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Index

Acheson process, 347

advanced spin model, 38, 430, 431, 433, 440,
441

aliphatic hydrocarbons, 402

alkoxide process, 380

allomorphism, 104

aluminum nitride, 341

aluminum oxide, 215, 341

anion vacancy model, 122

antiferromagnetism, 230, 234

aromatic hydrocarbons, 402

Ashby-Verall mechanism, 272

atmospheric pressure CVD (APCVD), 398

bacterial anaerobic corrosion, 199

band gap, 53, 280

band structure, 54

Bayer process, 341, 347

BCS model Hamiltonian, 316

BCS theory, 280, 313

beryl, 98

binder, 350

bio-inspired mineralization, 151, 380, 408
biological materials, 427

biomimetic materials, 427

Bloch functions, 56

Bloch theorem, 54, 58

Boltzmann distribution, 127

Boltzmann entropy, 127, 138

bond, 16

— bridge, 16

— covalent, 16

- lonic, 16

— metallic, 16

— van der Waals, 16

bond sensitivity, 326

bond stiffness, 245

bond tetrahedron, 16

bond type, 59

Born-Oppenheimer approximation, 33, 37
Born-Oppenheimer separation, 33, 37, 326
Bragg condition, 54, 55, 58

Bragg diffraction, 55
brain, 218

Bravais lattices, 65
Bravais—Miller indices, 64
Brillouin zone, 54

brittle fracture, 260
Burgers vector, 111, 251
burnout, 357

calcination, 347

canonical ensemble, 127

capacitance, 218

carbon-thermal nitridation, 341

cation—anion radius, 20, 25

cation interstitial model, 122

ceramic magnet, 232

ceramics, 1

— definition, 1

chemical bond, 16, 326

chemical liquid deposition (CLD}, 380

chemical potential, 128, 130

chemical properties, 171

chemical vapor deposition (CVD), 341, 380,
398

clock generator, 220

closed pores, 143

closed system, 126

Coble creep, 256

coefficient of compressibility, 211

coherence length, 280

composite materials, 156

compression stress, 242, 248

conductance, 219

conduction band, 49-51

conductivity, 219

conductor, 49

configurational entropy, 127

Cooper pair, 280, 284

coordination geometry, 18, 21

coordination number, 18, 21

cordierite automotive catalytic converters,
150
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502 Index

corrosion, 199

- acids, 206

— carbon, 207

— fused salts, 206

— halogens, 207

— hydrogen, 207

— water vapor, 203

corrosion pit, 204

corundum, 78

Coulomb force, 22

Coulomb model, 24

covalent bond, 29

crack growth, 260

crack resistance, 270

creep, 150, 256

criterion of von Mises, 248

crystal orbital overlap population (COOP),
54

crystal systems, 65

cuprates, 272

Curie temperature, 220, 230

Curie-Weiss law, 231

Curie’s law, 231

cyclosilicates, 89

Debye interaction, 47
defect spinel, 78

density of states (DOS), 54
Desulfovibrio, 199
diamagnetic polarization, 230, 231
diamagnetism, 230
diamond, 74, 402, 404

— artifical, 402

— vapor-deposited, 402
diamond films, 402
dielectric constant, 33
dielectrics, 218

diimide process, 341

diode sputtering, 406
direct nitridation, 341
dislocation creep, 256
dislocation line, 111

dry bag press, 354

dry pressing, 354

duplex microstructure, 143

edge dislocation, 111

Einstein field equations, 476, 477

Einstein field theory, 476, 477

Einstein’s constant of gravitation, 459, 483
elastic constants, 241

elasticity, 238

electric conductivity, 49

electric flux density, 219

electric potential, 220
electrical conductivity, 328
electrical resistance, 280, 281
electromagnetic properties, 218
electron beam evaporation, 406
electron gas, 55

electron pair, 29, 32

electron scattering, 55
electronegativity, 16
elementary charge, 33

energy bands, 49, 327

energy release rate, 265
enthalpy, 126, 128, 130
entropy, 122, 126, 128, 130
epitaxy, 398

equation of geodetic lines, 476
extrinsic defects, 118
extruding, 355

failure condition, 264, 265
— Griffith, 264, 265

— Irwin, 264, 265

failure probability, 264, 265
faujastite, 103

Fermi energy, 50

Fermi gas, 55
ferrimagnetism, 230
ferroelectricity, 220
ferromagnetism, 230, 234
fiber optic cable, 236, 335
fluorite, 78

Fokker—Planck equation, 15
formation enthalpy, 122, 133, 196, 197
formation entropy, 122, 133
forming, 352

forsterite, 95

fracture, 260

fracture strength, 265
fracture toughness, 150, 264
free enthalpy, 128, 305
freeze casting, 156, 352-354
Frenkel defect, 111, 118
fuel cell, 15, 358, 376
fullerenes, 74

fully stabilized zirconia (FSZ), 104
future materials, 429

gahnite, 215

gallium arsenid (GaAs), 18, 49, 51, 78
GAM, 179

GAP, 179

gas pressure sintering, 151

gas sensor, 225



generalized Einstein field equations, 459-461,
476, AT7

generalized Einstein field theory (GEFT),
476, 477, 488

Gibbs entropy, 138

Gibbs free energy, 122

Ginzburg-Landau parameter, 307

Ginzburg—Landau theory, 280

glass phase, 364

gliding planes, 250

gmelinite, 102

goniometer, 55

grain, 143

grain boundaries, 64, 111, 143, 215

grain boundary layer, 149

grain boundary sliding, 272

grain deformations, 248

grain shape, 150

grain size, 150

grand canonical ensemble, 127

graphite, 47, 74, 327

— energy bands, 327

gravitational laser system, 12, 429

green body, 341

gridline, 64

grinding, 365

Griineisen model, 210, 211

Grineisen parameter, 211

hard ferrite, 232

hard machining, 365

hardness, 248

heat, 128

heat capacity, 126, 130, 280

heat flow density, 210, 211

heated-filament-assisted CVD (HFCVD),
402

Helmholtz free energy, 128

heteroepitaxy, 398

hexagonal close-packed lattice, 65

high pressure high temperature (HPHT)
procedure, 402, 404

high voltage insulator, 225

hip joint endoprosthesis, 1, 8

homoepitaxy, 398

hot gas corrosion, 203, 204

hot isostatic pressing (HIP), 359

hydrocarbon precursor, 402

hydrothermal oxidation, 341

ideal gas law, 15, 208
ignition plug, 225
information, 138
information entropy, 138

Index

infrared radiation, 210

injection molding, 355, 358
insulator, 49, 218

interfacial (surface) tension, 145, 149
internal energy, 128

intrinsic defects, 118

ion beam aided deposition (IBAD), 398
ionic bond, 22

— bond energy, 22

— lattice enthalpy, 27

irreversible deformations, 248
irreversible process, 126
isomorphism, 104

isostatic pressing, 354, 358

isostatic pressure, 243, 248

isotropic solid, 241

jump temperature, 274, 278, 330

Keesom interaction, 47
ketone, 402
Kubaschewski Ansatz, 131, 194

A sensor, 224

Lamé’s parameters, 240

Landau potential, 128

Lanxide process, 372

lapping, 365

lasering, 365

lattice constants, 64

lattice defect, 215

lattice enthalpy, 22, 27

lattice indices, 64

lattice parameter, 55

lattice plane, 64

lattice vector, 64

lattice vibrations, 210, 280, 284
laws of thermodynamics, 128

lead titanate zirconate (PZT), 220, 225
Lenz’s rule, 230

line defect, 111

linear fracture mechanics, 264
liquid crystals, 15

liquid-phase epitaxy (LPE), 398
liquid-phase sintering, 364

lithium aluminosilicate (LLAS), 216
loading mode, 264

London dispersion interaction, 47
London equations, 15, 280, 306
London penetration depth, 272, 280, 307
lonsdalite, 74, 78

LSGM ceramics, 372, 376

LSGZ ceramics, 376
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504 Index

macrocrack, 116

macropore, 116

Madelung constant, 27

magnesium aluminate spinel, 215

magnesium aluminosilicate (“cordierite”),
216

magnesium silicate, 95

magnetite, 232

magnetization, 231

magnetostriction, 232

martensitic transformation, 157

mass, 341, 347

mass fabrication, 347

Maxwell equations, 15, 305

Maxwell relations, 129

mean free phonon path, 210

mechanical properties, 238

Meifiner—Ochsenfeld effect, 272, 280

Meifiner phase, 272, 280

melting and casting, 380

metal matrix composite (MMC) structures,
156, 359

metal oxide varistor (MOV), 224

metallic alloy, 156

metallic bond, 49, 55

metalloid, 49

metals, 49

microcanonical ensemble, 127

microcrack, 104, 116, 270

micropore, 116

microporosity, 359

microstructure, 143, 150

microwave-plasma-assisted CVD
(MPACVD), 402

Miller indices, 64

mixed dislocation, 111

molar heat capacity, 130

molecular beam epitaxy (MBE), 398

molecular orbital, 29, 40

monocrystal, 64

monotropic transformation, 109

mullite, 215

Nabarro—Herring creep, 256
Navier—Stockes equations, 15
near-net-shape ceramic parts, 365
Néel temperature, 230

Nernst sensors, 224

nesosilicates, 89

neural network, 218

neutron scattering, 55
non-stoichiometric defects, 118
notch sensitivity, 264

Ohm’s law, 305

open pores, 143

open system, 126

order parameter relations, 284, 293
oxidation, 199, 200

— oxygen environment, 200

paraelectricity, 220
paramagnetism, 230
partly stabilized zirconia (PSZ), 104
Pauli principle, 280
Pauling rules, 20, 59
Pauling system, 16
Pechini method, 376
perovskite, 78

phase boundaries, 178
phase diagram, 172

— binary, 173

phase equilibria, 171
phase transformation, 64
phase transition, 108

— foreign ions, 108

— irreversibilities, 108
phenakite, 96

phonon, 210, 215, 280
phyllosilicates, 89
physical vapor deposition (PVD), 380, 406
« antibonding orbital, 327
7 bonding orbital, 327
piezoelectricity, 220
piezomagnetic effect, 232
planar defect, 111
Planck’s constant, 33
plasma-enhanced CVD (PECVD), 398
plasticity, 248
plastification mass, 350
Poinsot ellipsoid, 39

point defect, 111
Poisson’s ratio, 240, 241, 245
polarization, 218

— dielectric, 219
polishing, 365

polycrystal, 64
polymorphism, 104
polytypism, 109

pores, 215

porosity, 150

porous printing, 372
post-HIP, 359

potassium chloride, 24
powder, 341

powder fabrication, 341
powder preparation, 352
powder rolling, 358



Index 505

powder suspension, 350
precursor ceramics, 209
precursor thermolysis, 381
preparation, 157

pressure casting, 356

pressure sintering, 363
principal quantum number, 40
protective coatings, 199-202

— siliceous, 200

pulsed laser deposition, 406
pyrochlor-type phase, 179, 184
pyroelectricity, 220

quantum mechanics, 32
quartz, 60
quartz glass, 60

radius ratio, 20, 22, 59

reaction bonding, 372

reaction enthalpy, 122, 132

reaction entropy, 122, 142

reaction sintering, 372

reciprocal lattice, 54

refraction law, 237

refractive index, 237

remote plasma-enhanced CVD (RPECVD),
398

resin transfer molding (RTM), 156

resistance, 219

resistivity, 219

reversible deformations, 238

reversible process, 126

rigid unit modes (RUMSs), 216

roll compaction, 355

rutile, 78

sandwich structure, 89

scanning electron microscope (SEM), 157

Schottky defect, 111, 118

Schrodinger’s theory, 54

Schrodinger equation, 33, 40, 54

screw dislocation, 111

secondary phase, 215

seed crystals, 64

self-propagating high-temperature synthesis,
373

self-healing effect, 104, 270

self-evolutional nanostructures, 151

semi-conductor, 49-51, 218, 225

semi-metals, 49

shear modulus, 240

shear stress, 238, 243, 248

silica gel process, 380

silicate, 89

— two-layer, 89

silicate glass, 61

silicon nitride, 341

sinter forging, 359

sintering, 151, 357

sintering equation, 131

slip, 356

slip casting, 352-354

sodalite, 101

sodium discharge lamps, 150
soft ferrite, 232

sol, 380

sol-gel processes, 380

solid electrolyte, 224, 225
solid solution, 122

solid-state sintering, 364
soliton, 111

sorosilicates, 89

specific heat capacity, 128, 130
spin, 38, 51, 280

— antiparallely oriented, 280
spin exchange interaction, 234, 235
spinel, 78

sputtering, 406

stamping, 365

Stern layer, 351

stiffness tensor, 240
stoichiometric defects, 118
stoichiometry, 59

strain tensor, 128, 240

strains, 240

strength, 260

stress, 240

stress intensity factor, 260, 265
stress tensor, 128, 240
structure prototype, 74
substitutionally mixed crystal, 118
substrate, 225
superconducting phase transition, 307
superconductivity, 272, 280

— critical temperature, 272
superconductor, 272

— type I, 272

— type II, 272

superparticles, 284, 294
superplasticity, 272

surface energy, 265

talc, 89, 100

tape casting, 352, 354, 358

tectosilicates, 89

tensile stress, 238, 242, 248, 272

tensor of inertia, 39

tetragonal zirconia polycrystal (TZP), 104



506 Index

thermal conductivity, 210, 211

— dependencies, 215, 216

thermal entropy, 127

thermal evaporation, 406

thermal expansion, 211

thermal properties, 210

thermal shock, 260

thermistor, 224, 225

thermochemical topologies, 171

thermodynamic potential, 128

topaz, 97

transmission electron microscope (TEM),
157

transverse vibrational modes, 216

triode sputtering, 406

triple junction, 143

twin, 114, 143

uniaxial hot pressing, 359
unit cell, 64

valence band, 49-51

valency, 20, 59

van der Waals bond, 47

van der Waals equation, 15
van der Waals interaction, 47
van der Waals radius, 47
vapor-deposited diamond films, 402
varistor, 224, 225

vector potential, 305
Vegard‘s slope, 179

Vickers hardness, 248
Vickers indentations, 248

voltage dependent resistor (VDR), 224
volume defects, 111

von Neumann entropy, 138

vortices, 272

wafer coating, 398
wave—particle systems, 29, 33, 111
wavefunction, 29, 53

Weibull distribution, 264, 265
Weibull modulus, 264

Weiss domain, 220, 230

wet bag press, 354

wetting angle of contact, 145
work, 128

wuestite, 124

wurtzite, 78, 104

X-ray diffraction, 55

YAG, 179

YAM, 179

YAP, 179

YBCO, 274, 275

Young’s modulus, 240, 265
yttrium iron garnet, 232

zinc blende, 78, 104

zircon, 94

zirconium oxide, 179, 341, 380
zirconium oxide (ZrO2) polymorphs, 104
zirconium silicate, 94

zone scheme, 53

— reduced, 53





