
Index

Notes:

1. A distinction is made between pure chemical compounds (in principle the

single-crystal form of a material), and ceramics based on that compound.

Intrinsic properties are listed under the chemical name of the pure material:

entries relating to individual ceramic forms are listed under their ceramic

names.

2. Specific physical, mechanical and chemical properties, and applications, are

generally listed under the ceramics headings.

Acheson process 175
Acheson, Edward 175
activation energy, description 7, 27, 330
agglomerate, formation 10, 18, 121
albite, soda (sodium oxide) feldspar 78
alumina, calcined powder 120, 121, 123, 155
alumina ceramics (also see aluminium oxide),

applications,
armour plate 164
bearings 158
bioceramics 162, 385
container material 116, 120
conveyor channels 158
cutting tool inserts 116, 158
cyclonic collectors 158
dentistry 15
electrical insulation 116, 156
femoral head 162
grinding media 161
joints, hip and knee 162
kiln furniture 388
laser source 117
paper making 158
prostheses 161
pump seals 158, 160
sodium vapour lamp envelope 130, 164
spark plug insulator 20, 116, 156
substrates 116
thread guides 116, 158

tiles and plates 158, 160
water mixing valves 158
wire drawing dies 116, 158

b-alumina (sodium aluminate) 122
classification of materials 135
clean-room production 144
colour 136
composition 136
composition-property relationships 141
critical quench temperature 147
debased alumina, definition 115
density 137, 141, 162
dental implants 162
diamond grinding and polishing 155
electrical,

conductivity 151
properties 116, 151, 156

fracture,
energy 139
toughness 139

c-alumina 121, 129, 158
grain boundary films 132, 151, 283
grain size,

control 124, 165
distribution 142
strength dependence 142

hardness 136, 145
high alumina, definition 115
history 116, 385
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hot-pressed 129
International Electrotechnical Commission (IEC)
classification 157, 158

liquid phase sintered 125, 130
machining damage 140
maximum temperature of use 141
microstructure 5, 116, 130, 132
plastic deformation 143
Poisson ratio 139
pore,
bloating 146
volume 137

pressure-sintered, see hot-pressed
residual stresses 119, 137
secondary phases 131
shear modulus 139
sintering additive systems 124
slow crack growth 140
solid state sintered 124, 130
strength,
bend 141
compression 140
porosity dependence 143

surface finish 142
tan d (loss tangent) 152
thermal,
conductivity 145
expansion anisotropy 137
expansion coefficient 141, 146

thermal shock,
resistance 147
R-parameters 148

translucency 124, 130, 164
velocity of sound 164
water vapour, attack 142, 154
wear 136, 148, 158

abrasive 149
sliding 149, 290
tribochemical 149

work of fracture 164
Young modulus 137, 141, 164

porosity influence 137, 138
temperature influence 138

zirconia toughened alumina composites 342, 356,
364, 365

aluminium,
density 89
production from bauxite 120
reactivity 261, 277, 297
sintering additive for silicon carbide 206, 217
thermal conductivity 119, 120
Young modulus 96

aluminium hydroxide 122
aluminium nitride,

polytypes 293
sintering aid for silicon carbide 222

aluminium oxide (also see alumina ceramics),
aqueous corrosion 154
bond lengths 117
chemical reactivity 154
colour 117

crystal,
lattice defects 152
lattice dimensions 117
structure 90, 117

density 90, 117
dielectric loss 153
dispersion of powder in fluid media 48
electrical conductivity 118, 151
fracture energy 119
fracture toughness 119
Gibbs function, of formation 119
hardness,

Mohs scale 119
Vickers 119

ion lattice diffusion 117
melting point 118
permittivity 152
reactions, with molten alkalis 120
semiconductivity 118
sintering additive for,

silicon carbide 222
silicon nitride 266, 268

strength,
porosity relationship 143
tensile 118
theoretical 119

tan d (loss tangent) 152
thermal,

conductivity 119
expansion coefficients 119

Young modulus 118, 342
aluminium silicate, see mullite
aluminium silicon nitride oxide, see sialon
aluminium suboxides (Al2O, AlO) 119
aluminium titanate, thermal shock resistant material

54
aluminosilicate glass, 88, 116
intergranular phase 130
viscous flow 140

aluminous porcelain, see porcelain, aluminous
ammonium aluminium sulphate 123
anorthite (calcium aluminosilicate) 78, 131
application areas (also see individual materials) 48,

386
armour 48, 386
aspect (axial) ratio, of particle or grain 12, 15
availability, of raw materials 50

baddeleyite (mineral zirconium dioxide), 315, 317
Mohs hardness 348
processing 317

bauxite (mineral aluminium oxide) 117, 120, 121
Bayer process 120
bayerite (hydrated aluminium oxide) 121
beryllium 49
beryllium oxide, 49
sintering additive for silicon nitride 266

binders, for powder particles 11
bioceramics 162, 370, 386
blast furnace, silicon carbide use 177
bloating 84, 100
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boehmite (hydrated aluminium oxide) 122
boron, silicon carbide sintering aid 206, 216
boron carbide, wear resistant 48, 54, 386
boron nitride,
cubic, wear resistant 54
inert powder bed in silicon nitride sintering 271

Boyle’s law 85

calcium carbonate (chalk) 126
calcium hexaluminate 131
calcium monosilicate 126, 132
calcium oxide, 48, 125
densification system for alumina 126
in a0-sialon 294
stabiliser for zirconia ceramics 317, 359

calcium oxide stabilised zirconia, see zirconia,
calcium oxide stabilised,

calcium zirconate 326
carbon 35
allotropes 3
silicon carbide production 35, 176, 210, 216
solubility in liquid silicon 210

carbon monoxide (reducing atmosphere) 194
carborundum (silicon carbide) abrasive 54, 175, 229
carbothermal reduction, of silicon dioxide to silicon

nitride 248
cast iron, machining 299, 367
catalyst supports 54, 387, 388
cements, hydraulic 57
ceramic, definition 1
cerium oxide, stabiliser for zirconia ceramics 363
cerium oxide stabilised zirconia, see zirconia, cerium

oxide stabilised
chemical potential, see Gibbs function
chemical vapour deposition (CVD) 201, 224, 249
chromium (III) oxide 117, 136
clay,
analyses 70
ball 69
china 63, 69
classification 9, 11, 69, 70
plasticity 69

clay-bonded silicon carbide 222
close-packing, particle 16
coefficient of thermal expansion (also see individual

materials) 43
colloid, colloidal particle, definition 13
composites, 390
alumina-zirconia 342, 356, 364, 365, 391
alumina-titanium carbide 391

container materials 106, 116
coordination number, of void 31
copper, thermal conductivity 119, 186
cordierite (magnesium aluminosilicate), 131, 272
catalyst support 54, 388

corundum (also see aluminium oxide) 121
crack,
deflection 340
shielding 336, 339

creep (also see individual materials) 96
cristobalite (silicon dioxide), 50

in porcelain 68, 86
critical,

quench temperature (also see individual materials)
45

stress 37
stress intensity factor (see also individual materials)

39
crystal lattice (also see individual materials),

defects 4, 202
energy 27

cutting tool inserts 116, 386
CVD, see chemical vapour deposition

deflocculation 12
density (also see individual materials),

bulk 65
green 21
theoretical (true solid) 20

dentistry 66, 77, 387
diamond, 3

density 183
machining and polishing 9, 16, 297
refractive index 347
thermal conductivity 186

diaspore (hydrated aluminium oxide) 121, 122
dicalcium silicate,

destructive phase change 50, 325
diesel engine components and exhaust gas filters 178,

231, 387
diffusion (also see oxygen),

cations, in porcelain 80
coefficients 13, 28
grain boundary 203
lattice 203
surface 203

diffusionless (martensitic) transformation 322
dispersed oxide ceramics (also see zirconia

ceramics) 365
duplex structures in zirconia ceramics 358
dusting 50

economic factors 297, 390
Einstein equation 83
electrical properties (also see individual materials),

52, 179, 189
insulation 13, 54, 66, 99, 106

elemental abundance 51, 315
emery (corundum) 117
engineering ceramics, definition 115
enstatite see magnesium monosilicate
evaporation-condensation mechanism, in powder

sintering 265, 276
exhaust gas filtration 178

failure probability 41
Faraday, Michael 54
feldspar,

potash (potassium oxide) 68, 222
relicts, in porcelain 80, 86
sintering additive for clay-bonded silicon

carbide 222
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soda (sodium oxide) 78
ferroelastic switching in zirconium dioxide

345
ferroelasticity 345
ferrous alloys,

machining 260
reaction with silicon nitride 290

Fick’s first law 28, 192
fillers, in porcelain 68, 81
fine china 63
firing (also see sintering), 11, 74

porcelain 75
flaws 38
flint (quartz) 81
fluidised bed, for coating production 201, 224
fluxes 62, 76

aluminosilicate 67
feldspathic 68, 71

forsterite (dimagnesium silicate) 157
fracture (also see individual materials),

surface energy 39
toughness 39

free-radicals, in the CVD process 201

gas filters 387
gehlenite (calcium aluminosilicate) 131
Gibbs function, molar (chemical potential) 24, 26,

32, 329
gibbsite (hydrated aluminium oxide) 121, 122
glass, 56, 65, 88

aluminosilicate 88
expansion coefficients 94
in porcelain 65, 67, 88
toughened 99, 345
transition temperature 67, 88
viscosity 90, 139

glaze, 62, 98, 197
compressive stresses 99
fit 99

grain,
aspect ratio 12, 15
boundary, 5
thin films 5, 7, 69, 116, 132

growth control 23, 29, 124, 129
size, effect on phase stability 332
size-strength relationship 23

graphite, 3
second phase in silicon carbide 217
substrate material for CVD process 224

green, explanations,
body 62
density 21

Griffith equation 39, 41, 339
grinding,

media 106, 161
wheels 177

hafnium carbide 48
hafnium dioxide, impurity in zirconium

dioxide 318
hard-metals (cemented carbides) 48

heat-work 74
heavy clays 57
high-voltage insulation 116
hip joint replacement 386
history, 385
alumina ceramics 116, 385
porcelain 62, 385
silicon carbide ceramics 175, 385
silicon nitride ceramics 249
zirconia ceramics 385

hot-isostatic pressing 267
hot-pressing 8, 129, 198
hydrofluoric acid 106, 154
hydrogen,
bonding 28
reducing atmosphere 194
solubility in aluminium oxide 124

illite (clay mineral) 70
in situ reinforcement, in silicon nitride 283
injection moulding 12
interfacial energy 20, 23, 32, 205
internal combustion engine 55, 116
International Electrotechnical Commission (IEC)

classification 67, 103, 157, 158
ionic,
conductivity 105
diffusion 80
polarisability 105

iron, density 89
iron oxide 49, 85
isostatic pressing 12

kaolinite (clay mineral), 70, 71, 73
relicts in porcelain 80, 86
sintering additive for alumina 127

kiln furniture 388
kinetic energy absorption 164
knee replacement 386

laboratory ware 66
lanthanide oxides, in a0-sialon 294
laser radiation source 117
lattice,
defects 4, 152, 202, 332, 354
energy 27

layer silicate 69
lead, in pottery glaze 49
lead “crystal” (glass) 56
leucite (potassium aluminium silicate) 78
lime (calcium oxide) 125
liquid,
filters 387
supercooled 89
transitory, in sintering 272
viscosity 82

liquid-phase sintering (also see individual
materials) 125

lithium oxide, in a�-sialon 294
loss on ignition 84

Index 397

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-84586-1 - Structural Ceramics: Fundamentals and Case Studies
F. L. Riley
Index
More information

http://www.cambridge.org/9780521845861
http://www.cambridge.org
http://www.cambridge.org


magnesium aluminate (spinel) 131, 132
magnesium aluminosilicate (cordierite) 54
magnesium hydroxysilicate (talc), 13, 126
electrical insulator 13, 50

magnesium monosilicate (enstatite) 46, 126
magnesium nitride, densification system for silicon

nitride 266
magnesium oxide,
densification system for alumina 124, 126, 165
densification system for silicon nitride 266, 268
hydrolysis 48
stabiliser for zirconia ceramics 316

magnesium oxide stabilised zirconia, see zirconia,
magnesium oxide stabilised

magnesium silicates in silicon nitride 266
magnesium zirconate 326
manganese oxide, in porcelain semiconducting

glaze 64
martensitic transformation, in zirconium dioxide

322
matte, silicon nitride whisker form 273
melilite, see yttrium silicon oxynitride
melting points, table of values 4
metakaolin (dehydrated kaolinite) 72, 80
methyltrichlorosilane, in CVD silicon carbide

production 201, 224
microcline (feldspathic mineral) 69, 78
microcrack toughening (also see zirconia ceramics)

343
microspheres, free-flowing powders 10, 18
microstructure (also see individual materials) 86
Mohs hardness scale 119
Moissan, Henri 175
moissanite, meteoritic silicon carbide 175
molochite, mould material 74
montmorillonite (clay mineral) 70
MOX (mixed oxide) nuclear reactor fuel 49
mullite (aluminium silicate), 20, 34, 131
applications 388
density 90
in porcelain 67, 72, 86
melting point 54
primary 73, 81
secondary 81, 86, 102
tertiary 100, 102
thermal expansion coefficient 93

nanopowder, definition 13
near net-shaping 9
nepheline syanite (aluminosilicate mineral) 78
Nernst electrical conductivity 105, 354
nickel-based alloys, machining 300
nierite, meteroritic silicon nitride 247
nitridation, of silicon in production of silicon

nitride 248, 273
nitrogen,
equilibrium pressure over silicon nitride 247
in Earth’s atmosphere 50
glasses 268

nuclear power, fuel 182

once-firing, of porcelain 62
onion skinning 12
orthoclase (feldspathic mineral) 69, 78
Ostwald ripening 33
oxidation (also see silicon carbide, and silicon

nitride) 191
oxide films, on non-oxide powders 205
oxygen diffusion

in silicates 264
in silicon dioxide 261, 264
in zirconium dioxide 352, 355
pressure measurement 355

parabolic rate law 192
particles, see powder particle
plutonium dioxide, nuclear fuel material 49
Poisson ratio (also see individual materials) 43
polytypism, in silicon carbide 180
polytypoid, aluminium nitride 293
porcelain,

aluminous 64, 68, 100, 106
strength 103, 115
maximum temperature of use 141

application areas 107
containers 106
dental 66, 77, 387
electrical insulation 66, 99, 106
grinding media 106
laboratory ware 66

bloating 100
classification 103
compositions 71
creep 96
density 89
electrical properties 62, 104, 106
fillers 68, 81
firing schedules 75
fluxes 78, 125
fracture toughness 97
fully vitrified 65, 66
glass, 88

influence on property 67
mean expansion coefficient 94

glaze, 98
compressive stress 99
fit 99

hardness 103
ionic conductivity 105
liquid viscosity 82
microstructure 86
properties 86
relicts 80, 86
residual stresses,
siliceous 63, 68, 87, 106

maximum temperature of use 141
strength 98

bend 63
high temperature 103
improvement 100
porosity relationship 98
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quartz, influence 98
surface compressive glazes 100
thermal,
expansion 92
mismatch stresses 92, 95, 100, 101
shock 104

translucency 64
triaxial, compositions 68
wear rate 103
Young modulus 96

porosity, 7, 40
relationships with strength 41
shrinkage during sintering 205

potash (potassium) feldspar 68
potassium oxide, 47

basis for alminosilicates 68, 125
pottery,

glaze 49
history 67
strength 67

powder particle,
agglomeration 18
aspect ratio 15
packing,
close 16
efficiency 15, 17
homogeneity 31

size 13, 15
distribution 13, 17
effect on zirconium dioxide phase stability

332
pressure sintering, see hot-pressing
pressureless sintered, see sintered,
probability of failure 41
processability 10, 51
prostheses (see also bioceramics) 386

quartz (silicon dioxide) 50
conversion (displacive) 94
crystal structure 90
in porcelain 68, 81, 86
quartz “crystal” glass 56
residual stresses 93
thermal expansion coefficient anisotropy 93
transformation (reconstructive) 94

R-curve behaviour 40, 283, 341
R (thermal shock resistance) parameters (also see

individual materials) 46
radar 156
Ramsdell notation, for polytypes 181
rare earth oxides, sintering additives for silicon

nitride 269
reaction-sintering (reaction bonding) 35, 74
reactive alumina (c-alumina) 129
reconstructive transformation 94, 252, 266
red mud, waste product from the Bayer process 121
refractive index (also see individual materials) 65
refractories 56
relicts, in porcelain,

feldspar 80, 86

kaolinite 80, 86
ruby (single crystal aluminium oxide) 117, 136

salt glazing 197
sand-blasting 48
sapphire (single crystal aluminium oxide) 117, 118
sapphirine (magnesium aluminosilicate) 131
scaling laws 21, 336
semiconductivity 179, 189
shear modulus 43, 336
shrinkage, also see sintering 84
sialon (silicon aluminium oxynitride), 46, 271, 291
a0-sialon phase, 291, 294

additive oxides 294
composition range 277, 294
crystal structure 294
hardness 296
production 294, 296
thermal expansion coefficient 296
transformation to b�-sialon 295

b0-sialon phase, 291
bond lengths 292
composition range 292
crystal structure 292
system 292

silica, see silicon dioxide
silicates,
corrosion product 195, 264
sintering aid 32
thin intergranular film 5, 7, 69, 116, 132

silicon,
liquid in silicon carbide 200, 210
melting point 273
nitridation, 199, 248, 273

heat of reaction 273
volume expansion 276

oxidation 191
reaction with carbon to form silicon carbide 35, 210
single crystal 3

silicon aluminium oxynitride, see sialon
silicon carbide (also see silicon carbide ceramics), 175
a-phase 180
atomic structure 178
b-phase 180
blast furnace refractory 177
colour 179
conduction band gap 189
corrosion 195
crystal structure 179
decomposition 190, 203
density 183
diffusion,

atom self-diffusion coefficients 202
grain boundary 203
lattice 203
surface 203

electrical conductivity 179, 189
influence of temperature 189

epitaxial deposition 212
fibres, strength 184
fracture
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silicon carbide (cont.)
energy 184
toughness 184

Gibbs function of formation 176, 190
hardness,

indentation 184
Mohs scale 184

history 175
hot-pressing 198
impurity elements 189
industrial production 176
interfacial energies,

grain boundary 205
surface 205

lattice,
defects 202
parameters 181

melting point 178, 190
modulus,

bulk 183
shear 183
Young 183

oxidation, 191, 194, 228
active 194
natural oxide film 195, 205
passive 191

Poisson ratio 183
polytype stability 182, 190
polytypism 178, 180
pore shrinking, condition for 205
production 48, 176, 182
refractive index 178
single-crystal wafers 182
sintering (also see individual materials),

liquid phase 32
pore shrinkage, critical condition for 205
shrinkage 16, 28
solid state 20, 22, 29

strength, theoretical tensile 184
surface energy, see interfacial energy
thermal,

conductivity 185
expansion anisotropy 185
expansion coefficient 185
thermal shock, 187

critical quench temperatures 187
R-parameters 187, 188

stability 190
unit cell dimensions 181
“unsinterability” 198
vapour phase species 190
velocity of sound 234
wear 191
whiskers, strength 184
Young modulus 183

silicon carbide ceramics (also see individual forms),
48, 206, 207

applications, 225, 226
abrasive 48
armour 48, 233, 386
cutting and grinding 177, 229

diesel engine components 178
exhaust gas filters 225, 226, 231
gas pipeline seals 233
gas turbine 178, 234
general industrial 225
heat exchangers 228
heating element 189, 226
hot gas filtration 178, 225, 231, 387
internal combustion engine 177, 185, 234
kiln furniture 199, 225, 388
molten metal filter 231
maximum temperature,
service 195, 207, 227
surface 195

metal cutting and grinding 177
nuclear power industry 177, 200, 201, 234
paper-making 233
particulate filters 387
protective linings 199
pump seals 232
radiant heating 228
tiles, wear resistant 199

history 385
silicon carbide, chemical vapour deposited, see

silicon carbide, CVD
silicon carbide, clay-bonded 29, 222, 225
silicon carbide, CVD, 201, 224

botryoidal morphology 201
coatings 224, 234
density 225
electrical conductivity 225
fluidised bed coating 201, 224
hardness 225
microstructure 201, 224
production 224
strength 225
Young modulus 225

silicon carbide, hot-pressed,
critical quench temperature 187

silicon carbide, liquid phase sintered, 222
b-phase to a-phase conversion, 224
density 222
fracture toughness 223, 224
intergranular glass 223
microstructure 222
production 222
sintering additives 222
strength 222, 224
thermal expansion mismatch 223
Young modulus 222

silicon carbide, nitride-bonded, 199
oxidation 228

silicon carbide, pyrolytic, see CVD silicon carbide
silicon carbide, reaction-bonded, 200, 232

critical quench temperature 187
epitaxial growth of silicon carbide 212
fracture toughness 215
grain size 214
high-temperature loss of strength 214
microstructure 212
oxidation
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production 210
properties 214
reaction volume expansion 211
secondary silicon carbide 210
silicon content 212, 214

strength 214
thermal,

conductivity 216
shock behaviour 187

wear 215
Young modulus 214
silicon carbide, reaction-sintered, see silicon carbide,

reaction-bonded
silicon carbide, recrystallized, 199

bulk density 208
electrical conductivity 209
microstructure 208
oxidation 209
porosity 199, 208
production 208
strength 208
thermal conductivity 210
Young modulus 208

silicon carbide, self-bonded, see silicon carbide,
reaction-bonded

silicon carbide, siliconised, 200, 216,
microstructure 216

silicon carbide, solid state sintered, 202, 216, 232
bulk density 217
fracture toughness 219
graphite second phase 217
hardness 184
maximum temperature of use 219
microstructure 195, 212, 217, 233
production 216
sintering additives,
aluminium 206, 217
boron 206, 216
carbon 206, 216

strength 218
thermal,
conductivity 186, 219
shock 219

wear 191, 219, 233, 290
Young modulus 219

silicon diimide, source of silicon nitride 248
silicon dioxide (silica), 13, 50, 124

crystalline phases 50, 325
impurity, in zirconia ceramics 357
in silicon carbide production 176
phase conversion (displacive) 94
phase transformation (reconstructive) 94
protective films during oxidation 261, 263, 288
reaction with nitrogen 248
structure, schematic 196
surface films 195, 205, 261

silicon monoxide 47, 194, 248
silicon nitride,

a-silicon nitride solid solution, see a0-sialon
band gap 255
b-silicon nitride solid solution, see b0-sialon

bond lengths 292
bulk modulus 256
colour 255
corrosion 263
covalency 246
critical quench temperature 257
crystal structure, 251
a-phase 251
anisotropy 256
b-phase 251
reconstructive transformation 252, 266

CVD (also see CVD silicon nitride) 249
c-phase silicon nitride 246
densification,
additives 267, 269
hot-pressing 265
systems 268, 269

density 254, 256
diffusion coefficients 254, 272
dissociation 247, 260, 270
electrical conductivity 258
fracture toughness 256
d-phase silicon nitride 246
hardness 256
hot-isostatic pressing 267
internal combustion engine components 250
lattice dimensions 252
magnesium silicate, intergranular phase 266
modulus,
bulk 256
Young 256

nierite, meteroritic silicon nitride 247
nitrogen, equilibrium pressure 247
oxidation, 261
active oxidation 261
mechanism 261
passive oxidation 261
volume expansions 290

oxide protective films 261, 263
oxygen,
internal, in crystal lattice 263
powder impurity 249, 253, 263

phase,
in nitride-bonded silicon carbide 199

Poisson ratio 256
powder production, 247, 273
from silicon diimide 248
from silicon dioxide 248
from silicon tetrachloride 248
oxygen content 263
properties 249

pressureless sintering 270
production, by silicon nitridation 248, 273
reactions with,
aluminium 261, 277
ferrous alloys 260, 290

reconstructive transformation 252, 266
single-crystal strength 260
thermal,
conductivity 257
expansivity 257
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single-crystal strength (cont.)
shock resistance 257, 259
stability 260

thin films 249
unit cell dimensions 253
“unsinterability” 265
volatility, suppression 270
whiskers from silicon nitridation 273
Young modulus 256
silicon nitride, amorphous 18
silicon nitride, ceramics (also see individual forms),
applications, 296

aluminium processing 297
bearings 291, 300
cast iron 299, 300
diesel engine components 301
electrical heating element support 298
gas-turbine 301
general industrial 297
inert gas welding nozzle 298
internal combustion engine 250
machining
metal cutting 299
metal working 299
nickel-based alloys 300
pump components 297, 301
refractory 249
thermocouple sheaths 250, 297
turbocharger rotor 250, 302
valve lifting components 301, 303

history 249
silicon nitride, CVD 249
silicon nitride, hot-isostatic pressed, 267
in ball bearings 300

silicon nitride, hot-pressed, 265, 291
densification additives 266, 268
microstructure 266
production 265
strength 266

silicon nitride, reaction-bonded, 248, 265, 272
a/b-silicon nitride ratio 274
a-silicon nitride, oxygen content 253
a-silicon nitride whiskers 273, 277
density, bulk 277
electrical conductivity 277
exothermic, nitridation reaction 273
formation 273
fracture,

energy 282
toughness 282

hardness 279
microstructure 273, 277
oxidation 280
pore size 278
porosity 277
production mechanism 248, 273, 276
strength, 279

porosity relationships 280
temperature relationship 280

thermal,
conductivity 282

expansion coefficient 282
shock resistance 282

thermocouple sheathing 250
volume expansion, during silicon nitridation 276
Young modulus 278

silicon nitride, reaction-sintered, see silicon nitride,
reaction bonded

silicon nitride, sintered, 270, 282
annealing, post-densification 286
corrosion 288
crack bridging 283
creep 286
densification additives 266, 267
density 286
fracture toughness 286
grain boundary films 5, 7, 283
in situ reinforcement 283
intergranular silicate 266, 270, 289
microstructure 5, 282
oxidation, 288

protection 288
volume expansion 288

powder bed technique 271
production 282
R-curve behaviour 283
strength 286
thermal,

conductivity 287
expansivity 287
shock, critical quench temperature 287

transitory liquid, during sintering 272
wear, 290

sliding 290
tribochemical 290

Young modulus 286
silicon nitride, solid solutions, see sialons
silicon oxynitride (silicon nitride oxide),

barrier layer 261
bond phase in nitride-bonded silicon carbide 199
oxidation product of silicon nitride 261

silicon tetrachloride 248
silver, thermal conductivity 186
sintering (also see individual materials), 4, 20

liquid phase 32
shrinkage 16, 28, 84
solid state 20, 22, 29, 124, 357

skull melting, single crystal growth 347
slip, description 12
slip-casting, description 8, 12, 19
smoke filters 231
soapstone, see magnesium hydroxysilicate
sodium chloride,

high temperature oxidation 196
use in Acheson process 176

sodium oxide, 47, 122
basis for aluminosilicate systems 68, 125
corrodant for non-oxide ceramics 196

sodium zirconate, in zirconium dioxide, extraction
318

solubility–stress relationship (see also Ostwald
ripening) 32
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spalling 99
special ceramics, definition 56
specific surface area, definition 15, 71
spray drying of powders 18
steatite (soapstone), see magnesium hydroxysilicate
steel,

cutting 367
density 347
ultimate tensile strength 40

strain,
at failure 37
energy 335
shear 324, 336, 341

strength (also see individual materials), 37
bend 37
compression 38
distribution 41
porosity relationship 41
tensile 37
theoretical 38
ultimate tensile 40

stress,
critical 37, 39
intensity factor 39
residual 93, 119, 137

substrates, electrical 116
supercooled liquid 89
superheated water, influence on strength of zirconia

ceramics 353
surface

compression toughening 344, 345
energy see interfacial energy
stress 99

systems,
Al2O3–SiO2 73, 293
Al2O3–SiO2–Si3N4–AlN 292
CaO–Al2O3–SiO2 32, 78
CaO–SiO2 124
CaO–ZrO2 326
CeO2–ZrO2 326
K2O–Al2O3–SiO2 68, 76, 78
MgO–Al2O3–SiO2 272
MgO–Al2O3–SiO2–Si3N4 269, 272
MgO–SiO2 268
MgO–SiO2–Si3N4 268
MgO–ZrO2 326
Na2O–Al2O3–SiO2 32
Y2O3–SiO2–Si3N4 269
Y2O3–ZrO2 326

talc, talcum powder (also see magnesium
hydroxysilicate) 13, 50

teeth 386
thermal barrier layer, see zirconia ceramics
thermal conductivity, see individual materials
thermal expansion,

coefficients (also see individual materials) 43
mismatch stresses, 92, 95, 100, 101, 137
shock (also see individual materials), 44, 104
critical quench temperature 45
induced stresses 43, 92

R-parameters 46
“unsinterable” powders 198, 265

titanium carbide, composites 158, 391
titanium dioxide, delustrant 158
titanium tetrachloride 47
toughened glass 99, 345
toughening (also see zirconia ceramics,

toughening mechanisms) 40
toxicity 49
transformation induced plasticity (TRIP) 339
transition aluminas, see c-alumina
translucency 64, 124, 130
triaxial porcelain system 68
tribochemical wear see wear
tridymite (silicon dioxide) 50
triple point 34, 132
tungsten carbide 48
tungsten oxide 47, 48
twinning, see zirconium dioxide

uniaxial pressing, of powders 11
uranium carbide, nuclear fuel material 224, 234
uranium dioxide,
in pottery glazes 49
melting point 12
nuclear fuel material 49, 224, 234

uranium hexafluoride 47

van der Waals forces 69
viscosity, glass and liquid 82, 90
vitreous china 63
vitrification, vitrified 34, 65, 66, 83
void, elimination 21, 30

water,
corrosion of alumina ceramics 142, 154
degradation of zirconia ceramics 317, 372, 373
of crystallisation 22

wear (also see individual materials), 103, 386
abrasive 149
sliding 149
tribochemical 149

Weibull parameter (modulus) 41
whiteware, strength 67
wire-drawing dies 116
wollastonite (calcium monosilicate) 126
work of fracture (also see individual materials) 39

Young modulus (also see individual materials) 37
yttrium aluminium garnet 270
yttrium oxide,
hydrolysis 353
in a0-sialon 294
sintering additive for,

silicon carbide 222
silicon nitride 268, 269, 288
zirconium dioxide 362

yttrium oxide stabilised zirconia, see zirconia, yttrium
oxide partly stabilised

yttrium silicon oxynitride (melilite) 288
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zircon (zirconium silicate) 318
zirconia, calcium oxide partially stabilised (Ca-PSZ),

317, 359
aging 362
composition 359
strength 360

zirconia, ceramics, 355
applications, 366

ball bearings 370
bioceramics 370
cutting – fibres, paper 368
cutting tool inserts 367
degradation 353
die linings 316, 367
filters – molten metal 367
industrial refractory 315
internal combustion engines 372
knives 368
metal working 367
prostheses 370
pump components 368
thermal barrier coatings (TBC) 349, 372
transport 372
turbine engine, coatings 349, 372

composites 342, 356, 365, 367
creep 352
degradation by water 317, 353
dispersed oxide ceramic 365
duplex structures 358
electrical conductivity 316, 354
fracture toughening mechanisms 317, 340
fully stabilised 321
grinding, influence on strength 345
history 385
in vitro stability 373
intergranular silicate 347, 357
microcracking 343, 351
microstructures, duplex 358
non-transformable tetragonal phase, see t�-phase
oxide ion mobility 352
partially stabilised 317, 322, 359, 360, 362, 363
phase stability 352
properties 364
silicon dioxide, impurity 357
sintering 356, 357, 359
strength – influence of, 317

aging 360
temperature 352
water 317, 353

surface stresses 353
terminology 355, 356
thermal stability 351
transformation toughening 40, 338, 365
toughening mechanisms,

crack deflection 340
crack shielding 339
ferroelastic 345
microcracking 338, 340, 343, 344
surface compression 99, 344, 345

wear, 353, 368
sliding 353

tribochemical 353
zirconia, cerium oxide partially stabilised (Ce-PSZ),

363
composition 363
critical grain size 363
fracture toughness 363
microstructure 363
strength 363

zirconia, fully stabilised cubic, 356
electrical conductivity 354
lattice defects 354
oxygen mobility 355
oxygen pressure measurement 355

zirconia, magnesium oxide partially stabilised
(Mg-PSZ), 316, 360

aging 360
composition 360
fracture toughness 361
microstructure 360
strength 361

zirconia, partially stabilised (PSZ), 322, 358
sintering schedules 359

zirconia, tetragonal polycrystal (TZP), 362
composition 362
fracture toughness 363, 371
microstructure 362
stability 372
strength 363, 371
water induced loss of strength 353, 363, 372
wear 353
yttrium oxide stabilised (Y-TZP) 362

zirconia, toughened alumina (ZTA), 342, 356, 365,
367, 391

ceria stabilised, 366
fracture toughness 366
strength 366

commercial ZTA, 366
fracture toughness 366, 367
strength 366, 367

yttria stabilised, 365
fracture toughness 366
microstructure 365
strength 366

zirconia, toughened ceramics (ZTC), 365
microcrack toughening 365
transformation toughening 365

zirconia, yttrium oxide partly stabilised (Y-PSZ), 362
composition 362
microstructure 362

zirconium, oxidation states 315
zirconium diboride 52
zirconium diboride, electrical conductor 52
zirconium dioxide (also see zirconia ceramics),

athermal transformation 323
band gap 354
baddeleyite,

mineral 315
processing 317

bond lengths 319
covalency 319
crack,
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deflection 340
shielding 336, 339

crystal chemistry 319
cubic phase 319, 321
d-phase (Mg2Zr5O12) 326
density 320, 347
diffusion coefficients 357
electrical conductivity 316, 354
enthalpy of formation 330
entropy of formation 330
ferroelasticity 345, 325

ferroelastic switching 346
Gibbs function,

formation 315
transformation 329

hafnium dioxide impurity 318
hardness 348
interfacial energy 333, 334
ionic radii 319
lattice,

defects 332, 354
dimensions 320

martensitic (diffusionless) transformation 322
melting point 315, 321
microcracking 336, 340, 343, 351
monoclinic phase 319, 323
natural abundance 315
non-stoichiometry 315
non-transformable tetragonal phase, see t�-phase
orthorhombic phase 320
oxygen,

equilibrium pressure 315
ion mobility 354

phase,
equilibrium diagrams 325
nucleation 337
stabilisation 321, 328
stability 321
transformation (martensitic) 322

f-phases 326
Poisson ratio 348
polymorphism 316
powder,

analyses 357
production 317, 318

R-curve behaviour 341

refractive index 347
shear modulus 336, 348
single-crystal growth 347
stability 315, 351
t�-phase (non-transformable tetragonal phase) 322,

363
temperature,
critical transformation 328, 343
influence on phase stability 328

tetragonal phase 319, 322
tetragonal-to-monoclinic transformation,

50, 317
critical temperature 328, 343
enthalpy 330
grain size influence 332
grinding, induction 345
shear strain 324, 336, 341
strong transformers 342
subcritical 341
supercritical 341
temperature 343
toughening 338, 340
transformation enthalpy 330
volume,

change 324
strain energy 335

weak transformers 342
thermal,
anisometry 349
barrier layer 349
conductivity 349
critical quench temperature 351
expansion coefficient 349
hysteresis 323
R-parameters 350
shock 350

thermodynamic stability 315
twinning 336, 341
unit cell,
dimensions 320, 324
volume change 324
volume instability 316

Young modulus 347
zirconium oxychloride, in zirconium dioxide

extraction 318
zirconium silicate, see zircon
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