
Additives for processing, 121
 
Adsorption:
 

BET equation, 21
 
chemical, 21, 127
 
classical isotherms, 22
 
physical, 21,113,127
 
polymer molecules, 156,241
 
specific ions, 136, 138
 

Advanced ceramics, 3
 
Agglomerates, 38,61,85,215,264
 
Agglomeration, 25, 313
 
Aggregates, 33, 38, 50, 62, 85, 452
 
Alkoxides, 49, 403
 
Alumina, 4, 5, 8, 9,10,38,39,51,63,64,109,
 

112, II5, 134, 191, 195,263,319,332,
 
449
 

Annealing, 469
 
Antifoaming additive, 180
 
Archimedes balance technique, 108
 
Aspect ratio, 86
 
Atomic adsorption spectrometry, 70
 
Atomization, 319, 434, 435
 
Attrition milling, 259, 270
 

Ball milling, 256, 268, 398
 
Bancroft rule, 130
 
Batching, 277
 
Bayer process, 38
 
Beneficiation, 12,36,253,255,298
 
Bentonite, 34, I I 9, 435
 
Binders and bonds:
 

admixing, 159
 
burnout, 447
 
cellulose type, 157
 

Index 

compositions of common types, 153
 
degree of substitution, 157
 
gelation, 161, 162, 163,248
 
general effects, 163, 164
 
glass transition temperature, 174, 175
 
glassy state, 174, 175
 
glycols, 158
 
hydraulic type, 168
 
molecular structure, 155, 156, 157, 158
 
plasticizers, I74, 177
 
polymer resins, 165
 
properties of films, 176, 177, 179
 
reaction type, 166, 167
 
rubbery state, 174, 175
 
silicates, 153, 163
 
vinyl type, 155
 
viscosity grade, 16 I
 
waxes, 158
 

Blanking, 429
 
Bulk solids handling, 277, 278
 

Calcining of powder mixtures, 40, 42, 44
 
Calcium alwninate cements, 171
 
Carbides, 6, 38, 384, 449
 
Carter equation, 41
 
Casting:
 

compositions, 383
 
defects, 383, 395, 399
 
electrophoretic, 395
 
gelation, 388
 
mechanics, 308, 386, 392
 
molds, 384, 385, 386
 
of monosize particles, 399
 
nonaqueous, 384
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Casting (Continued)
 
pressure casting, 393, 394
 
slip casting, 381
 
solid casting, 394
 
tape casting, 395, 396, 397
 
vacuum casting, 393
 

Cements, 168
 
Ceramic products, 7
 
Characterization:
 

in ceramic processing, 14
 
parameters, 62
 

Charging of particles, 132, 142
 
Chemical analysis, 68, 71
 
Chemical vapor deposition, 405
 
Chemisorption of water, 127
 
Classification, 299
 
Clays, 34, 36, 133, 147, 153, 154,206,245,
 

246,390,448,464
 
Coagulation, 146, 147, 148,247,360,383,388
 
Coatings, see Glazes
 
Colloids, 62, 153,241,387,399
 
Comminution:
 

anelastic effects, 261
 
Charles equation, 272
 
crushers, 255, 256
 
dispersion of agglomerates, 264, 268, 454
 
efficiency, 272, 274
 
feed size, 257
 
general parameters, 265, 266
 
grinding energy, 261
 
media density and size, 261
 
mills, 255, 256
 
particle fracture, 261, 262
 
particle size effect, 262
 
product size distributions, 270
 

Compaction:
 
compressibility, 214
 
direct shear, 210
 
horizontal/vertical stress ratio, 212
 
isostatic, 212, 213
 
Mohr-Coulomb failure law, 211
 
principal stresses, 209
 
shear resistance, 210
 
springback,214
 
stress path, 209
 
triaxial, 210
 
uniaxial confined, 212, 213
 

Compressibility, 214
 
Consistency, 200
 
Coprecipitation, 48
 
Cyclqnes, 300
 

D'Arcy equation, 303
 

Index 

Decals, 433
 
Deflocculants, 137, 139, 383, 397, 435
 
Deflocculation:
 

DLVO model, 144
 
particle charging, 112, 133, 134
 
steric hindrance, 145, 146
 

Density:
 
definitions, 106
 
measurement techniques, 107, 108,
 

110
 
values for materials, 476, 478
 

Dew point, 414
 
Dielectric constant of liquids, 125
 
Differential thermal analysis, 77, 79,446
 
Dipping, 437
 
Direct shear test, 210
 
DLVO theory, 144
 
Double layer theory, 139
 
Double layer thickness, 140
 
Drying:
 

controlled humidity drying, 420
 
critical temperature and pressure, 414
 
defects, 418, 419
 
dew point, 414
 
freeze-drying, 53, 423
 
heating, 412
 
infrared, 412, 414
 
latent heat of vaporization, 413
 
mechanisms, 412, 413, 415
 
microwave drying, 412, 414, 421
 
shrinkage, 41 7, 418
 
slurry drying, 421
 
solvent vaporization, 125
 
spray drying, 51, 317, 423
 
stages, 415, 416
 
techniques, 411
 

Dry pressing:
 
compaction stages, 336, 337
 
compositions, 332
 
defects, 348, 349
 
ejection, 342
 
granule deformation, 339, 340
 
other pressing modes, 351
 
powder flow, filling, 335
 
pressing granules, 333
 
pressure transmission, 346
 
springback, 342, 343
 
stages, 329
 
surface roughness, 340, 349
 
tooling, 330, 331, 350
 

Effective stress, 202, 228
 
Electron microscopy, 74, 75
 

Index 

Electrophoretic mobility, 141
 
Emission spectrometry, 70
 
Energy dispersive spectroscopy, 75
 
Extrusion:
 

body variables, 366
 
compositions, 359
 
defects, 368, 369, 370
 
die wall effects, 362
 
flow, 361, 364, 370
 
machines, 358
 
mechanics, 360, 362, 363, 364
 
stages, 356
 

Feldspar, 14
 
Ferrites, 4, 40,"321, 332
 
Fettling, 429
 
Filtration:
 

equipment, 302
 
parameters, 308, 309
 
theory, 307
 

Firing: 
atmosphere effects, 446, 448, 469
 
binder burnout, 447
 
cooling cycle, 469
 
glazes, 466
 
heating modes, 442, 445
 
heating rate effects, 459
 
kilns, 440
 
presintering processes, 445
 
product support, 442
 
sintering processes, 449
 

Flame spraying, 437
 
Flash point of liquids, 125
 
Flocculants, 152
 
Flocculation, 147, 163
 
Flow: 

of bulk solids, 279, 280
 
of pressing granules, 335
 

Flow diagram of processing; 13
 
Foaming agent, 179
 
Forming processes, 327
 
Freeze-drying, 53
 
Friction, 204, 206, 212, 344, 345
 

Gaudin-Schuhmann equation, 101
 
Gelation, 161, 162,248,388
 
Geometric mean size, 98, 103
 
Geometric standard deviation, 98, 103
 
Glass transition temperature, 174, 343
 

462,469 
Glazes:
 

application, 434, 437
 
firing, 466
 



Index 

Electrophoretic mobility, 141
 
Emission spectrometry, 70
 
Energy dispersive spectroscopy, 75
 
Extrusion:
 

body variables, 366
 
compositions, 359
 
defects, 368, 369, 370
 
die wall effects, 362
 
flow, 361, 364, 370
 
machines, 358
 
mechanics, 360, 362, 363, 364
 
stages, 356
 

Feldspar, 14
 
Ferrites, 4, 40,"321,332
 
Fettling, 429
 
Filtration:
 

equipment, 302
 
parameters, 308, 309
 
theory, 307
 

Firing:
 
atmosphere effects, 446, 448, 469
 
binder burnout, 447
 
cooling cycle, 469
 
glazes, 466
 
heating modes, 442, 445
 
heating rate effects, 459
 
kilns, 440
 
presintering processes, 445
 
product support, 442
 
sintering processes, 449
 

Flame spraying, 437
 
Flash point of liquids, 125
 
Flocculants, 152
 
Flocculation, 147, 163
 
Flow:
 

of bulk solids, 279, 280
 
of pressing granules, 335
 

Flow diagram of processing; 13
 
Foaming agent, 179
 
Forming processes, 327
 
Freeze-drying, 53
 
Friction, 204, 206, 212, 344, 345
 

Gaudin-Schuhmann equation, 101
 
Gelation, 161, 162,248,388
 
Geometric mean size, 98, 103
 
Geometric standard deviation, 98, 103
 
Glass transition temperature, 174, 343, 375,
 

462,469 
Glazes:
 

application, 434, 437
 
firing, 466
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Grain growth:
 
exaggerated grain growth, 456
 
grain growth equations, 454, 455
 
inhibitors, 455, 458
 
regular grain growth, 454, 456
 

Granulation:
 
direction granulation, 313
 
spray drying, 317
 

Granule characteristics, 319, 320, 324, 336
 
Green strength, 216, 217, 344
 
Grinding:
 

of particles, see Comminution
 
surface grinding, 426
 

Guoy-Chapman theory, 139, 146
 

Henry constant, 141
 
Heteropolar coagulation, 147
 
HLB number, 130
 
Hofmeister series, 146
 
Hot isostatic pressing, 471
 
Hot pressing, 470
 
Hydraulic cements, 168
 
Hydroclones, 300
 
Hydrolysis of ions, 136, 137
 
Hydrophilic groups, see Lyophilic groups
 
Hydrophobic groups, see Lyophobic groups
 
Hydrothermal preparation of powders, 55, 56
 

Industrial chemicals, 36
 
Industrial minerals, 32
 
Infrared adsorption, 72, 412
 
Injection molding, 373
 
Isoelectric point, 134
 
Isostatic pressing, 212, 349
 

Jiggering, 371
 

Kaolin,32,33,34,36,66,132,246,448,464
 
Kelvin equation, 20, 116
 
Kilns, 440, 441, 443, 444
 

Laminating, 429
 
Lamination defect, 399
 
Laplace equation, 19
 
Laser-assisted size analysis, 90, 91
 
Liquids:
 

adsorption on solids, 127
 
capillary effect, 24
 
compositions, 125
 
physical properties, 18, 125, 126, 413
 

Log normal distribution function:
 
calculation of mean size, 99
 
definition, 98
 >-­
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Log nonnal distribution function (Continued) 
parameters for materials, 100, 191, 193
 

Lubricants, 165, ISO, 332, 375
 
Lubrication:
 

in extrusion, 362, 365
 
in pressing, 342, 343, 344, 347
 
principles, 180, 207
 

Lyophilic groups, 128, 129
 
Lyophobic groups, 128, 129
 

Magnesia, 34, 52
 
Materials, see also Raw materials
 

characterization, 59
 
compositions, 8, 31, 47
 

MBI index, 1I6, 1I9
 
Mercury intrusion analysis, 111
 
Micelles, 130
 
Microscopic analysis, 75, 83
 
Milling, see Comminution
 
Mixedness:
 
analysis of, 283, 284
 
homogeneity, 281
 
intensity of segregation, 281
 
microscale, 285
 
parameters, 282, 283
 
randOm, 281
 
scale of segregation, 281
 

Mixing:
 
difficult situations, 295
 
equipment, 286
 
general performance, 293
 
granular materials and powders, 291
 
mechanisms, 285
 
plastic bodies, 291, 357
 
slurries, 286, 398
 

Mohr-Coulomb equation, 219
 
Montmorillonite, 34
 

Nitrides, 6, 38, 54, 384, 458
 
Nonaqueous liquids, 126, 359, 384, 397, 422,
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Particle concentration processes, 298
 
Particle mechanics:
 

contact stress, 202
 
effective stress, 202, 228, 327, 392
 
friction, 204
 
Mohr-Coulomb equation, 211
 
q-p loading diagram, 209
 
strength of agglomerate, 215
 
stresses in powder mass, 208, 209
 

Particle packing:
 
Andreasen distribution, 192, 193
 

Index 

configurations for packed spheres, 186
 
coordination numbers, 187
 
Dinger- Funk distribution, I94
 
Furnas model, 188, 189, 190
 
hindered packing, 195, 196
 
log normal distributions, 191
 
packing densities, 186, 187, 188, 190, 191,
 

192,194,195,196,449
 
particle contacts, 188
 
particles per unit volume, 187
 
pore sizes, 1I2, 187, 196, 305
 

Particles:
 
calculating mean size, 96
 
characteristics, 61
 
charging, 132
 
CLA roughness, 205
 
density, 105
 
shape factors, 86
 
size analysis techniques, 83, 92, 93
 

Particle separation processes, 298
 
Permeability, 303, 304, 305, 306, 391
 
Phase analysis, 71, 73
 
Phosphate bonds, 167
 
Physical adsorption, 21
 
Plastic forming, 355
 
Plasticity, 218, 220
 
Plasticizers:
 

for organic binders, 174, 177, 332
 
for polymers and waxes, 179, 375
 

Plastic pressing, 371
 
Point of zero charge, 133
 
Poiseville equation, 24
 
Polar groups, 128, 138
 
Polyelectrolytes, 137, 383
 
Polymers, 165, 166,375
 
Pore pressure, 203
 
Pore size analysis, 1I0, 1I6, 459
 
Portland cement, 169, 170
 
Preservatives for binders, 181
 
Presintering processes, 445
 
Pressing, see Dry pressing
 
Printing:
 

compositions, 430
 
decals, 433
 
defects, 432
 
pad transfer printing, 433
 
screen printing variables, 430, 431
 

Properties for classifying ceramics, 8
 

Quartz, 34, 35
 

Raw materials:
 
Bayer process, 38
 

Index 

crude, 31, 32
 
industrial inorganic chemicals, 36
 
industrial minerals, 32
 
kaolin refining, 36
 
solid-state reactions, 41
 
special inorganic chemicals, 47
 
specifications, 63
 

Rheology:
 
apparent viscosity, 230
 
behavior of binder solutions, 160, 162
 

237, 238
 
behavior of slurries, 239, 240, 242, 243
 

247,318,383,388,398,435
 
Bingham behavior, 230, 362, 363
 
Casson equation, 231
 
dilatent behavior, 230
 
gel strength, 231,236,388
 
laminar flow, 235
 
Newtonian behavior, 229
 
plastic bodies, 220, 221, 222
 
pseudoplastic behavior, 229, 235, 376,
 

435
 
Reynolds number, 87, 235, 303
 
sbear rates in processing, 232
 
shear resistance, 218, 228
 
slippage, 233
 
test methods, 232, 234
 
thixotropic behavior, 231, 236
 
turbulent flow, 235
 
viscosity of liquids, 125, 229
 

Roll pressing, 351
 
Rosin-Rarnmler equation, 99
 

Scanning electron microscopy, 74
 
Schulze-Hardy rule, 146
 
Science in ceramic processing, 12
 
Screening, 299
 
Sedimentation analysis, 87
 
Sedimentation density, 148
 
Separation processes, 298
 
Shear rates in processing, 222
 
Shear resistance, 218, 220, 222, 228
 
Sieve series, 475
 
Sieving techniques, 86
 
Sintering:
 

chemical doping, 56
 
definition, 440
 
densification aids, 449,459, 463
 
of glass:
 

bloating, 462, 463
 
Frenkel equation, 461
 
Mackenzie-Shuttleworth equation, 46
 
slumping, 462
 



485 Index 

crude, 31, 32
 
industrial inorganic chemicals, 36
 
industrial minerals, 32
 
kaolin refining, 36
 
solid-state reactions, 41
 
special inorganic chemicals, 47
 
specifications, 63
 

Rheology:
 
apparent viscosity, 230
 
behavior of binder solutions, 160, 162, 164,
 

237,238
 
behavior of slurries, 239, 240, 242, 243, 244,
 

247,318,383,388,398,435
 
Bingham behavior, 230, 362, 363
 
Casson equation, 231
 
dilatent behavior, 230
 

)	 gel strength, 231, 236, 388
 
laminar flow, 235
 
Newtonian behavior, 229
 
plastic bodies, 220, 221, 222
 
pseudoplastic behavior, 229, 235, 376, 398,
 

435
 
Reynolds number, 87,235,303
 
shear rates in processing, 232
 
shear resistance, 218, 228
 
slippage, 233
 
test methods, 232, 234
 
thixotropic behavior, 231, 236
 
turbulent flow, 235
 
viscosity of liquids, 125, 229
 

Roll pressing, 351
 
Rosin-Rammler equation, 99
 

Scanning electron microscopy, 74
 
Schulze-Hardy rule, 146
 
Science in ceramic processing, 12
 
Screening, 299
 
Sedimentation analysis, 87
 
Sedimentation density, 148
 
Separation processes, 298
 
Shear rates in processing, 222
 
Shear resistance, 218, 220, 222, 228
 
Sieve series, 475
 
Sieving techniques, 86
 
Sintering:
 

chemical doping, 56
 
definition, 440
 
densification aids, 449, 459, 463
 
of glass:
 

bloating, 462, 463
 
Frenkel equation, 461
 
Mackenzie-Shuttleworth equation, 462
 
slumping, 462
 

of glazes, 466
 
with liquid phase, 463, 464
 
mass transport mechanisms, 451
 
shrinkage, 452, 461, 465, 466
 
in solid state, 449
 
stages, 450
 
of whitewares, 464
 

Sizing of particles, 298
 
Slip casting, 381
 
Slurries, 20 I, 249
 
Sol-gel forming, 403
 
Sol-gel preparation of powders, 53, 54
 
Solid-state reactions, 41, 42, 43, 44, 56
 
Solid-state sintering:
 

atmosphere effects, 459
 
densification aids, 449, 459
 
inhomogeneous sintering, 452
 
microstructural changes, 450
 
pore mobility, 457
 
stages, 449
 
transport mechanisms, 451
 

Solvent techniques for preparing powder, 51
 
Special inorganic chemicals, 47
 
Specific surface area, 113, 115
 
Spectroscopic analyses, 69
 
Spray drying, 51, 317
 
Spray granulation, 313
 
Spraying, 319,405,434
 
Spray pyrolysis, 52
 
Springback, 214, 219
 
Steric hindrance, 145, 196
 
Stokes settling theory, 88
 
Surface analysis, 76
 
Surface finishing, 426
 
Surface roughness, 35, 205
 
Surface tension, 17, 125
 

definition, 17
 
values, 18, 19
 

Surfactants, 128, 129,264,332,397,435
 
Syneresis, 161
 

Talc, 34
 
Tape casting:
 

examples of compositions, 397
 
defects, 399
 
process, 397
 

Thermochemical analysis, 43,77,79,115,446
 
Thermogravimetric analysis, 79, 446
 
Thermophysical analysis, 78, 162, 175, 448
 
Titanates, 41, 42, 65
 
Tortuosity, 304
 
Toughness, 219
 
Traditional ceramics, 8, 29
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Van der Waals force, 25
 
Vapor phase reaction, 54, 405
 
Vibratory milling, 258, 270
 
Viscosity, see also Rheology
 

aging, 247
 
behavior of liquids, 236
 
behavior of slurries, 242
 
coagulation index, 247
 
gelation effect, 162, 236, 388
 
hydrodynamic shape factor, 239
 
values for liquids, 125, 126, 478
 

Washburn equation, I IO
 
Washing operations, 298, 310
 
Water:
 

Index 

adsorption on surfaces, 127
 
conductivity, 124
 
properties, 18, 125, 126,413,478
 
reagent grade, 126
 
total dissolved solids, 124
 

Wetting, 22, 129
 
Whiteware, 8, 464
 

Young equation, 22
 

X-ray diffraction, 73
 

Zeta potential, 141, 142, 143, 196
 
Zircon, 34
 
Zirconia, 34
 




