3.1 Phase analysis          99 

4.3.2 Coefficient of thermal expansion       102 

4.3.3 Flexural strength         103 

4.3.4 Interface layer of the composites and the substrate     105 

4.3.5 Bioactivity in SBF         106 

4.3.6 Effect of composite materials on viability and cellular growth inhibition 111 

4.3.7 Apoptosis study          112 

4.3.8 Culture of SCC-25 cells on leucite and kalsilite glass ceramic composites  114 

4.3.9 Summary of the results         117 

4.4 Effect of Al2O3 on leucite based bioactive glass-ceramic composite for  

dental veneering         118-131 

4.4.1 Phase analysis          118 

4.4.2 Microstructure          120 

4.4.3 Coefficient of thermal expansion       123 

4.4.4 Bulk density (BD) and apparent porosity (AP)     124 

4.4.5 Flexural strength         125 

4.4.6 Culture of SCC-25 cells on glass ceramic composites    126 

4.4.7 Summary of the results        131 



Chapter V Conclusion and Scope for the Future Work     132-135 

8.1 Conclusion          132 

8.2 Scope for the future work        135 

References           136-154 

Outcomes of the thesis 

(a) List of Publications in International Journals 

(b) List of Research Papers in International and National Conferences 


