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alnico, 198
amorphous materials, 153–166
antiphase domain boundaries, 65
asbestos, 176
ASTM grain size, 1
austenite, 58
Avrami kinetics, 108–111

Bloch walls, 191
bonding, 133–142

covalent, 136
ionic, 133–134

boundary layer, 94
buckyballs, 180
Burgers vector, 37

carbon fibers, 180
carburization, 80
cementite, 57
characteristic ratio, 155
cholesteric liquid crystals, 168
Clausius–Clapeyron equation, 57
clay, 177
columnar grains, 90
columnar liquid crystals, 169
constitutional supercooling, 95
coordination, 136–139
crystal structures, 140–142
crystal systems, 11
critical radius for nucleation, 86
cube texture, 196
Curie temperature, 66, 171, 191

decarburization, 79
dendrites, 90, 95–98
devitrification, 162
diamond, 179

diffusion, 69–81
Darken’s equation, 77
mechanisms, 73
multiphase systems, 78–81
self, 76
special paths, 76
temperature dependence, 75–76

disclinations, 170
dislocations, 36

energy, 38
stress fields, 38–39
partial, 39

distribution coefficient, 92

elastic moduli, 134
enthalpy of mixing, 52
entropy of mixing, 53
error function, 71
estimates, 214–215
Euler relations, 6
eutectic freezing, 98–100
eutectoid transformation, 106–108
exchange energy, 185

ferromagnetism. See magnetism
Fibonacci series, 16
Fick’s laws, 69–70
foams, 202–204
fractals, 17
free energy, 52
free energy curves, 55–56
free volume, 154
freezing

cellular growth, 96
growth, 89
segregation, 91–93
single crystal growth, 98
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236 INDEX

freezing (cont.)
steady state, 95
volume change, 85

Frenkel defects, 34
fullerenes, 180

gas porosity, 98
gas solubility, 98
Gibbs free energy. See free energy
Gibbs, Willard, 49
grain boundaries, 125–127

area per volume, 3
wetting, 130

grain size, 1–3
ASTM, 1
linear intercept, 1

glass
bridging oxygens, 158
chalcogenide, 163–166
compositions, 158
delayed fracture, 163
devitrification, 162
inorganic, 157–166
metal, 164–166
silicate, 157
thermal expansion, 161
viscosity, 159
Vycor, 161

glass transition, 153–166
polymers, 154

golden ratio, 16
Goss texture, 196
grain boundary, low-angle, 39
graphite, 179
graphical differentiation and integration,

224–226
Greek alphabet, 231
growth, freezing, 89
growth of precipitates, 111–113

hard sphere model, 155
honeycomb structures, 204
hot isostatic pressing, 151

ice, 49, 57, 61
icosahedron, 16
interpolation and extrapolation, 228
interstitials, 33
invariant reactions, 44
ionic radii, 139–140
isothermal transformation diagrams,

108
iterative solutions, 226–227

Johnson and Mehl equation, 108

Kelvin, Lord, 8
Kirkendall effect, 74–75

Le Chatelier’s principle, 57
liquid crystals, 168–174

displays, 174
orientation parameter, 169
optical response, 173
phase changes, 172
temperature and composition effects, 171

lodestone, 184
log-log and semi-log plots, 222
logarithms and exponents, 230–231
lyotropic liquid crystals, 171

magnetic materials, 184–201
B–H curve, 190
hard, 197–198
oxides, 192
soft, 194–196
square loop, 199

magnetic units, 189
magneto-crystalline energy, 188
magnetostatic energy, 187
magnetostriction, 189
martensitic transformations, 114–116
melting points, 134
metal glasses, 164–166
metastability, 57
mica, 176
microstructural relations, 5–6
Miller–Bravais indices, 21–23
molecular length, 154–155

nanotubes, 181
negative thermal expansion, 205
negative Poisson’s ratio, 205
nematic liquid crystals, 168, 174
nucleation

homogeneous, 85–88
heterogeneous, 88–89
solid state, 104

order, 64–67
long range, 64–67
short range, 67

Ostwald ripening, 113

Pauling, Linus, 142
pearlite, 107
percent changes, 221
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INDEX 237

peritectic freezing, 100
Pfann, William, 93
phase rule, 43–44
plasticizers, 154
point defects, 33–36
porous materials, 202–204
precipitation-free zones, 113
precipitates

transition, 113
growth, 111–112

pressure effects, 57

quartz, 178
quasicrystals, 14–17

ratios, 220
radii ratios, critical, 136–138

Scheil equation, 91
Shottky defects, 34
segregation to surfaces, 127
segregation during freezing, 91–93
significant figures, 229–230
shape memory, 208–213
silicates, 176–178
silicon iron, 195
sintering, 144–151

activated, 150
early stages, 146
final stage, 147
intermediate stage, 147
liquid-phase, 150
mechanisms, 144

sketches, 215–217
slopes, 221–222
smectic liquid crystals,

168

solidification. See freezing
solubility limits, extrapolation, 60
space lattices, 11
spinodal reactions, 116–118
spherical triangles, 31
stacking faults, 39
steric parameter, 155
stereographic projection, 26–30
superelasticity, 209
surfaces, 121–131
surface energy

amorphous materials, 125
direct measurement, 128–129
magnitudes, 131
relation to bonding, 121
relative, 129
orientation dependence, 122–124

ternary phase diagrams, 44–49
tetrakaidecahedron, 6–8
thermal shock, 160–161
transformations, 104–119

units, 217–219

vacancies, 33
volume fraction phases, 4
Voroni cells, 157

wetting, grain boundaries, 130
Wigner–Seitz cells, 157
whiskers, 40
wulff plot, 123–124

Zachariasen’s rules, 157
zeolites, 182
zone refining, 93
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