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kinetics, 35, 47, 48, 181
Kingery, W. David, 30, 442
kink, 206, 214, 215, 216, 227, 239
Kirchhoff, Gustav Robert, 151
Kirchhoff’s law, 141
Kirkendall effect, 449
KNbO3, 102
KNO3, 487
Kröger, Ferdinand Anne, 199
Kröger-Vink notation, 183, 187, 200, 540, 

547, 628
Kroto, Sir Harold W., 118
kyanite (Al2OSiO4), 72, 77, 100, 350, 663

L
La Farge, John, 397
labradorescence, 662
labradorite feldspar, 660, 662
Lalique, René, 479
Lambert’s law, 577
LaMer diagram, 364
laminated glass, 473
lanthanum phosphate (LaPO4), 112
Lanxide process, 375, 376
lapis lazuli, 652, 660
laser Raman microprobe, 165
lattice energy, 51, 55
lattice misfit, 272, 282, 454
lattice mismatch, 505, 594
lattice parameter, 71, 87, 101, 122, 192, 211, 

323
lattice points, 71, 72, 75
lattice spacing, 327
Laue technique, 171
Le Chatelier, Henry, 134
Leach, Bernard Howell, 424
lead iron niobate (PFN), 565
lead iron tungstate (PFW), 565
lead magnesium niobate (PbMg1/3Nb2/3O3 or

PMN), 565
lead oxide (PbO), 20, 25
lead ruthenate (Pb2Ru2O6), 490
lead titanate (PbTiO3), 570
lead zirconate (PbZrO3), 570
lead zirconate titanate (PZT), 7, 27, 400, 

570, 572, 624
lead, 22
lead-crystal glass, 382
Lennard-Jones potential, 64
Lenz, Heinrich Friedrich Emil, 617
Libbey-Owens process, 469
Libyan desert glass, 394, 399
ligand field, 580, 660
lime, 22
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line defects, 202
Lipperhey, Hans, 397
liquid-crystal templating (LCT), 440
liquid-phase sintering (LPS), 139, 146, 319, 

678
liquidus, 121, 122, 123, 128
litharge (PbO), 370
lithium fluoride (LiF), 53, 57, 58, 310, 311, 

316
lithium niobate (LiNbO3), 516, 565
lithium, 39
lithium-alumino-silicates (LAS), 632
Littleton, Harvey K, 479
load-displacement curve, 301
lodestone, 598
Lomer-Cottrell dislocation, 218
London, Fritz, 617
London, Heinz, 617
long-range order (LRO) , 83, 100, 379, 380, 

387
Lord Rayleigh. See Strutt, John William
Lorentz force, 611
Lorentz-Lorentz equation, 578
low-energy electron diffraction (LEED), 

174, 236, 238
low-energy electron microscopy (LEEM), 

240
lowest unoccupied molecular orbital 

(LUMO), 66
low-temperature isotropic (LTI) carbon, 

646–7
low-temperature superconductors (LTSC), 

551–54
Lubbers, John, 382
Lubbock, John, 17
Lucalox, 27
luminescence, 588

M
machinable glass-ceramics (MGC), 338
Madelung constant, 54, 55, 66, 84, 242
Madelung, Erwin, 69
maghemite, 102, 615, 616
magnesite (MgCO3), 26, 352
magnesium fluoride (MgF2), 580
magnesium hydroxide (Mg(OH)2), 352
magnesium oxide (MgO, magnesia), 8, 26, 

27, 52, 55, 56, 64, 72, 74, 77, 84, 86–8, 
123, 158, 208, 215, 218, 226, 232, 239, 
250, 255, 261, 262, 265, 268, 271, 
307–10, 313, 314, 316, 319, 323, 326, 330, 
340, 352, 432, 435, 436, 446, 452, 504, 
547, 585, 630

magnetic behavior, 619
magnetic dipole, 599
magnetic domains, 610
magnetic ferrites, 27
magnetic flux density, 601
magnetic force microscopy (MFM), 610, 

611
magnetic levitation (maglev), 603, 681
magnetic materials, 598

magnetic moment, 599
magnetism, 598
magnetite (Fe3O4), 35, 82, 130, 446, 598, 

606, 615, 668
magnetoencephalography (MEG), 603
magnetoplumbite structure, 607
magnetoplumbite, 110, 608
malachite, 660
manganates, 120, 598, 616
markers, 452
MARVIN, 200, 242
mass spectrometry, 172
Matthews, John, 267
Maurer, Robert, 27
Maxwell, James Clark. 177, 596
Maxwell’s equations, 576, 586
mayenite, 111
Megaw, Helen Dick, 118
Meissner effect, 602, 603, 617
Meissner, Walter, 617
melaconite, 93
Mergules viscometer, 383, 406
metal oxide semiconductor field effect 

transistor (MOSFET), 499, 549
metal oxides, 9, 146
metal-matrix composites (MMC), 359, 374, 

375, 376, 681
metal-oxide-semiconductor (MOS), 549
metals, 3–5, 56, 57, 63, 64, 67, 68, 71, 83, 

84, 120
metasilicates, 107
Mg2SiO4, 77, 210
MgAl2O4, 101, 252, 265, 268, 315
MgCO3, 26
MgF2, 93
MgFe2O4, 511
MgIn2O4, 158, 453
MgO smoke experiment, 250, 267
MgSiO3, 103
mica, KAl3Si3O10(OH)2, 19, 100, 108, 348, 

349, 365, 439, 475, 567, 585
microdiffractometer, 171
microelectromechanical systems (MEMS), 

7, 27, 407, 410, 411, 485, 556, 572
microprobe, 449
microstructure, 3, 5, 8, 154
Miller indices, 75, 76
Miller, William Hallowes, 85
Miller–Bravais indices, 75, 76, 94, 95
milling, 360–1
mineral formation, 345
mirror plane, 72
miscibility gap, 133, 386
misfit dislocation, 282
misplaced atoms, 182
Mn0.4Zn0.6Fe2O4, 5
MnO, 195
MnO2, 25, 93, 392
mobility, particle, 487
modified chemical-vapor deposition 

(MCVD) process, 587
modulus of rupture (MOR), 298, 307

Mohs scratch hardness scale, 294, 663, 
667

Mohs scratch test, 674
Mohs, Fredrich, 306, 673
Moissan, Ferdinand Frédéric-Henri, 98, 

357, 673
moissanite, 71, 91, 653, 664
molar heat capacity, 620
moldavite, 394
molding, 423
molecular dynamic (MD), 82, 84
molecular orbitals, 58, 59, 66
molecular-beam epitaxy (MBE), 481, 494, 

502
molten carbonate fuel cell (MCFC), 545
molybdenite, 95
molybdenum carbide (Mo2C), 63, 686
molybdenum dioxide (MoO2), 686
molybdenum disilicide (MoSi2), 145, 439
molybdenum sulfide (MoS2), 62, 65, 87, 95, 

96, 211, 296
molybdenum trioxide (MoO3), 146
molybdenum, 146
monazite, 71, 72, 111, 446
monticellite, (Ca(Mg,Fe)SiO4), 106, 210, 

458
montmorillonite, 109, 439
moonstone, 662
Morse, Samuel, 152
Mossbauer analysis, 177
Mössbauer spectrum, 167
Mössbauer, Rudolf, 176
muffle glass, 470
Müller, Karl Alexander, 28, 30, 31
Mullins, William W., 267
mullite, 111, 348, 350, 357, 375, 462, 

466
multilayer chip capacitor (MLCC), 566, 

568, 643, 678, 687
muscovite mica, 346, 349, 357
Mynon, pit of, 24

N
Na2O, 117, 134
Na2SO4, 468
Nabarro, Frank Reginald Nunes, 323
Nabarro-Herring creep, 318, 323
Nabarro-Herring source, 217
NaCl, 52, 53, 54, 55, 56, 57, 58, 71, 74, 77, 

78, 81, 87, 88, 89, 183, 190, 197, 198, 
208, 209, 214, 215, 226, 265, 310, 313, 
468

nanobioceramics, 647
nanoceramics, 7, 8, 12
nanoindentation test, 301
nanomaterials, 441, 636
nanoparticles, 228, 241, 242, 250, 273, 360, 

365, 376, 409, 441, 616
nanotubes, 113, 114, 160
NbN, 63
Nd2O3, 191
Nd-YAG laser, 589
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near-field scanning optical microscopy 
(NSOM), 156, 157, 236, 244, 478

Néel, Louis, 27, 598
Neri, Antonio, 382
Nernst-Einstein equations, 198
neutron activation analysis (NAA), 175
neutron scattering, 172
NiAl, 88, 185
NiFe2O4, 184, 271, 275, 511
NiO, 47, 123, 159, 160, 195, 236, 251, 252, 

254, 257, 265, 271, 273, 277, 456
nitrides, 63, 113, 120
nitrum, 381
nodes, 218
Nomarski, 156
Norton, Frederick Harwood, 152
nuclear energy, 26
nuclear magnetic resonance (NMR), 165, 

166, 177, 279, 370
nucleation, 233, 276

O
obsidian, 15, 358, 379, 380, 394, 653
Ochsenfeld, Robert, 617
Oersted, Hans Christian, 599, 617
Ohm’s law, 141
olivine, 106, 209, 268, 346, 669
Onnes, Heike Kamerlingh, 554
opal, 428, 585, 653, 660, 666
optical fibers, 25, 27, 586–88
optical transparency, 593
orbital hybridization, 63
orbital motion, 599
ores, 277–80
orientation, 313
Orowan equation, 326, 327
Orowan, Egon, 340
orthoclase (KAlSi3O8), 548
Orton cones, 150
Orton Jr., Edward J., 30, 152
Ostwald ripening, 231, 272, 409, 427, 438
Ostwald viscometer, 405
Ostwald, Wilhelm, 410
outside vapor-phase oxidation (OVPO), 586
Owens, Michael, 382, 479
oxides, 87, 88, 92, 93, 120, 228, 236
oxygen partial pressure (pO2), 120, 121, 

126, 130, 131, 188, 191, 195, 196
oxynitrides, 120

P
paper clay, 422
paraelectric, 562, 563
parallel electron energy-loss spectra 

(PEELS), 172
Paris-Erdogan equation, 332
partial dislocations, 252
partially stabilized zirconia (PSZ), 28
particle growth, 276, 454
particle-induced X-ray emission (PIXE), 

169
particles, 269, 270, 272, 276, 360

Pascal, Blaise, 397, 505
paté de verre, 434, 477
Pauli exclusion principle, 39, 604
Pauli paramagnetism, 603
Pauli, Wolfgang, 49
Pauling, Linus Carl, 49, 71, 76, 77, 79, 85, 

86
Pauling’s classification, 45
Pauling’s rules, 71, 76, 82–4, 87, 88, 94, 

98, 104, 119, 126, 562
Pb(ZrxTi1-x)O3, 7
PbO, 25, 391, 492, 684
PbS, 208, 310
PbTe, 310
PbTiO3, 391, 565
Pearson, 81
Pechini method, 364, 377
pegmatites, 353
Peierls barrier, 216
Peierls valley, 216, 217, 222
Peierls, Sir Rudolf Ernst, 222, 625
Peierls-Nabarro force, 222, 323
Peirels-Nabarro stress, 313, 315
periclase (MgO), 26, 88, 352
peridot, 653, 669
peridote, (Mg0.9Fe0.1)2SiO4, 106
perovskite structure, 565
perovskite, 100, 102, 103, 112, 118, 119, 

448
Perrot, Bernard, 382, 397
P-glass, 499
phase boundaries (PB), 269–70, 277, 440, 

444, 448, 449, 451, 454, 455
phase diagrams, 120, 121, 386, 570, 516
phase rule, 47
phase transformations, 71, 139, 148, 276, 

444–45, 447, 459, 619
phlogopite mica, 109, 357, 475
phonon (lattice transport), 619
phonon, 624
phosphor, 588
phosphorescence, 585, 588
phosphorus, 25
phosphorus-doped glass, 499
photochromic glass, 474
photoelectrochemical (PEC) solar cells, 

687, 688
photoelectron spectroscopy (PES), 174
photosensitive glass, 474
phyllosilicates, 349
physical vapor deposition (PVD), 494, 572, 

580
Piccolpasso, Cipriano, 150, 391
piezoelectric effect, 103, 556
piezoelectric materials, 507
piezoelectricity, 71, 84, 569
pigments, 581
Pilkington, Sir Alastair, 26, 30, 382
pillared interlayered clays (PILC), 439
pinning, 315
Pittsburgh process, 469
plagioclase feldspar, 662

planar defect, 205, 206
Planck’s constant, 624
plasma spraying, 485, 645
plaster of Paris (2CaSO4.H2O), 24, 653
plastic deformation, 296, 309, 313, 314, 325
plastic forming, 412
plasticity, 299, 309–23, 413
plasticizer, 413
platelets, 359, 365
pleochroism, 658
Pliny the Elder, 24
PLZT, 5, 8, 591–94, 597
pneumoconiosis, 22
Pockels effect, 590, 592
point defects, 87, 181, 183, 185, 187, 189, 

191, 194, 199, 200, 202, 323, 387
point groups, 75
Poiseuille, Jean Louis Marie, 397
Poisson, Siméon Denis, 306
Poisson’s ratio, 203, 292, 301
polarizability, 578
polaron, 533
pole fi gure, 171
polishing, 339
polymer-matrix composites (PMC), 374, 

359, 376, 681
polymers, 3, 5
polymorphs, 48, 81, 82, 84, 96, 105, 111, 

154
polytope, 118
polytypes, 96, 97
polytypoids, 96
porcelain enamel, 6, 7, 632, 677
porcelain, 18–20, 47, 548
porcelains, felspathic, 648
pores, 269, 270, 285, 319
porosity, 319, 278, 295, 583, 613, 626, 643
porous coating, 536
positive temperature coefficient (PTC), 534
potassium dihydrogen phosphate 

(KH2PO4), (KDP), 27, 157
pottery, 19–21, 439, 459, 632
powder compaction, 412
Powder Diffraction File (PDF), 170
powders, 359–65, 400, 407
pozzolana, 22
precipitate-free zones (PFZ), 274
precipitation, 363, 448
presuure enhanced CVD, 572
primitive cell, 71, 72
primitive lattice, 72
proportional limit, 309
proton exchange membrane (PEM) fuel 

cells, 686
pseudo-potential, 84
pulsed laser deposition (PLD), 453, 503
pumice, 232, 279, 395
pyralspites, 669
pyrite, 92
pyrochlore (CaNaNb2O6F), 565
pyroelectric effect, 556
pyroelectricity, 572
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pyrolusite, 25
pyrolytic carbon, 649
pyrometers, 149
pyrometric cones, 150
pyrope garnet, 660
pyrope, 669
pyrophanite (MnTiO3), 345
pyrophyllite, 65, 521
pyroxene, 109, 110
PZT, see lead zirconate titanate 407, 410, 

411, 445, 570, 572

Q
quadruple junctions (QJ), 246, 261–263, 

280, 433
quantum numbers, 35–9, 50
quartz, (SiO2), 19, 20, 48, 66, 105, 177, 

220, 221, 255, 346–9, 353, 358, 361, 475, 
507, 548, 571, 621, 630, 652, 661, 667, 
669

quartz, cryptocrystalline, 15
quaternary diagrams, 132

R
Rakuyaki, Chojiro, 397
Raman spectra, 164
Raman spectroscopy, 164, 165, 176
Raman, Sir Chandrasekhara Venkata, 176
Ramsdell notation, 96, 132
Raoult’s law, 122
rapid prototyping (RP), 420
Ravenscroft, George, 30, 382
Rayleigh scattering, 164, 588
reaction-barrier layer, 456
reaction-bonded silicon nitride (RBSN), 27
reactive bonding, 490
reactive evaporation (RE), 501
reactive sputtering, 501
Read-Shockley formula, 250
recrystallization, secondary, 437
recycling, 683
red lead (Pb3O4), 370
reflection electron microscopy (REM), 239, 

240
reflection high-energy electron diffraction 

(RHEED), 162, 176, 236, 238
reflection, 577
reflectivity, 579
refraction, 577, 578
refractive index, 577, 578, 656
refractories, 4, 6, 7, 14, 25, 120, 358, 466, 

467, 621, 677
Reid, A., 37
ReO3, 4
residual stress measurement, 165
Reuss model, 295, 308, 310
Reynolds number, 367, 377
Reynolds, Osborne, 377
rhinestones, 667
rhodolite, 669
Richard’s rule, 621, 623
Ringer, Sidney, 306

Ringer’s solution, 296
Rochelle salt, 573
rocks, igneous, 346, 349, 353
rocks, metamorphic, 346, 349
rocks, sedimentary, 347
rocksalt structure, 310, 605
rocksalt, 88, 126, 183, 265
Rohl, A.L., 200
Rohrer, Heinrich, 176, 243
rotation axis, 72
ruby laser, 589
ruby, 507, 510, 575, 652, 653, 654, 660, 

662, 665
Rupert, Prince of Bavaria, 397
ruthenium dioxide (RuO2), 490
Rutherford backscattering spectrometry 

(RBS), 162, 168, 169, 450
Rutherford, Ernest, 177
rutile (TiO2, titania), 93, 94, 239, 274, 347, 

353, 664

S
safety glass, 473
sand, 24, 683
sapphire, 94, 95, 209, 210, 215, 235, 249, 

264, 268, 270, 301, 327, 450, 458, 507, 
509, 513, 516, 652, 653, 654, 660, 661, 
662, 665, 669, 670

scanned probe microscopy (SPM), 161, 235
scanning Auger microscopy (SAM), 174
scanning electron microscopy (SEM) 

image, 389, 395, 595, 666
scanning electron microscopy (SEM), 23, 

235, 237, 239, 241, 262, 278, 279, 366, 
449, 455, 501

scanning tunneling microscopy (STM), 
161, 236, 240, 263, 571, 610

scapolite, 585
scattering, 162, 171
scheelite, 585
Scherrer equation, 369
Schmalzried, Hermann, 461
Schmid-Viechnicki method, 516
Schott, Otto, 382, 479
Schottky defects, 265, 268, 619
Schottky formation energy, 194
Schottky, Walter, 199
Schrieffer, John Robert, 554
Schrödinger wave equation, 37
Schrödinger, Erwin, 49
Schultz, Peter, 27
screen-printing, 488
Seabright, C.A., 596
secondary electrons (SEs), 158
secondary ion mass spectroscopy (SIMS), 

172
sedimentation, 367
Seebeck, Thomas Johann, 149, 152
seeding, 438
Seger, Hermann A., 30
Seignette, Pierre, 573
selected area diffraction (SAD), 162, 168

self-energy, 253
semiconductor devices, 498
semiconductors, 3, 4, 12, 67, 68, 83, 89, 90, 

91, 92, 93, 183, 192, 208, 226, 255, 270, 
537, 632

shaping, 412, 422, 438, 463
shear modulus, 203, 292, 301
shear stress, 313
Shockley partial dislocations, 206
short-range order (SRO), 83, 380
SiAlONs, 113, 118
Siegbahn, Kai, 98
Siegbahn, Karl Manne, 98
Siemens, C.W., 382
Siemens, F., 382
sieving, 366, 376
silane (SiH4), 677
silica (SiO2), 4, 6, 96, 100, 105, 116, 125, 

301, 348, 351, 466
silica glass, 379
silicates, 100, 101, 104, 105, 107
silicon carbide (SiC), 4, 5, 7, 62, 64, 66, 

68, 71, 89, 96–7, 144–5, 151, 182–3, 211, 
220, 269, 282, 296, 308, 322, 327, 354, 
364–5, 415, 427, 428, 522

silicon dioxide (SiO2), 5, 15, 20, 22, 48, 
100, 122, 125, 134, 136, 177, 269, 391, 
396, 498, 549, 568, 572, 579, 666, 683

silicon nitride, (Si3N4), 5, 7, 27, 113, 259, 
260, 262, 266, 296, 303, 304, 354, 355, 
364, 376, 415, 498, 568, 572, 677, 678

silicon oxynitride (Si2N2O), 119
silicon, 157
sillimanite, 100, 351
silver bromide (AgBr), 182, 186, 200
simple-cubic (sc) lattice, 87, 88
Simpson, Edward, 30
single-edged notched beam (SENB), 298–9
single-walled nanotube (SWNT), 114
sintering, 139, 225, 248, 270, 350, 360, 413, 

427–29
SiO4, 104, 113
skull melting process, 514, 515
Slater-Bethe curve, 604
slip, 310, 314, 413
slip bands, 311
slip casting, 417, 450
slip planes, 209
slip systems, 310, 312, 314
slurry, 412, 413, 482, 492
Smalley, Robert E., 118
smectite, 109
Snell’s law, 586
SnO2, 5, 93, 391
Snoeck, J.J., 598
soda-lime silicate glass, 464
sodalite, 115
sodium carbonate (Na2CO3), 463
sodium vapor lamp, 584
sol-gel process, 363, 359, 364, 371, 377, 

400–401, 403–6, 474, 484, 594, 646
solid casting, 418
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solid freeform fabrication (SFF), 420
solid solutions, 187
solid-oxide fuel cell (SOFC), 28, 32, 181, 

545
solid-state laser, 575, 589, 597
solid-state reactions, 444, 445, 449
solid-state sintering, 428
solidus, 123
solubility, 363
solvus lines, 121
space group, 81
spark source mass spectrometry (SSMS), 

172
specific heat, 620
spectroscopy, 154, 163
spectroscopy, IR, 163, 164
spectroscopy, Mössbauer, 155, 163–7, 172
spectroscopy, NMR, 165
spectroscopy, Raman, 163, 164
sphalerite (ZnS), 353, 585, 656, 660
spherulites, 281
spin coating, 484
spin, 599
spinel, 101, 102, 106, 110, 118, 127, 161, 

162, 182, 211, 213, 218, 227, 228, 239, 
253, 254, 255, 256, 258, 268, 274, 311, 
450, 454, 456

spinels, 668
splat quenching, 380
Spode, Josiah, 20, 424
spodumene, 109, 110
spray drying, 362
spraying, 485
sputtering, 501, 594, 645
SrO, 242
SrTiO3, 102, 160, 364, 552, 565
stacking fault (SF), 205, 253
stacking-fault energy (SFE), 206, 211, 212, 

218, 253
standard test method, 383
static fatigue, 331
steel, 3, 7, 14, 25
Stefan-Boltzmann constant, 150, 625
Stefan-Boltzmann law, 149
stereolithography (SLA), 420
steric hindrance, 482
Stirling’s approximation, 185
stishovite, 93
Stokes law of fluorescence, 585
Stokes scattering, 164
Stokes, Sir George Gabriel, 177, 377
Stokes’ law, 367–8, 467, 487
Stookey, S. Donald, 27, 382, 479
strain, 289, 330
strain energy, 204, 206
strain fields, 157, 204
stress birefringence, 579
stress corrosion cracking (SCC), 331
stress intensity factor, 293, 329
stress rupture, 331
stress shielding, 639
stress, 289, 313, 315, 330

stress-probability-time diagrams (SPT), 
305

stress-strain curves, 290, 296, 310, 314, 335
structure, 154, 181, 211
structure, antifuorite, 92
Strukturbericht, 81, 85
Strutt, John William (Lord Rayleigh), 177
sublattice, 88
substitutional defects, 183
substrate, 504
superconducting quantum interference 

devices (SQUIDs), 603
superconductivity, 63, 113, 551, 681
superconductors, 113, 120, 197, 242, 255, 

265, 601
superconductors, non-metallic, 552
superplasticity, 322
surface charge, 242
surface diffusion, 228
surface energy, 224, 225, 226, 327, 328
Surface Evolver, 242
surface stress, 225
surface structure, 227
surface tension, 225, 230, 284
surface-enhanced Raman scattering 

(SERS), 165
surfaces, 224–25
surfactants, 231, 284
symmetry, 71, 72, 74, 75, 82, 84, 85, 86
Synge, E.H., 244
Système International d’Unités (SI), 10, 11, 

12, 124, 347, 383, 600, 619

T
talc, 211, 212, 296, 683
tantalite, 683
tantalum nitride (TaN), 490
tantalum pentoxide (Ta2O5), 683
tanzanite, 659, 660, 669
tape casting, 481–84, 482, 483, 492, 568
tektites, 394
Teller, Edward, 369, 376
temperature coefficient of resistivity (TCR), 

491, 534, 536, 541
temperature stability, 536
tempered glass, 473
tenorite, 93
tensile strength, 297, 328
tensile stress, 579
tensile test, 296
tension, 297
tephroite (Mn2SiO4), 106
ternary systems, 128
tetragonal zirconia polycrystals (TZP), 28
thallates, 113
theoretical strength, 327
thermal analysis, 154, 175
thermal barrier coatings (TBC), 269, 446, 

461, 621
thermal conduction, 4, 9, 91, 147, 260, 266, 

415, 619, 624–28, 653, 663
thermal conduction module (TCM), 438

thermal etching, 219
thermal shock resistance, 633
thermally grown oxide (TGO), 446
thermistors, 541
thermochemical processing, 685
thermocouples, 149
thermodynamic equilibrium, 248
thermodynamics, 35, 45, 47, 48
thermogravimetric analysis (TGA), 176, 

177
thermoluminescence, 585
thick-film circuits, 488–92
thin films, 264, 481, 494
thin-film diffractometer, 170
ThO2, 112, 184, 435
Thomas Sidney Gilchrist, 25
Thompson-Freundich equation, 461
Thomsen, Christian, 17
Thomson, George Paget, 37, 49, 98
Thomson, Joseph John, 48, 49, 98
Thomson, William (Lord Kelvin), 634
TiC, 63, 208, 315, 354
tiger-eye, 661
tilt boundary, 247, 253, 261, 268, 436
tilt, 254, 268
tin oxide (SnO2), 145, 652
TiN, 5, 63, 219
TiO, 534
titanates, 93, 362
titania (TiO2), 87, 93, 95, 161, 315, 353, 

351, 391, 487, 687
TlBr, 88
TlCl, 88
tobermorite, 23
Tomimoto, Kenkichi, 424
topaz, 660, 667, 670
Torricelli, Evangelista, 505
total internal reflection (TIR), 586
toughened glass, 473
toughening, 325, 335
tourmaline, 107, 108, 652, 668
Trancrede de Dolomieu, Guy S, 479
transgranular (or cleavage) fracture, 333
transition metal borides, 63
transition metal carbides, 63, 89
transition metal nitrides, 89
transmission electron microscopy (TEM) 

image, 390, 430, 680, 687
transmission electron microscopy (TEM), 

121, 146, 191, 207, 221, 235, 237, 238, 
240, 251, 257, 259, 262–4, 274, 278, 366, 
369, 370, 380, 436, 449, 454, 455, 457, 
501, 537, 611, 655

transparency, 577
triboluminescence, 585
tricalcium phosphate (TCP), 7, 636, 643, 

645
tridymite, 48, 105, 111
trinitite, 395
triple junctions (TJ), 246, 261–264, 267, 

268, 270, 275, 280, 433, 435
triple points, 439
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tsavorite, 660
tungsten carbide (W6C), 3, 356
tungsten oxide (WO3), 258
tungsten, 146
turbostratic carbons, 647
turquoise, 653
twin boundaries, 247, 255–8, 268, 447, 561
twist boundary, 223, 247–8, 253, 261

U
ugrandites, 669
ultrasonic testing, 301
ultra-violet photoelectron spectroscopy 

(UPS), 174
unit cell, 71, 76, 83, 112
uraninite, 685
uranium dioxide (urania, UO2), 26, 87, 92, 

184, 194, 227, 277, 279, 685
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Details for Figures and Tables

This list summarizes the sources used for images and the 
origin of data used in tables and diagrams. Where pos-
sible, the original source for each fi gure is given, but on 
many occasions the fi gures have been so widely used in 
the literature that the original source is not known to us; 
in theses cases, when new diagrams have been created, no 
citation is given in this list. We will add information 
regarding original citations to the web site as it becomes 
available. Images obtained by our students, postdocs or 
colleagues in collaborative research with the authors but 
not published elsewhere are denoted here by the author’s 
initials; those obtained by the authors are not attributed 
further.

Chapter 1

Figure 1.2 Data from Evans, A.G. and Davidge, R.W. 
(1969) “Strength and fracture of fully-dense polycrystalline 
MgO”, Phil. Mag. 20, 373. http://www.tandf.co.uk/journals
Figure 1.3 Courtesy of Sandia National Laboratory.
Figure 1.4 McKernan, S., MGN & CBC.
Figure 1.5 Data from Kingery, W.D., Bowen, H.K., and 
Uhlmann, D.R. (1976) Introduction to Ceramics 2nd Ed., 
p. 1008.
Figure 1.6 Data from Moulson, A.J. and Herbert, J.M. 
(1990) Electroceramics, Chapman and Hall, London, 
p. 215.
Table 1.3 From the NIST Reference on Constants, Units, 
and Uncertainty (www.physics.nist.gov).
Table 1.4 From S.I. and Related Units: Quick-Refer-
ence Conversion Factors (1968), compiled by Dryden, 
I.G.C, BCURA, Leatherhead, Surrey, UK.

Chapter 2

Figure 2.2 Adapted from Price, T.D. and Feinman, 
G.M. (2001) Images of the Past 3rd Ed., Mayfield, Moun-
tain View, CA.
Figure 2.3 From Hummel, R.E. (1998) Understanding 
Materials Science, Springer, New York, p. 283. Repro-
duced with permission from Springer. (The fi gurine is in 
the Moravske Museum, Brno, Czech Republic.)
Figure 2.4 Adapted from Kingery, W.D. and Vandiver, 
P.B. (1986) Ceramic Masterpieces, The Free Press, New 
York, p. 19.

Figure 2.7 From Henderson, J. (2000) The Science and 
Archeology of Materials. Routledge, London, p. 199. 
Reproduced by permission of Taylor and Francis.
Figure 2.8 Courtesy of Paul E. Stutzman.
Figure 2.9 Data from Ashby, M.F. and Jones, D.R.H. 
(1986) Engineering Materials 2, Pergamon Press, Oxford, 
p. 192.
Figure 2.10 Data from Ashby, M.F. and Jones, D.R.H. 
(1986) Engineering Materials 2, Pergamon Press, Oxford, 
p. 192.
Figure 2.11 From the Travels of Sir John Mandeville,
ink and tempera on parchment, Bohemia, circa 1410. The 
British Library (ms Add. 24189, f.16), London. Repro-
duced by permission of the British Library.
Table 2.1 Data from Fergusson, J.E. (1982) Inorganic 
Chemistry and the Earth, Pergamon, Oxford, p. 47.
Table 2.2 Data from Wood, N. (1999) Chinese Glazes,
A&C Black, London.
Table 2.4 Data from Lechtman, H.N. and Hobbs, L.W. 
(1986) “Roman concrete and the Roman architectural 
revolution”, in: Ceramics and Civilization III: High-
Technology Ceramics—Past, Present, and Future, edited 
by W.D. Kingery, The American Ceramics Society, 
Westerville, OH, p. 95.

Chapter 3

Figure 3.7 Data from Lupis, C.H.P. (1983) Chemical 
Thermodynamics of Materials, Elsevier Science Publish-
ing, New York, p. 35.
Figure 3.8 Data from Schmalzried, H. (1974) Solid 
State Reactions, Academic Press, New York, p. 109.
Table 3.5 Data from Moore, C.E. (1970), Ionization 
Potentials and Ionization Limits Derived from the Analy-
sis of Optical Spectra, NSRDS-NBS 34, National Bureau 
of Standards, Washington, D.C. Data on the actinides is 
from Seaborg, G.T. (1968) Ann. Rev. Nucl. Sci. 18, 53 and 
references therein.
Table 3.6 Data from Berry, R.S. (1969) Chem. Rev. 69, 
533 except: a Edlen, B. (1960) J. Chem. Phys. 33, 98; 
b Baughan, E.C. (1961) Trans. Faraday Soc. 57, 1863; 
c Ginsberg, A.P. and Miller, J.M. (1958) J. Inorg. Nucl. 
Chem. 7, 351; d Politzer, P. (1968) Trans. Faraday Soc. 64, 
2241.
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Chapter 4

Figure 4.1a Data from Sproull, R. (1956) Modern 
Physics: A Textbook for Engineers, Wiley, New York, 
Figure 7-2 on p. 192.
Figure 4.2 Data from Wachtman, Jr., J.B., Tefft, W.E., 
Lam, Jr., D.G., and Apstein, C.S. (1961) “Exponential 
Temperature Dependence of Young’s modulus for several 
oxides,” Phys. Rev., 122, 1754.
Figure 4.3 Data from Wachtman, Jr. J.B. and Lam, Jr. 
D.G. (1959) “Young’s modulus of refractory materials as 
function of temperature”, J. Am. Ceram. Soc. 42, 254.
Figure 4.7 Data from Schoknecht, V.G. (1957) Z. 
Naturf., 12A, 983.
Figure 4.19 Data from Bader, R.F.W., Keaveny, I., and 
Cade, P.E. (1967) “Molecular charge distributions and 
chemical binding: II. First-row diatomic hydrides, AH”, 
J. Chem. Phys. 47, 3381.
Figure 4.21 Data from Slater, J.C. (1934) Phys. Rev. 45, 
794.
Table 4.2 Modifi ed from Van Vlack, L.H. (1964) Physi-
cal Ceramics for Engineers, Addison Wesley Reading MA 
(1964) p. 118.
Table 4.3 Data compiled by Huheey, J.E. (1975) Inor-
ganic Chemistry: Principles of Structure and Reactivity,
Harper & Row, London, p. 62.
Table 4.4 Data compiled by Huheey, J.E. (1975) Inor-
ganic Chemistry: Principles of Structure and Reactivity,
Harper & Row, London, p. 61.
Table 4.5 Data from (B-H): Johnson, D.A. (1982) Some 
Thermodynamic Aspects of Inorganic Chemistry, Cam-
bridge; (B-L): Morris, D.F.C. (1957) J. Inorg. Nucl. Chem.
4, 8.
Table 4.6 Data from Shannon, R.D. (1976) “Revised 
effective crystal radii and systematic studies of interatomic 
distances in halides and chalcogenides,” Acta. Cryst. A32, 
751.
Table 4.8 Data compiled by Israelachvili, J.N. (1992) 
Intermolecular and Surface Forces, 2nd Ed., Academic 
Press, London, p. 186.
Table 4.9 Data compiled by Israelachvili, J.N. (1992) 
Intermolecular and Surface Forces, 2nd Ed., Academic 
Press, London, p. 190.
Table 4.10 Data from van Vechten, J.A. (1973) Phys. 
Rev. B 7, 1479.

Chapter 5

Figure 5.11 Data from McHale, J.M., Navrotsky, A., and 
Perrotta, A.J. (1997) “Effects of increased surface area and 
chemisorbed H2O on the relative stability of nanocrystal-
line γ-Al2O3 and α-Al2O3,” J. Phys. Chem. B 101, 603.

Chapter 6

Figure 6.2 Data from Galasso, F.S. (1970) Structure 
and Properties of Inorganic Solids, Pergamon, Oxford, 
p. 113.

Figure 6.5 From Tillman, K., Thust, A., and Urban, K. 
(2004) “Spherical aberration correction in tandem with 
exit-plane wave reconstruction: Interlocking tools for the 
atomic scale imaging of lattice defects in GaAs” Microsc. 
Microanal. 10. 185, with permission from Cambridge 
University Press.
Figure 6.9 Adapted from Galasso, F.S. (1970) Structure 
and Properties of Inorganic Solids, Pergamon, Oxford, 
p. 69.
Figure 6.17 Adapted from Parthé, E. (1964) Crystal 
Chemistry of Tetrahedral Structures, Gordon and Breach, 
New York, p. 16.
Table 6.1 Data from Toth, L.E. (1971) Transition Metal 
Carbides and Nitrides, Academic Press, New York, 
p. 33.

Chapter 7

Figure 7.16c Reprinted from Iijima, S. (1993) “Growth 
of carbon nanotubes,” Mater. Sci. Eng. B 19, 172, Copy-
right 1993, with permission from Elsevier.
Figure 7.19 Adapted from Zachariasen, W.H. (1932) 
“The atomic arrangement in glass”, J. Am. Chem. Soc. 54, 
3841.
Figure 7.21 Adapted from Hobbs, L.W. (1995) “Network 
topology in aperiodic networks” J. Non-Cryst. Solids 192 
& 193, 79. Copyright 1995, with permission from 
Elsevier.
Table 7.5 Data compiled by Wenk, H.-R. and Bulakh, 
A. (2004) Minerals, Cambridge University Press, p. 314.

Chapter 8

Figure 8.3 Data from Bergeron, C.G. and Risbud, S.H. 
(1984) Introduction to Phase Equilibria in Ceramics, The 
American Ceramic Society, Columbus, OH, p. 59.
Figure 8.4 Data from von Wartenberg, H. and Prophet, 
E. (1932) Z. Anorg. Allg. Chem. 208, 379.
Figure 8.5a Data from Lin, P.L., Pelton, A.D., Bale, C.
W., and Thomson, W.T. (1980) CALPHAD: Computer 
Coupling of Phase Diagrams and Thermochemistry, Vol. 
4, Pergamon New York, p. 47.
Figure 8.5b Data from Dorner, P., Gauckler, L.J., Kreig, 
H., Lukas, H.L., Petzow, G., and Weiss, J. (1979) 
CALPHAD: Computer Coupling of Phase Diagrams and 
Thermochemistry, Vol. 3, Pergamon, New York, p. 241.
Figure 8.11 Data from Doman, R.C., Barr, J.B., McNally, 
R.N., and Alper, A.M. (1963) J. Am. Ceram. Soc. 46, 313.
Figure 8.16 Data from Osborn E.F. and Muan, A. (1960) 
No.3 in Phase Equilibrium Diagrams of Oxide Systems,
American Ceramic Society, Columbus OH.
Figure 8.18 Data from Morey, G.W. and Bowen, N.L. 
(1925) J. Soc. Glass. Technol. 9, 232, 233.
Figure 8.21 Data from Jack, K.H. (1976) “Sialons and 
related nitrogen ceramics” J. Mater. Sci. 11, 1135.
Figure 8.24 Reprinted from Torres, F.C. and Alarcón, 
J. (2004) J. Non-Cryst. Sol. 347, “Mechanism of crystal-
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lization of pyroxene-based glass-ceramic glazes” 45, 
Copyright 2004, with permission from Elsevier.

Chapter 9

Figure 9.4 Courtesy of Swindell Dressler.
Figure 9.5 Courtesy of Swindell Dressler.
Figure 9.6 Courtesy of David Demaray and Mike 
Vinton, University of Washington.
Figure 9.7 Courtesy of Kanthal Corporation.
Figure 9.8 Reprinted from Susnitzky D.W. and Carter, 
C.B. (1992) “Surface morphology of heat-treated ceramic 
thin films,” J. Am. Ceram. Soc. 75, 2471, with permission 
from Blackwell Publishing and the American Ceramic 
Society.
Figure 9.11 Courtesy of Ferro Corporation.
Table 9.1 Data compiled by Atkins, P.W. (1978) Physi-
cal Chemistry, Oxford University Press, Oxford, p. 107.
Table 9.2 Data compiled by Atkins, P.W. (1978) Physi-
cal Chemistry, Oxford University Press, Oxford, p. 108.
Table 9.3 Data from Brown, R.L., Everest, D.A., Lewis, 
J.D., and Williams, A. (1968) “High-temperature pro-
cesses with special reference to fl ames and plasmas,” J. 
Inst. Fuel. 41, 433.
Table 9.4 Data compiled by Nassau, K. (1994) Gem-
stone Enhancement, 2nd Ed., Butterworth-Heinemann, 
Oxford, p. 207.
Table 9.5 Data compiled by Nassau, K. (1994) Gem-
stone Enhancement, 2nd Ed., Butterworth-Heinemann, 
Oxford, p. 206.
Table 9.6 Data compiled by Nassau, K. (1994) Gem-
stone Enhancement, 2nd Ed., Butterworth-Heinemann, 
Oxford, p. 205.
Table 9.7 Data compiled by Nassau, K. (1994) Gemstone 
Enhancement, 2nd Ed., Butterworth-Heinemann, Oxford, 
p. 220, modifi ed with applications from the American Iso-
static Presses, Inc. data sheet. ANSI (American National 
Standards Institute) symbols, except for G, C, and D.
Table 9.8 The pyrometric cone equivalent test is 
described in ASTM Standard C24-56.

Chapter 10

Figure 10.1 LeBret, J.B. & MGN.
Figure 10.3 Reprinted from Smolsky, I.L., Voloshin, 
A.E., Zaitseva, N.P., Rudneva, E.B., and Klapper, H. 
(1999) “X-ray topographic study of striation formation in 
layer growth of crystals from solutions,” Phil. Trans R. 
Soc. Lond. A. 357, 2631, with permission from the Royal 
Society.
Figure 10.4 Reprinted from LeBret, J.B., Norton, M.G. 
and Bahr, D.F. (2005) “Examination of crystal defects 
with high-kV X-ray computed tomography,” Mater. Lett.
59, 1113. Copyright 2005, with permission from 
Elsevier.
Figure 10.11 Reprinted with permission from Jia, C.L., 
Lentzen, M., and Urban, K. (2003) “Atomic resolution 

imaging of oxygen in perovskite ceramics”, Science 299, 
870. Copyright 2003 AAAS.
Figure 10.12 Reprinted with permission from Han, W.
Q., Chang, C.W., and Zettl, A. (2004) “HRTEM image of 
a BN nanotube partly loaded with a crystal of KI” Nano 
Letters 4, 1355. Copyright 2004 American Chemical 
Society.
Figure 10.14 Reprinted from Diebold, U. (2003) 
“The surface science of titanium dioxide” Surf. Sci. 
Reports 48, 53. Copyright 2003, with permission from 
Elsevier.
Figure 10.18 Reprinted from Richardson, T.J. and Ross, 
Jr., P.N. (1996) “FTIR spectroscopy of metal oxide inser-
tion electrodes: thermally induced phase transitions in 
LixMn2O4 spinels,” Mater. Res. Bull. 31, 935, Copyright 
1996, with permission from Elsevier.
Figure 10.20 Courtesy of Yahia Djaoued.
Figure 10.21 Data from Simmons, C.J. and El-Bayoumi, 
O.H., eds (1993) Experimental Techniques in Glass 
Science, The American Ceramic, Society, Westerville, 
OH, p. 88.
Figure 10.22 Data from Simmons, C.J. and El-Bayoumi, 
O.H., eds (1993) Experimental Techniques in Glass 
Science, The American Ceramic, Society, Westerville, 
OH, p. 91.
Figure 10.24 Source. Data from Simmons, C.J. and El-
Bayoumi, O.H., eds (1993) Experimental Techniques in 
Glass Science, The American Ceramic, Society, Wester-
ville, OH, pp. 107 and 110.
Figure 10.25 Data from Simmons, C.J. and El-Bayoumi, 
O.H., eds (1993) Experimental Techniques in Glass 
Science, The American Ceramic, Society, Westerville, 
OH, p. 111.
Figure 10.26 Reprinted from Williams, D.B. and Carter, 
C.B. (1996) Transmission Electron Microscopy, Plenum, 
New York, with permission from Springer.
Figure 10.27 Reprinted from Farrer, J.K., Carter, C.B., 
and Ravishankar, N. (2006) “The Effects of Crystallogra-
phy on Grain Boundary Migration in Alumina” J. Mater. 
Sci., 41(3), 661–674. Reproduced by permission of 
Springer.
Figure 10.29 Reprinted from Simpson, Y.K., Colgan, 
E.G., and Carter, C.B. (1987) “Kinetics of the growth of 
spinel on alumina using Rutherford backscattering spec-
troscopy,” J. Am. Ceram. Soc. 70, C149. With permission 
from Blackwell Publishing and the American Ceramic 
Society.
Figure 10.30 Altay, A. & CBC.
Figure 10.33 Altay, A. & CBC.
Figure 10.34 Gilliss, S.R. & CBC.
Figure 10.35 Data from Haas, T.W., Grant, J.T., and 
Dooley III, G.J. (1972) “Chemical effects in Auger elec-
tron spectroscopy,” J. Appl. Phys. 43, 1853.
Figure 10.37 Altay, A. & CBC.
Table 10.5 Data from Raman Spectroscopic Library, 
Dept. Chemistry, University College London (www.chem.
ucl.ac.uk/resources/raman/index.html).
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Table 10.6 Data compiled by Banwell, C.N. (1972) Fun-
damentals of Molecular Spectroscopy, 2nd Ed., McGraw-
Hill, London p. 328.
Table 10.7 From Smith, D.K. (1986) “Diffraction 
methods: Introduction,” in: ASM Handbook Volume 10 
Materials Characterization, ASM International (1986) 
p. 325.
Table 10.10 Modifi ed after: Bowen, D.K. and Hall, C.
R. (1975) Microscopy of Materials: Modern Imaging 
Methods Using Electron, X ray and Ion Beams, Macmil-
lan, London p. 86.

Chapter 11

Figure 11.9 With permission from Voyles, P.M., Chadi, 
D.J., Citrin, P.H., Muller, D.A., Grazul, J.L., Northrup, 
P.A., and Gossmann, H.-J.L. (2003) “Evidence for a New 
Class of Defects in Highly n-Doped Si: Donor-Pair-
Vacancy-Interstitial Complexes”, Phys. Rev. Lett. 91, 
125505. Copyright 2003 American Physical Society.
Figure 11.11 Data from Kingery, W.D., Bowen, H.K., 
and Uhlmann, D.R. (1976) Introduction to Ceramics, 2nd

Ed., Wiley, New York, p. 237.
Figure 11.12 Data from Kingery, W.D., Bowen, H.K., 
and Uhlmann, D.R. (1976) Introduction to Ceramics, 2nd

Ed., Wiley, New York, p. 240.
Figure 11.13 Data from Baumbach, H.H. and Wagner, 
C. (1933) Z. Phys. Chem. B 22, 199.
Figure 11.14 Data from Kingery, W.D., Bowen, H.K., 
and Uhlmann, D.R. (1976) Introduction to Ceramics, 2nd

Ed., Wiley, New York, p. 245.
Figure 11.16 Data from Kirk R. and PL Pratt, P.L. 
(1967) Proc. Brit. Ceram. Soc. 9, 215.
Table 11.7 Data from Jeffe, E.R. and Foote, F. (1933) J. 
Chem. Phys., 1, 29.
Table 11.8 Data compiled by Hayes, W. and Stoneham, 
A.M. (1985) Defects and Defect Processes in Nonmetallic 
Solids, Wiley, New York, p. 146.

Chapter 12

Figure 12.7 Courtesy of Y. Ikuhara.
Figure 12.9a Reprinted from Dash W.C. (1957) “The 
observation of dislocations in silicon,” in Dislocations 
and Mechanical Properties of Crystals, Eds Fisher, J.C., 
Johnston, W.G., Thomson, R. and Vreeland, T. Wiley, New 
York, pp. 57–68.
Figure 12.9b Eakins, D.E. & MGN.
Figure 12.11c Reprinted from Ray, I.L.F. and Cock-
ayne, D.J.H. (1971) “The dissociation of dislocations in 
silicon,” Proc. R. Soc. Lond. A. 325, 543. With permission 
from the Royal Society.
Figure 12.13 Reprinted from Nakamura, A., Lagerlöf, 
K.P.D., Matsunaga, K., Tohma, J., Yamamoto, T. and 
Ikuhara, Y. (2005) “Control of dislocation confi guration 
in sapphire,” Acta Mater. 53, 455. Copyright 2005, with 
permission from Elsevier.

Figure 12.14 Reprinted from Delavignette, P. and 
Amelinckx, S. (1962) “Dislocation patterns in graphite,” 
J. Nucl. Mater. 5, 17. Copyright 1962, with permission 
from Elsevier.
Figure 12.18 Reprinted from Bontinck, W. and 
Amelinckx, S. (1957) “Observation of helicoidal dislocation 
lines in fluorite crystals,” Phil. Mag. 2, 1. With permission 
from Taylor and Francis. http://www.tandf.co.uk/journals
Figure 12.19 Reprinted from Phillips, D.S., Plekta, B.J., 
Heuer, A.H., and Mitchell, T.E. (1982) “An improved 
model of break-up of dislocation dipoles into loops: appli-
cation to sapphire (α-Al2O3),” Acta Metall. 30, 491. Copy-
right 1982, with permission Elsevier.
Figure 12.21 Reprinted from Amelinckx, S. (1964) “The 
direct observation of dislocations Solid State Physics, Sup-
plement 6, Academic Press, New York pp. 1–487, fi gure 
48, Copyright 1964, with permission from Elsevier.
Figure 12.22 Reprinted from Amelinckx, S. (1964) 
“The direct observation of dislocations” Solid State 
Physics, Supplement 6, Academic Press, New York pp. 
1–487, fi gure 49, Copyright 1964, with permission from 
Elsevier.
Figure 12.23a Reprinted from Amelinckx, S. (1964) 
“The direct observation of dislocations” Solid State 
Physics, Supplement 6, Academic Press, New York pp. 
1–487, fi gure 149a, Copyright 1964, with permission from 
Elsevier.
Figure 12.24 Reprinted by permission from Macmillan 
Publishers Ltd: Kodambaka, S., Khare, S.V., Swiech, W., 
Ohmori, K., Petrov. I., and Greene, J.E. (2004) “Disloca-
tion-driven surface dynamics on solids” Nature 429, 49. 
Copyright 2004.
Figure 12.25 Reprinted from Tanaka, M. and Higashida, 
K. (2004) “HVEM characterization of crack tip disloca-
tions in silicon crystals,” J. Electron Microsc. 53, 353. 
With permission from Oxford University Press.
Figure 12.27a Reprinted with permission from Gutkin, 
M.Y., Sheinerman, A.G., Argunova, T.S., Mokhov, E.N., 
Je, J.H., Hwu, Y., Tsai, W-L., and Margaritondo (2003) 
“Micropipe evolution in silicon carbide”, Appl. Phys. Lett.
83, 2157. Copyright 2003, American Institute of Physics.
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Table 19.5 Data from Annual Minerals Review (1996) 
Am. Ceram. Soc. Bull. 75, 138.
Table 19.7 Data compiled by Lee, W.E. and Rainforth, 
W.M. (1994) Ceramic Microstructures: Property Control 
by Processing, Chapman and Hall, London. p. 261.
Table 19.8 Data compiled by Lee, W.E. and Rainforth, 
W.M. (1994) Ceramic Microstructures: Property Control 
by Processing, Chapman and Hall, London. p. 261.
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Figure 20.5 Data from Silberberg, M. (1996) Chemis-
try: The Molecular Nature of Matter and Change, Mosby, 
Boston, p. 477.
Figure 20.9 Thompson, S., Perrey, C.R., Kortshagen, U. 
& CBC. Also see: Thompson, S., Perrey, C.R., Carter, 
C.B., Belich, T.J., Kakalios, J., and Kortshagen, U. (2005) 
“Experimental investigations into the formation of 
nanoparticles in a/nc-Si:H thin films,” J. Appl. Phys. 97, 
034310-1.
Figure 20.14 Data from Rahaman, M.N. (1995) Ceramic 
Processing and Sintering, Marcel Dekker, Inc., New York, 
p. 112.
Figure 20.16 Data from Lowder, R.A. (1993) “Fiber 
coatings and the mechanical properties of a continuous 
fiber reinforced SiC matrix composite”, in: Designing 
Ceramic Interfaces II. S.D. Peteves (ed.) Comm. of Europ. 
Communities: Luxembourg pp. 157–72.
Table 20.1 From Rahaman, M.N. (1995) Ceramic Pro-
cessing and Sintering, Marcel Dekker, Inc., NY, p. 40.
Table 20.3 Data compiled by Richerson, D.W. (1992) 
Modern Ceramic Engineering, 2nd Ed., Marcel Dekker, 
NY, p. 395.
Table 20.4 Data compiled by McColm, I.J. and Clark, 
N.J. (1988) Forming, Shaping and Working of High-Per-
formance Ceramics, Blackie, Glasgow, p. 81.
Table 20.5 Data compiled by Reed, J.S. (1988) Intro-
duction to the Principles of Ceramic Processing, John 
Wiley & Sons, NY, p. 92.
Table 20.8 From Reed, J.S. (1988) Introduction to the 
Principles of Ceramic Processing, John Wiley and Sons, 
New York, p. 71.
Table 20.9 Data compiled by Chawla, K.K. (1993) 
Ceramic Matrix Composites, Chapman and Hall, London, 
p. 51.
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Figure 21.2 Copyright the Trustees of The British 
Museum.
Figure 21.3 Copyright the Trustees of The British 
Museum.
Figure 21.4a Data from Pfaender, H.G. (1996) The 
Schott Guide to Glass. Chapman & Hall, London, UK, 
p. 21.

Figure 21.4b Data from Doremus, R.H. (1994) Glass 
Science, 2nd Ed., Wiley, New York, p. 103.
Figure 21.5 Redrawn after schematics on the Edward J. 
Orton Jr. Ceramic Foundation site (ANS-800 and RSV-
1600); see www.ortonceramic.com/instruments (and don’t 
miss the Orton cones video).
Figure 21.6 Data from Moriya, Y., Warrington, D.H., 
and Douglas, R.W. (1967) Phys. Chem. Glasses, 1, 19.
Figure 21.8 Courtesy of Schott Glass.
Figure 21.9 Ravishankar, N. and CBC.
Figure 21.10 Reprinted from Guinel, M. J-F. and Norton, 
M.G. (2006) “Oxidation of silicon carbide and the forma-
tion of silica polymorphs,” J. Mater. Res. 21, 2550. With 
permission from the Materials Research Society.
Figure 21.11 Reprinted from Vogel, W. (1971) Structure 
and Crystallization of Glasses The Leipzig Ed., Pergamon 
Press, Oxford. p. 150.
Figure 21.12 Reprinted from Vogel, W. (1971) Structure 
and Crystallization of Glasses The Leipzig Ed., Pergamon 
Press, Oxford. p. 176.
Figure 21.13 Reprinted from Vogel, W. (1971) Structure 
and Crystallization of Glasses The Leipzig Ed., Pergamon 
Press, Oxford. p. 35.
Figure 21.14 Reprinted from Riello, P., Canton, P., 
Comelato, N., Polizzi, S., Verita, M., Fagherazzi, G, Hof-
meister, H., and Hopfe, S. (2001) “Nucleation and crystal-
lization behavior of glass-ceramic materials in the 
Li2O-Al2O3-SiO2 system of interest for their transparent 
properties”, J. Non-Cryst. Sol. 288, 127. Copyright 2001, 
with permission from Elsevier.
Figure 21.16 From the ERSF-NL38 newsletter. This 
plate can be seen in the Museo Regionale della Ceramica 
di Deruta in Italy. Deruta is a beautiful city, overlooking 
the Tiber valley, renowned for its ceramic art dating back 
to the Middle Ages. See: www.museoceramicaderuta.it 
and www.deruta.net.
Figure 21.19 Riesterer, J.L. & CBC.
Figure 21.20 From Aizenberg, J., Weaver, J.C., Thana-
wala, M.S., Sundar, V.C., Morse, D.E., and Fratzl, P. 
(2005) “Skeleton of euplectella sp.: Structural hierarchy 
from the nanoscale to the macroscale,” Science 309, 275. 
Reprinted with permission from AAAS.
Figure 21.21 Data from Zhu, D., Chandra, S., Ray, C.S., 
Zhou, W., Delbert, E., and Day, D.E. (2003) “Glass transi-
tion and fragility of Na2O–TeO2 glasses,” J. Non-Cryst. 
Sol. 319, 247.
Table 21.6 Data compiled by Tooley, F.V. (1960) Hand-
book of Glass Manufacture, Ogden Publishing Co., New 
York, NY.
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Figure 22.10 Reprinted from Giuliano Gregori, G., 
Kleebe. H.-J., Readey, D.W., and Sorarù, G.D. (2006) 
“Energy-filtered TEM study of Ostwald ripening of Si 
nanocrystals in a SiOC glass”.) J. Am. Ceram. Soc. 89, 
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1699. With permission from Blackwell Publishing and the 
American Ceramic Society.
Table 22.2 Data compiled from Bradley, D.C., Mehro-
tra, R.C., and Gaur, D.P. (1978) Metal Alkoxides, Aca-
demic Press, London and Rahaman, M.N. (1995) Ceramic 
Processing and Sintering, Marcel Dekker, New York, 
p. 211.
Table 22.3 Data from: Gossink, R.G., Coenen, H.A.M., 
Engelfriet, A.R.C., Verheijke, M.L., and Verplane, J.C. 
(1975) “Ultrapure SiO2 and Al2O3 for the preparation of 
low-loss compounds glass,” Mater. Res. Bull. 10, 35.
Table 22.4 Data from Klein, L.C. (1991) “Sol-gel 
process,” in: Engineered Materials Handbook Volume 4: 
Ceramics and Glass, ASM International.
Table 22.8 Data compiled by Brinker, C.J. and Scherer, 
G.W. (1990) Sol-Gel Science: The Physics and Chemistry 
of Sol-Gel Processing, Academic Press, Boston, p. 864.
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Figure 23.11a Courtesy of Jim Robison.
Figure 23.11b Courtesy of Michael Sherrill.
Figure 23.15 Data from Mutsuddy, B.C. (1991) “Injec-
tion Molding,” in: Engineered Materials Handbook,
Volume 4 Ceramics and Glasses, ASM International, 
p. 178.
Figure 23.17 Courtesy of Rosette Gault.
Figure 23.18 From Bliss, G. (2001) Practical Solutions 
for Potters. Sterling Pub Co. Inc. New York, p. 103.
Table 23.3 Data compiled by Reed, J.S. (1988) Intro-
duction to the Principles of Ceramic Processing, John 
Wiley, New York, p. 359.
Table 23.4 Data compiled by Richerson D.W. (1992) 
Modern Ceramic Engineering, Marcel Dekker, New York, 
p. 493.
Table 23.5 Data compiled by Larson, D. (1991) “Green 
machining,” in: Engineered Materials Handbook, Ceram-
ics and Glasses 4, ASM International, p. 184.
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Figure 24.2 Courtesy of Saint-Gobain.
Figure 24.3 From Suzuki, K. and Sasaki, M. (2005) 
“Effects of sintering atmosphere on grain morphology of 
liquid-phase-sintered SiC with Al2O3 additions,” J. Eur. 
Ceram. Soc. 25, 1611. Copyright 2005, with permission 
from Elsevier.
Figure 24.7 Perrey, C.R. & CBC.
Figure 24.10 Data from Kang, S.-J.L. and Jung, Y.-I. 
(2004) “Sintering kinetics at the final stage of sintering: 
Model calculation and map construction,” Acta Mater. 52, 
4373.
Figure 24.16 After Burke, J.E.
Figure 24.17 Munoz, N., Gilliss, S.R. & CBC. See also 
Munoz, N.E., Gilliss, S.R., and Carter, C.B. (2004) “The 
monitoring of grain-boundary grooves in alumina,” Phil. 
Mag. Lett., 84, 21, http://www.tandf.co.uk/journals Munoz, 

N.E., Gilliss, S.R. and Carter, C.B. (2004) “Remnant 
grooves on alumina surfaces,” Surf. Sci. 573, 391.
Figure 24.19 Ravishankar, N. & CBC.
Figure 24.20 Farrer, J. & CBC. See also Farrer, J.K., 
Carter, C.B., and Ravishankar, N. (2006) “The effects of 
crystallography on grain boundary migration in alumina,” 
J. Mater. Sci., 41, 661.
Figure 24.21 Altay, A. & CBC.
Figure 24.22 Reprinted from Kaysser, W.A., Sprissler, 
M., Handwerker, C.A., and Blendell, J.E. (1987) “Effect 
of a liquid phase on the morphology of grain growth in 
alumina,” J. Am. Ceram. Soc. 70 339. With permission 
from Blackwell Publishing and the American Ceramic 
Society. See also R. D. Monahan, R.D. and Halloran, J.W. 
(1979) “Single-crystal boundary migration in hot-pressed 
aluminum oxide,” J. Am. Ceram. Soc. 62, 564.
Figure 24.24 Altay, A. & CBC.
Figure 24.25 Courtesy of Paolo Colombo.
Figure 24.27 Courtesy of Marc Anglada.
Figure 24.28 From Wakai, F. and Aldinger, F. (2003) 
“Sintering through surface motion by the difference in 
mean curvature”, Acta Mater. 51, 4013. Copyright 2003, 
with permission from Elsevier.
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Figure 25.1 Reprinted from Hwang, T.J., Hendrick, M.
R., Shao, H., Hornis, H.G., and Hunt, A.T. (1998) “Com-
bustion chemical vapor deposition (CCVD) of LaPO4

monazite and beta-alumina on alumina fibers for ceramic 
matrix composites,” Mater. Sci. Eng. A, 244, 91. Copy-
right 1998, with permission from Elsevier.
Figure 25.2 Moore, L.A. & CBC. See also Tietz, L.A., 
Carter, C.B, Lathrop, D.K., Russek, S.E., Buhrman, R.A., 
and Michael, J.R. (1989) “Crystallography of YBa2Cu3O6+x

thin film-substrate interfaces,” J. Mater. Res. 4, 1072. Tietz, 
L.A., De Cooman, B.C., Carter, C.B., Lathrop, D.K., Russek, 
S.E., and Buhrman, R.A. (1988) “Structure of supercon-
ducting thin films of YBa2Cu3O7−x grown on SrTiO3 and 
cubic zirconia,” J. Electron Microsc. Tech. 8, 263.
Figure 25.3 Courtesy of David Clarke.
Figure 25.4 Susnitzky D.W. & CBC. See also Susnitzky, 
D.W., Hertl, W., and Carter, C.B. (1989) “Vanadia-induced 
transformations in yttria-stabilized zirconia,” Ultrami-
croscopy 30, 223.
Figure 25.5 Reprinted from Lee, W.E. and Rainforth, 
W.M. (1994) Ceramic Microstructures: Property Control 
by Processing, Chapman & Hall, London, p. 912. With 
permission from Springer.
Figure 25.6 Moore, L.A. & CBC.
Figure 25.7 Ostyn, K.M., Schmalzried, S. & CBC. See 
also Ostyn, K.M., Carter, C.B., Koehne, M., Falke, H., and 
Schmalzried, H. (1984) “Internal reactions in oxide solid 
solutions,” J. Am. Ceram. Soc. 67, 679.
Figure 25.8 Data from Holt, J.B., Cutler, I.B., and 
Wadsworth, M.E. (1962) “Rate of thermal dehydration of 
kaolinite in vacuum.” J. Am. Ceram. Soc. 45, 133.
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Figure 25.9 Rasmussen, Y.K. & CBC. See also Simpson, 
Y.K. and Carter, C.B. (1986) “A new approach to the study 
of solid-state reactions,” Phil. Mag. A53, L1. http://www.
tandf.co.uk/journals
Figure 25.10 Data from Simpson, Y.K., Colgan, E.G., 
and Carter, C.B. (1987) “Kinetics of the growth of spinel 
on alumina using Rutherford backscattering spectros-
copy.” J. Am. Ceram. Soc. 70, C149.
Figure 25.12 After Schmalzried, H. (1981) Solid State 
Reactions p. 106.
Figure 25.13 Data from Pettit, F.S., Randklev, E.H., and 
Felten, E.J. (1966) “Formation of NiAl2O4 by solid state 
reaction,” J. Am. Ceram. Soc. 49, 199.
Figure 25.14 Johnson, M.L. & CBC. See also Kotula, 
P.G., Johnson, M.T., and Carter, C.B. (1998) “Thin-film 
reactions,” Z. Phys. Chemie 206 S, 73. Johnson, M.T. and 
Carter, C.B. (1999) “Movement of Pt markers in MgO 
during a solid-state reaction,” Phil. Mag. Lett. 79, 609. 
http://www.tandf.co.uk/journals
Figure 25.15a Data from Chen, W.K. and Peterson, N.
L. (1973) “Cation diffusion, semiconductivity and non-
stoichiometry in (Co,Ni)O crystals,” J. Phys. Chem. 
Solids. 34, 1093.
Figure 25.15b Data from Blank, S.L. and Pask, J.A. 
(1969) “Diffusion of iron and nickel in magnesium oxide 
single crystals,” J. Am. Ceram. Soc. 52, 669.
Figure 25.16 Data from Kingery, W.D., Bowen, H.K., 
and Uhlmann, D.R. (1976) Introduction to Ceramics, 2nd

Ed., Wiley, New York, p. 240.
Figure 25.17b,c From Veblin, D.R. and Buseck, P.R. 
(1981) “Hydrous pyriboles and sheet silicates in pyroxenes 
and uralites; intergrowth microstructures and reaction 
mechanisms,” Amer. Mineral. 66, 1107. With permission 
from the Mineralogical Society of America.
Figure 25.18 Kotula, P.G. & CBC. See also Kotula, P.
G. and Carter, C.B. (1995) “Volume expansion and lattice 
rotations in solid-state reactions between oxides,” Scripta 
Met. 32, 863. Kotula, P.G. and Carter, C.B. (1995) “Nucle-
ation of solid-state reactions between nickel oxide and 
aluminum oxide,” J. Am. Ceram. Soc. 78, 248.
Figure 25.19 Kotula, P.G. & CBC. See also Kotula, P.
G. and Carter, C.B. (1998) “Kinetics of thin-film reactions 
of NiO with Al2O3 I: (0001) and {112̄0} reaction couples,” 
J. Am. Ceram. Soc. 81, 2869 Kotula, P.G. and Carter, C.B. 
(1998) “Kinetics of thin-film reactions of NiO with Al2O3

II: {11̄00} and {11̄02} reaction couples,” J. Am. Ceram. 
Soc. 81, 2877.
Figure 25.20 Data from Kotula, P.G. and Carter, C.B. 
(1998) “Kinetics of thin-film reactions of NiO with Al2O3

I: (0001) and {112̄0} reaction couples,” J. Am. Ceram. 
Soc. 81, 2869.
Figure 25.21 Heffelfinger and CBC. See also Heffelfin-
ger, J.R. and Carter, C.B. (1994) “Evolution of yttrium 
aluminum garnet films by solid-state reaction,” Mater. 
Res. Soc. Symp. Proc. 317, 553.
Figure 25.22 Susnitzky, D.W. & CBC. See also 
Susnitzky, D.W. and Carter, C.B. (1986) “The topotactic 

growth of β-alumina on α-alumina,” J. Am. Ceram. Soc.
69, C25.
Figure 25.23 Johnson, M.L. & CBC. See also Johnson, 
M.T., Schmalzried, H., and Carter, C.B. (1997) “The effect 
of an applied electric field on a heterogeneous solid-state 
reaction,” Solid State Ionics 101–103, 1327. Johnson M.T. 
and Carter, C.B. (1998) “Thin-film reaction between 
α-Fe2O3 and (001) MgO,” Microsc. Microanal. 4, 141. 
Johnson, M.T., Kotula, P.G., and Carter, C.B. (1999) 
“Growth of nickel ferrite thin films using pulsed-laser 
deposition,” J. Cryst. Growth 206, 299.
Figure 25.24 See (i) Cooper, A.R. and Kingery, W.D. 
(1964) “Dissolution in ceramic systems: I. Molecular diffu-
sion, natural convection, and forced convection studies of 
sapphire dissolution in calcium aluminum silicate,” J. Am. 
Ceram. Soc. 47, 37. (ii) Samaddar, B.N., Kingery, W.D., and 
Cooper, A.R. (1964) “Dissolution in ceramic systems: II. 
Dissolution of alumina, mullite, anorthite, and silica in a 
calcium-aluminum-silicate slag,” J. Am. Ceram. Soc. 47, 
249. (iii) Oishi, Y., Cooper, A.R., and Kingery, W.D. (1964) 
“Dissolution in ceramic systems: III. Boundary layer con-
centration gradients,” J. Am. Ceram. Soc. 48, 88. (A classic 
series of papers: all on-line for ACerS members.)
Figure 25.25 After Kingery, W.D., Bowen, H.K., 
Uhlman, D.R., Kingery, W.D., Bowen, H.K., and Uhlmann, 
D.R. (1976) Introduction to Ceramics 2nd Ed., Wiley, New 
York, p. 416.
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Figure 26.1 Data from Ceramic Industry, August 1993.
Figure 26.2 From Pfaender, H.G. (1996) Schott Guide 
to Glass 2nd Ed., Chapman and Hall, London. p. 39. By 
permission from Springer.
Figure 26.3 Redrawn after Pfaender, H.G. (1996) Schott 
Guide to Glass 2nd Ed., Chapman and Hall, London. p. 37. 
By permission from Springer.
Figure 26.4 From Pfaender, H.G. (1996) Schott Guide 
to Glass 2nd Ed., Chapman and Hall, London. p. 38. By 
permission from Springer.
Figure 26.12 Redraw after Prindle, W.R. (1999) in 
Ceramic Innovations Ed. Wachtman, J.B., Am. Ceram. 
Soc., Westerville, OH. p. 82.
Table 26.2 Data from Tooley, F.V. (1983) The Handbook 
of Glass Manufacture 3rd. Ed. Volumes I, Ashlee Publish-
ing Co., New York. pp. 28–29.
Table 26.4 Data compiled by Pinckney, L.R. (1991) 
Ceramics and Glasses, Engineered Materials Handbook,
Volume 4, ASM International. p. 434.
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Figure 27.3 Courtesy of Richard E. Mistler, Inc., 
Yardley, PA, USA.
Figure 27.4 Courtesy of Keko Equipment (Slovenia) 
and Haiku Tech, Inc. (USA).
Figure 27.13 Data from Jang, H.M. and Fuerstenau, 
D.W. (1986) “The specific adsorption of alkaline-
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earth cations at the rutile water interface,” Coll. Surf. 21, 
238.
Figure 27.18 Data from Hammer, R.B., Powell, D.O., 
Mukherjee, S., Tummala, R., and Raj, R. (1989) in: Prin-
ciples of Electronic Packaging, Seraphim, D.P., Lasky, R., 
and Li, C-Y, Eds., McGraw-Hill, New York, p. 296.
Table 27.1 Data from Mistler, R.E., Shanefield, D.J., and 
Runk, R.B. (1978) in: Ceramic Processing Before Firing,
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Table 27.6 Data compiled by Walton, B. (1984) in: 
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Gordon and Breach, New York. p. 45.
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Figure 28.6 Kotula, P.G. & CBC.
Figure 28.8 Moore, L.A. & CBC. See also Tietz, L.A. 
and Carter, C.B. (1993) “Structure of the Fe2O3-Al2O3

(0001) interface,” Phil. Mag. A 67, 699. Tietz, L.A. and 
Carter, C.B. (1993) “Structure of the Fe2O3-Al2O3 (1012) 
interface,” Phil. Mag. A67, 729. Tietz, L.A. and Carter, 
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Figure 29.9 Redrawn after www.crystalsystems.com/
hem.html, an industrial leader in the use of this 
technique.
Figure 29.10 Data from Brice, J.C. (1986) Crystal 
Growth Processes, Blackie, Glasgow, p. 56.
Figure 29.13 Ramachandran, D., Basu, J., & CBC.
Figure 29.19b Reprinted from Varghese, O.K., Gong, 
D., Paulose, M., Grimes, C.A., and Dickey, E.D. (2003) 

“Crystallization and high-temperature structural stability 
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With permission from the Materials Research Society and 
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Figure 29.19c,d Reprinted from Chen, R.S., Chang, 
H.M., Huang, Y.S., Tsai, D.S., Chattopadhyay, S., and 
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permission from Elsevier.
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Growth Processes, p. 8.
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tions, H.C. Freyhardt, Ed., Springer-Verlag, New York, 
p. 9.
Table 29.3 Data compiled by Laudise, R.A. (1970) The 
Growth of Single Crystals, Prentice-Hall, Inc, Englewood 
Cliffs, p. 215.
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Growth Processes, Blackie, Glasgow, p 130.
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Growth Processes, Blackie, Glasgow, p. 180.
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and Uhlmann, D.R. (1976) Introduction to Ceramics 2nd

Ed., Wiley, New York, p. 867.
Figure 30.9 Data from Moulson, A.J. and Herbert, J.M. 
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M. (1990) Electroceramics, Chapman and Hall, London, 
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Figure 30.25 Data from Duffy, J.A. (1990) Bonding, 
Energy Levels and Bands in Inorganic Solids, Longman 
Scientific and Technical, Harlow, Essex, UK. p. 138.
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and Uhlmann, D.R. (1976) Introduction to Ceramics, 2nd

Ed., Wiley, New York, p. 156.
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and Hench, L.L. and West J.K. (1990) Principles of Elec-
tronic Ceramics, Wiley, New York, p. 91.
Table 30.4 Data compiled by Kingery, W.D., Bowen, 
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