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Abrasion, 555
in blast furnace, 556
Abrasion resistance, 554
Abstracts, bibliography of, 14
Abundance, relative, of refractory forming
elements, 54
Accessory minerals in clay, 36
Adsorbed ions, 29
Adsorbed water, 178
Aftershrinkage (see Shrinkage, reheat)
Air-cooled walls for bailer furnaces, 618
Air furnace for malleable iron, 580
Air hbammer for ramming ahapes, 126, 140
Air locks for tunnel kilns, 250
Air preheatera, 254
Air ramming of shapes, 128
Air separators, 84
Air-water-clay system, 150
Airplane, rocket powered, 659
Akron, 21, 22
Alamogordo, 646
Alkali vapors, effect of, on refractories, 485
Allophane, 31, 32, 39, 40, 60
analysis of, 39
Allotropic change, 484
a-alumina, 44
falumina, 56
v-alumina, 45
Alumina, forms of, 44
properties of, 201, 318, 356, 488
sintered, 304
for tank blocks, 674
Aluminates, equilibrium diagrams of, 364
melting point of, 358
Aluminum, formate, 148
manufacture of, 614
Amanda furnace, 22
Amboy, 18
Anguxite, 32
Anchor holts, for walls, 684
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Andalusite, 43
firing properties of, 204
thin section of, 46
Annulus, properties of, 745
Anorthite, 462, 488

‘Apparatus, differential thermal, 33, 34

for measuring drying shrinkage, 161
for measuring particle size, 542
for measuring viscosity of slips, 101
for measuring workability of clay, 102
Arch, bonded, 705
bung, 709
catenary, 700
circular, data on, 700
expansion joints for, 712
forms for, 729
jack, 707
perforated, 712
relieving, 707
ribbed, 707
ring, 706
spans for, 702
special, 706
sprung, 698
steelwork for, 703
stresses in, 698
suepended, 733
thicknesa of, 702
Arch brick, table of, 523, 524, 718
Area mean, 548
Argonne, 646
Arsenic, effect of, on refractories, 466
Asbestos, structure of, 631
Agbestos rope, 690
Aghland, 22
Atom, structure of, 631
Atomic nucleus, 631, 632
Auger, 123
capacity of, 128
deairing, 124
Autoclave, for growing crystals, 333
Axial compressor, 655
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Baddeleyite, 55, 60
Bafflc, boiler, 823
Ball elay, 40, 42
chemical analysis of, 42
particle gize of, 37
Ball mills, 84
capacity of, 87
Baltimore, 20
Barium oxide, 318, 356, 651
Barn, 637
Base-exchange capacity, 36
Bases, exehangeable, 35
Bauxite, 43
production of, 59
Bauxite deposiis, Arkanssas, 23
Bauxitic clay, definition of, 27
Beidellite, 32
Bellport furnace, 22
Bennington, 18
Beryl, 55, 60, 333, 488
Reryllia, 55, 307, 488, 651, 652
analysis of, 307
firing procedures for, 311
forming procedures for, 309
health hazard of, 312
properties of, 201, 307, 312, 318, 336
Beryilium, 640
Beryllium carbide, 201, 322, 651, 652
Beryllium nitride, 201, 326, 327, 651
Beryllium sulphide, 328
Bessemer converter, 584
Bibliographies, list of, 13
Bikini, 646
Billet-heating furnace, 589
Binders, inorganic, 135
Black liguor, 620
Black-liquar furnace, 629
Blast furnace, iron, 563
lead, 610
service conditions in, 566
type of refractories used in, 565
Bloating, 205
Blow pipe, 260
Blunging, 112
Boiler furnace, cyelone, 626
development of, 617
marine, 628
oil fired, 628

REFRACTORIES

Boiler furnace, powdered-eoal-fired, 6
spreader-stoker-fired, 627
walls for, 617
wadte heat, 620
Boiling point, 306, 318, 322
Bolivar, 21
Bonding, of arch, 706
chemical, 148
composite walls, method of, 661
melting point of, 359
of walls, 687, 690
Bonds, 331
Books, list of, 10
Boron, 356, 648, 648
Boron carbide, 201, 322, 324, 640
Boron nitride, 321, 326, 649
Bosh, 564, 567
Boston, 17
Braintree, 16
Brass, melting of, 603
Brass-melting furnace, 606
Brick, chrome, 106, 572
chrome-magnesite, 196, 574
foraterite, 196
fracture of, 426
handmade, flow diagram of, 113
high-alumina, 193
laying, cost of, 736
magnesite, 193
molding of, 94
goft-mud, flow diagram of, 113
stiffi-mud, fow disgram of, 122
structure, effect of spalling on, 444
Brickwork construction, 684
estimation of, for domes, 730
for sprung arch, 726
Bright annealing furnace, 590
Brucite, 31
Bubble strueture, 144
Buekatay, 704, 705
Bulkheads, open-hearth furnace, 572
Bulldozer, 76
Bung areh, brick shapes for, 526
Bungs, 529
Burley clay, 27
Burner, air-atomizing oil, 230
gas, 232, 259, 260
mechanical atomizing, 229
oil, installation of, 231
steam-atomizing oil, 230

|
|
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Burner, tiles, 528

Burning temperature, effect of, on spalling,
445

By-product coke ovens, 670, 678

, C

Calcium oxide, 318, 331, 356, 651
Calorimeter, 504
Canon City, 22
Car speed, in tunnel kilng, 251
Carbides, 317
forming of, 324
melting point of, 359
properties of, 322
Carbon, 651, 652
Carbon blocks, in blast furnace, 196
Carbon monoxide, action of, on refractor-
ies, 466
Carbon tube resistance furnace, 263
Carburetor, water gas, 679
Cast glass tank blocks, 674
Cast refractories, 207, 621
Casting, drain, 111
of glass pots, 109
of grog, 109
methods of, 112
alip, properties of, 107
solid, 111
Casting process, 107
Catenary, 700, 701
Celsian, 488
Centrifuge, long-arm, 542
Ceria, 318, 356, 364, 385, 488
Cerium earbide, 322
Cerium nitride, 326
Cerium sulphide, 330
Cerium sulphide reaction, 634
Chalk River, 646
Chamber, hydrostatic, 138
Chamber kilns, 243
Checker brick, size of, 525
Checker chambers, open-hearth steel fur-
nace, 575
Checkerwork, in tunnel kilns, 232, 249
Chemical bonding, 148
Chemical methods of ore treatment, 89
Chemically bonded refractories, 148
China clay, 39
Chlorine, attack of, on refractoriea, 468
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Chrome brieks, size of, 524
Chrome ore, chemical analysis of, 54
Chrome oxide, 314
Chrome plastics, 294
Chrome refractories, early history of, 22
Chromite, 52, 61, 195, 488
production of, 39
thin section of, 53
Chromium oxide, 318, 356, 488
Chrysoberyl, 201
Circle, properties of, 745
Circle brick, 697
Eizes of, 525
table of, 725
Circular arch, characteristics of, 698
Clay, ball (see Ball clay)
burley, 27
classification of, 30
crucibles in, sizes of, 533
definition of, 27
disspore, 27
fire, 27, 41
fring of, 175
flint, 27
high-alumina, 43
anslysis of, 44
lahoratory production of, 29
nature of, 28
origin of, 29
particle size of, 37
physical propertics of, 37
plasticity of, 37
poroaity of, 176, 183
residual, 29
ghrinkage of, 38, 176, 183
alip, 95
storage system, 90
transported, 29
workability of, 104
Clay impurities, effect of heat on, 180
Clay minerals, 28, 30, 33
Clay refractories, production of, 4
Clay-water system, 85, 100, 106
Coal, 56
Coal-ash slag, 462
Cobalt, 648
Cabalt oxide, 649
Coefficient of thermal expansion (see Ther-
mal expansion)
Cake, 56
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Coke-oven refractorien, 526, 677
Coking process, 678
Colorado, early firebrick manufacturing
in, 22 ’
Columbium, 356, 651
Columbium carbide, 322, 851
Columbium nitride, 326, 651
Columbium ore, 57, 318
Columbium oxide, 357, 651
Combustion chambers, 660
Combustion gas, properties of, 234
Combustion zone, 246
Components of a system, 362
Composite walls, 691
Compression test, 553
Computation of heat flow, in compound
wall, 512

in eylinders, 513

in simple wall, 510
Concretes, refractory, 207
Condenser in zine manufacture, 607
Conduction, heat, 500
Conductivily (see Thermal conductivity)
Cone, fusion point, 351

properties of, 747

pyrometrie, table of, 738

test, 350
Connellsville, 22
Constant-rate periad of drying, 1567
Control, chemical, of raw niaterials, 89
Control rods, 649
Convection, heat, 501
Conversion factors, heat units, 499
Converters, copper, 601
Cooling zone, tunnel kiln, 243
Capper, alloys of, 603

anode refining furnace for, 602

canverters, 601

industry, clasgification of refractories

for, 5398

melting of, 603

reverberatory matting furnace, G0Q
Cormnpdum, occurrence of, 45, 61

single crystals of, 332

in slags, 463

thermal expansion of, 488

thin section of, 48
Couples, chromel-alumel, tahle of, 729
Coupling efficiency, 267
Cracks develaped, in brick, 449

REFRACTORIES

Cracks developed, in spalling, 424
in sphere, 422
Creep tests, long-time, 408
values of, 663
Cristobalite, 190, 191
Critieal point, in drying, 157, 162
in plastic mixes, 99
Crown, 700
Crucibles, in blast furnace, 564
elay, size of, 533
early history of, 18
graphite, size of, 534
Crushers, gyratory, 84
" hammer-mill, 85
jaw, 82
ring-roll, 856
roll, 82
Crushing, 82
Crushing strength of refractories, 553
Crystal, flow of, 401
single, 332
Crystal forms of alumina, 45
Cupola, 567
Cupols blocks, table of, 525
Cutter, wire, 125
Cylinder, properties of, 746
Cylindrical method of measuring thermal
eonductivity, 505

D

Daxad, 542

Day tanks for glass, 670
Deairing auger, 124
Desiring dry press, 131
Defloceulation, 107

, Deflocculents, 109

Degrees of freedom, 362
Delaware, early fire brick manufacturing
in, 20
Density, melting-point relation of, 355
of refractories, 201, 318, 322
Detrick suspended arch, 733
Deuterium, 640
Dialygis cell, 35
Diamond, 61
Diaspore, analysia of, 34, #4
effect of heat on, 182
Missouri, 43
occurrence of, 61
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Diaspore, relation of, to other minerals, Electrical resistivity, measurement of, 554

32
structure of, 182
thermal curve of, 33
Diaspore clay, definition of, 27
. Dintomaceous earth, 48
analysis of, 49
Dickite, 31, 32, 61
TDie, hot-pressing, 200
steel, 311
wear of, 144
Diffusion pump, boiler fluids for, 277
Diffusivity, thermal, 434
Dilateney, 94
Dolomite, 51, 59
Dwome, brick for, 731
caleulations of, 729
stresses in, 729
Domestic heating, 680
Door construction, 634
Dover, 21
Downtakes, 573
Drier, 157
eohtinuous, 170
digtribution of heat in, 168
hot floor, 168
humidity, 170
temperatures in, 169
tunnel, 169
types of, 168
Dry pan, 34
Dry press, 130
deairing, 131
pressurc digtribution in, 134
process for, 128
Dry strength, 165
Drying, constant rate period, 157
efficiency of, 166
{alling rate period, 157
mechanism of, 157
moisture gradient in, 160
Drying rate, maximumn, 166

E

East Liverpool, 20
Elasticity, 04
Elasticoplastic material, 94
FElasticovizeous material, 94
Electrie-are furnaces, 585

values of, 20, 306, 320, 323, 556
Electrolytes, as effecting viscosity of slips,
98
Electron microscope, 177
Electrostatic separation of minerals, 89
Electrotbermic zine furnace, 610
Eiements, of high moderating ratio, 652
melting point of, 356
Ellipae, properties of, 746
Flutriation, 547
Emeralds, 333
Emission coefficient, 502
Enamel, high temperature, 661
Ensaimneling, 681
End walls of open-hearth furnace, 572
Equilibrivin diagrams, 362
interpretation of, 363
list of, 364
methods of obtuining, 363
Erosion, of typical glass tank, 471
Eutectic point, 364
Eutectics, high melting, 317
Evaporation chart, 158
Exeavators, 77, 78
Exchangeable bases, 35
Expanding ninerals and shrinkage con-
trol, 203
Expansion, thermal {see Thermal
expansion)
Expansion curves, 482-485
Expansion joints, 622, 634
in arches, 712
" In hearths, 685
in walls, 692
width of, 602

F

Falling-rate period in drving, 157
Fuyalite, 464
Filter-pressed, 112
Firc travel in continuous kilns, 244
Firebrick (se¢ Brick; Insulating frebrick)
Fireclay, 41

analysis of, 42

classifieation of, 30

distribution of, 40, 41

drying shrinkage of, 165

firing shrinkage of, 186-180
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Fireclay, flint, 27

origin of, 29

particle size of, 37

plastic, 43

porosity of, 186-189

production of, 59

thermal curve of, 176
Fireclay bricks, early history of, 17

super-duty, 43, 675
Fireclany muffles (see Mufftes)
Firestone, 48

Firing properties of kyanite minerals, 192

Firing shrinkage, control of, 202
Fission, energy of, 635

Fission power available, 634

Fission process, 632

Fission products, 635

Fissionable material world sources, 642
Fizeau interferometer, 479

Flexibility, 433, 444

Flint clay, definition of, 17

Floor openings, in kilng, 237, 241

Florida, early firebrick manufacturing in,

20
Flotation, 89
Flow, of crystals, 401
of glass, 401
of heat through walls, 510, 512
of mixture of crystals and glass, 402
of suspensions, 95
types of, 94
Flow field of porcelain, 403
Flow properties, of plastic body, 100
Flow rate, of refractory, 403
Flow relation, in kaolin suspension, 95
Flue, construction of, 697
Flue arrangements for kilns, 240
Fluid, definition of, 94
Flux blocks, 524, 670
Forge furnace, 590
Formulas, useful, in calculations, 745
Foraterite, 53, 62
Forsterite bricks, 196, 603
Foundations, 684
Fourier's equation of heat flow, 428
Frederick, 17
Fritting, enamel, 681
Frustum, of cone, properties of, 747
of pyramid, propertica of, 747

Furnace, Ajax-Wyatt, 606

Fuel consumption, for compartment kiloj

244
expresaion of, 237
for periodie kilns, 242
for tunnel kilns, 252

black-liquor, 629
boiler, 623, 625, 626, 628
bright annealing, 590
car bottom stress-relieving, 590
carbon tube, 253
continuous zinc distilling, 610
copper, alloy melting, 603
copper anode refining, 602
cyclone, 626
electric are, 264
electrothermie zine, 610
floora for, 685
forging, 590
foundations for, 684
for fusion point, 351
globar, 264
heartha for, 685
heat-treating, 590 ]
high-frequency, atmospheric pressurey
268
induction, 264
vacuum, 239, 282
quartz, 284 b
(See aiso High-frequency indue-
tion melting furnaces)
induction melting, 587, 606 ;
for kilns, 228 1
laboratory, 259 i
clectric lieated, 263
lead dressing, 612 !
for load test, 405, 409 |
to measure coeflicient of expansion, 481
oxide resistor, 263
propane-oxygen, 263
rocking arc, 606
for shrinkage test, 489, 492
slag tap, 623
for slag test, 459
solar, 264
for spalling test, 437439
stress-relieving, 590
for thermal conductivity, 503
walls of, 686




SUBJECT INDEX

Furnace, wire bar, 603
zine distillation, 607
Furnsce stone, history of, 15
Fusion point, of bricks, 36
determination of, 347
effect of atmosphere on, 354
cffeet of composttion on, 354
furnace for, 351
specimens of, preparation of, 352
standard method, 348
value of, 361
(See alse Melting point; Softening
point)
Fusion process, 347

G

Gallium oxide, 357, 651
Ganister, mining of, 81
occurrence of, 46
properties of, 46
ramming mixes, 205
Gas, bubbles of, 143
natural, 232
physical properties of, 274
premixed, 260
producer, 232
in refractories, 466
velocity of, 236
Gas burners, 259260
Gas turbines, 655
refractories for, 654
Gauges, vacuum, 278
Generators, high frequency, 269, 270
Gibbsite, analysis of, 44 '
effects of, on heating, 182
oecurrence of, 43, 62
properties of, 43
structure of, 31, 32
thermal curve of, 34
Glasa, analysis of, 335, 455
composition of, 455
early history of, 16
flow characterigtics of, 41
high alumina, 335
metal sealing, 335
refractory, 335
soda-lime, 463
vigcosity of, 335
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Glass erogion of refractories, 471
Glass furnace, 670-672
Glass pots, 674
early history of, 16
sizes of, 534
Glass refractories, 670
testing tanks, 460
Glass tank, 670
action of glass on, 471
continuous, 670
Glass tank blocks, cast, 674
sizes of, 524
Glass tank bottown, construction of, 670
Glaze, for high-temperature porcelaing, 535
Goethite, effect of heat on, 182
Golden, 22
Graphite, 58, 39, 62, 3566, 508
Great Falls copper converter, 601
Grog, effect of, on spalling, 445
size, control of, 91, 146
gizing, 145
use of, 202
Gyratory crusher, 84

H

Hafnium, 356, 649

Hafnium carbide, 322, 649

Hafnium nitride, 326, 649

Hafnium oxide, 357, 649

Haigerlock, 646

Halloysite, analysis of, 39
oecurrence of, 39, 62
gtructure of, 31, 32

Hammer mill, 85

Hand malding, of shapes, 116-119

Hand ramming, dry-press consistency,

126~127

Hand repress, 120

Handling methods, 255

Hanford, 644

Hardness, of clay, on heating, 178
of refractories, 201, 318, 322
relation of, to melting point, 355

Harmonie-flow method of heat flow meas-

urement, 506

Headers, 685

Hearth, 685

Hcarth blocks, 685
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Heat, absorption of, 209
balance of, in kilns, 238
changes in, methods of measuring, 175
in eylinders, 513
effect of, on hydrated minerals, 181
evolution of, in minerals, 176
quantity of, to fire ware, 209
specifie, 208
transfer of, 234
theory of, through porous body, 500
transmission of, 498
variable flow of, 500
Heat conduction, laws of, 498
Heat flow, computation of, 512
unsteady, 518
Heat losses through walls, 514
Hesat-penetration curves, 501
Heat storage capacities of wall structures,
514
Heat treating furnaces, 590
Hematite, 63, 182
High-alumina black, 667
High-alumina brick, 23, 606, 608, 677
High-alumina grog, 494
High-alumina refractories, history of, 23
High-aluming shapes, 606
High-frequency induction melting fur-
naces, 587
firing eycle for, 272
generators for, 268-270
vacuum firing system for, 272
High-grog casting slip formula, 109
High-temperature enamel, 661
Hiroshima, 646
Homestead, 23
Horizontal expansion joints, 689-691
Hot-blast stove checker brick, 565, 567
Hot floor, 168
Hot molding, 149
Hot-pressed materials, physical properties
of, 201
Hot pressing, 198
Hot tops, 580
Hydrated materials, effect of heat on, 181
Hydraulic pusher, 250
Hydrocarbon gases, action of, on refrac-
tories, 467
Hydrometer method of measuring particle
gize, 542

REFRACTORIES

1

Illite, efiect of heat on, 182
Ilmenite, 55, 63
Image shift, in reading telescope, 482
Incinerators, 680
Induction heating, principles of, 265
Insulating firebrick, 734
anchoring of, 693
in boiler furnaces, 620
in domes, 730
as duct lining, 697
load-bearing capacity, 142
molding of, 413
skewbacks of, 702
sprung arches of, 702
in suspended arches, 735
value of, in tunnel kilns, 668
Insulation, bonding of, 691
of copper reverberatory furnace, 600
of glass tanks, 674
of hearths, 685
of jet engines, 665
of kilns, 668
of ladles, 578
Interferometer method for meastiremen
of thermal expansion, 479
Iridium, 356
Iron, 651
Iron and magnesite brick, 464
Iron oxide, 651
Iron and silica brick, 464
Isochromatic bands, 421
Isoclinic lines, 421
Isothermals, 421
Isotopes, 631

J
Jet-propulsion refractorics, 654

K

Kaolin, 38
analysis of, 39
definition of, 27
heat changes in, 178
occurrence of, 38
origin of, 29
particle size of, 37, 38
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Kaolin, production of, 58
properties of, 38
regidual, 27
sedimentary, 28
thin section of, 179
Kaolin bricks, early history of, 19
in glass tank construction, 674
Kaolinite, erystals of, 28
occurrence of, 63
strueture of, 31
thermal curves for, 34
Kentucky, early firebrick manufacturing
in, 22
Key brick, table of, 724
Kiln, areas for, 241
burners for, 220
Chinese, 227
continuous compartment, 243, 244
fire travel in, rate of, 244
fuel consumption of, 244
early history of, 227
efficiency of, 237
electrie, heating of, 233
furnaces for, 228
furmiture for, 527, 669
gas burners for, 232
general principles of, 228
globar, 263
heat halance of, 238
insulation of, 240
oil burners for, 229
oxygen-propane, 262
periodic, 238
dimensions of, 241
down draft, 240
flue systems for, 240
fucl consumption of, 242
heat balance of, 238 .
refractories for, 667
rotary, 253, 677
setting of, 241
shaft, 253
Kiln laboratory, 259
gas burners for, 260
large, 261
Kiln tunnel, 244
capacity of, 251
car seal, 249
construction of, 247
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Kiln tunnel, cost of, 253
dimensgions of, 250
fuel consumption of, 252
Kittanning, 21
Koppers oven, 677
Kysnite, 44
clay mixes of, 204
effect of heating on, 192
expansion of, 203
occurrence of, 44
in porcelains, 535
production of, 58
thin section of, 147

L

Ladle mixes, 294
Ladles, 575
Lanthanum carbide, 322
Lanthanum nitride, 326
Lanthanum oxide, 318, 357
Lead, manufacture of, 610
Lead blast furnace, 610, 611
Lead industry, classification of refractories
for, 613
Lead-refiming furnaces, 612
Length mean of particles, 548
Lepidoeroeite, 182
Lightweight conerete, 297
Lime, hurning of, 675
changes of, on heating, 195
early history of, 17
oecurrence of, 52
Lime-kiln brick, 875
Lincar change, permanent, test for, 480
Linseed oil, 148
Lithium, 648
Lithium oxide, 357, 649
Load-bearing capacity, factors influencing,
415
teat for, 405
values of, for firebrick, 412
for insulating firebrick, 413, 414
for special refraetories, 413
Load failure, meehaniem of, 401
Load test, standard, schedule for, 408
time-temperature curve, 412
Load-test furnace, electrically heated, 409
torsion, 412
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Load-test results, application of, to design,
416
long time, 408
Load tests, European, 407
Los Alamos, 646

M

Magnesia, 148, 313
properties of, 201, 318, 357, 4588, 651
Magmesia ramming mixtures, 295
Magnesite, analysis of, 51
blocks of, in lime kilns, 675
bottom of, in open-hearth steel furnace,
572
dense, 313
firing properties of, 193
accurrence of, 50, 63
production of, 58
Magnesite brick, burning of, 193
in copper converters, 620
in Jead refining furnaces, 612
Magnesite ramming mixtures, 549
Magnesite refractories, early history of, 23
Magnesium sulphide, 651
Magnetic separation, 88
Malleable furnace shapes, 526
Mallesble iron, manufacture of, 580
reverberatory furnace for, 581
Malleable iron industry, service of refrac-
tories in, 582
Manganese, 648
Manganese oxide, 649
Marine hoiler furnaces, 827
Marion County, 22
Maryland, early firebrick manufacturing
in, 20
Materials, for reactors at high temperature,
847
refractory, location of deposits in U. 8.,
302
Mechanical strength of clay on heating,
178
Mellor mean, diameter of particles, 548
Melted refractories, 207
Melting point, of aluminates, 358
of borides, 359
of carbides, 322, 359
definition of, 347
effect of atmosphere on, 353

REFRACTORIES

Melting point, effect of composition on,
353
of elements, 356
of nitrides, 359 -
of oxides, 356
of phosphates, 360
of pure materials, 360
relation of, to atomic atructure, 355
of silicates, 357
of spinels, 360 )
standard method of determination, 348
sulphidea, 328
of titanates, 359
value of, 361
of zirconates, 360 :
(SeeatsoFusion poiat; Softening point)
Metals, abrasion-resisting, 144
electrical conductivity of, 556
melting point of, 356
refractory, properties of, 306, 356
Mecthy! silicate, as bond, 148
Mica, 333
Mica schist, 15, 585
Microscope, measurement of particle sizes ;
by, 547
Mineral-dressing methods, 88
Mineral wool, 690
Mineralizers, 191
Minerals, clay, 30, 32
expanding, 192
natural, table of, 60
price of, 56
production statistica of, 56
gilica, 46
gillimanite types of, 43
Mining, of clays, 76
cost of, 81
of ganister, 81
open-pit methods of, 76
underground methods of, 79
Mirrors, sapphire, 411
Missouri, early firebrick manufacturing in,
22
Moderators, 640, 649, 652
Moisture distribution, in plastic clay, 160
Molding, hot, 149
hydrostatic, 136, 143
methods of, 94
Molds, for handmade shapes, 115
plaster, 110-112
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Molds, ruhber, 137, 142
Molybdenum, melting point of, 356
production of, 57
Monkton, 19
Monolithie construction of hearth, 685
Montmorillonite, effect of heat on, 182
Morin, 178
Mortars, air-setting, 291
application of, 262
fireclay, 200
heat-setting, 290
production of, in U. 8, 6
refractory tests for, 293
special, 202
Mt. Savage, 20
Mt. Union, 22
Muffles, 531
sizes of, 531
Mullite crystals, 488
in fired clay, 179, 487
in glass, 463
in slags, 461, 462, 465
tank blocks, 674
thin section of, 179
Muscovite, 32, 36

N

Nacrite, 32, 64
Nagasaki, 646
Naphthalene as pure forming material, 142
Natural furnace stone, 585
Natural gas, 232
Natural minerals, properties of, 60
Neutron absorption, 636
Neutrons, 636
New Brunswick, 17 R
New Castle, 16
New England, early firebrick manufactur-
ing in, 17
New Jersey, early firebrick manufacturing
in, 20
New Miliord, 17, 18
New Orleans, 20
New York, 17
Nickel, 651
melting of, 614
Nickel oxide, 65
Niles, 21
Nitrides, forming of, 327
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Nitrides, melting poiat of, 359

use of, 327
Nomographic chart, Casagrande, 544
Nonclay refractories, production of, 5
Nonferrous-metal industry, refractories

for, 598

Nontronite, 32
Nozzle for jet propulsion, 661, 662

for teeming steel, 579
Nuclear crass section, 636, 648, 650
Nuclear fission process, 631
Nuclear fuel, 549, 640
Nuclear properties of materials, 632, 638
Nuclear resctors, summary of, 646
Nucleus, properties of, 638

O

Gak Hill district, 21
Oak Ridge, 646
Ohio, early firebrick manufacturing in, 20
Oil for fuel, 229, 230
Oil burner, air-atomizing, 230
installation of, 231
mechanical atomizing, 229
Olivine, 52, 64 :
Oval glase, 462
Open-hearth furnace bottom, 570, 572
roof brick, 574
service conditicns in, 576
use of oxygen in, 575
Open setting, of ware, 530, 669
Optical pyrometer, 351
Ordvician clay, 32
Organie matter in elay, 36
Osmium, 350
Overfiring, 493
Oxides, melting point of, 356
properties of, 318
rarer, 314
refractory, 304
Oxygen-propane furnace, 263

P

Packing, of spherical particles, 145

Packing diagrame, three components, 147
two comnponents, 146

Panel spalling test, 436444

Panel wall construction, 618
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Paper-mill refractories, 681
Particle size, distribution of, for berylia,
309 ¢
for clays, 37, 38
interpretation of, 548
method of measurement, 537
for packing, 145, 146
Pebble heater, 254
Peiree-Smith copper converter, 602
Pennsylvania, early firebrick manufactur-
ing in, 21
Periclase, 64, 193
Periodic kilns, 238
Periodicals, list of, 12
Permeability, 550
of firebricks, 553
measurement of, 531
Permeability apparatus, 551
Perth Amboy, 20
Phase, 362
Phase diagrams, index to, 364
Phase rule, 362
Philadelphia, 21
Phosphates, 315
Phosphides, 331
Phosphoric acid, 148
Photoelastic method of stress determina-
tion, 420
Physical properties, variation of, with
particle size, 38
Pipe tester for thermal conductivity, 505
Pipette method of particle size measure-
ments, 541
Pittaburgh, 17
Plaster of Paris, 110
Plastic chrome ore, 629
Plastic flow, 402
Plastic masses, 98
Plasticity, definition of, 94
Plastics, 204
application of, 295
fireclay, 294
ladle mix, 294
packing of, 296
special, 204
testing of, 297
Platinum, melting point of, 350
Platinum crucibles, 670
Platinum glass tank, 670
Platinum metal, production of, 57

REFRACTORIES

Plugs, for steel teeming, 580
Plutonium, 634, 640
Polygon, regular, properties of, 745
Porcelain, composition of, 316
refractory, 315
tubing, sizes of, 535
Pore water, 161
Pores, method of obtaining, 185
Porosity, changes in, in heating clay, 183
of clay on firing, 186-190
control of, 206
diagram of, 147
measurement of, 183
valucs of, 186
Porosity determinations, precision of, 186
Portland cement, 677
Portland cement clinker, kilns for, 677
Ports, 604, 697
Posts, for kiln furniture, 530
Pot furnace, 261
Pouring-pit refractories, 575
Power piles, design of, 643
Power plants, aircraft, 655
Preheaters, 254
Prehcating zone, of tunnel kiln, 247
Pressures in toggle press, 131
Prevention of segregation in storage, 90
Producer gas, 232
Propeller turbo jet, 655
Providence, 16
Pueblo, 22
Pug mill, 115
Pulse jet, 658
Pulverized coal, boiler fired by, 626
Pulverizer, 84
Pyenometer, 554
Pyramid, properties of, 747
Pyrometric cones, for determination of
fusion point, 348
table of, 738
Pyrophyllite, 31, 32, 44, 58

Q

Quartz, density of, 190
expansion properties of, 507
occurrence of, 65
single crystal of, 322
structure of, 190
transformations in, 189
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Quartzites, 46
chemical analysis of, 47

R

Radial blocks, size of, 525
Radial dome brick, table of, 730
Radiant-heat transfer, 501
Radiation coefficient, 502
Radiation pyrometer, 574
Ram jet engine, 658
Rammed linings, 570, 579
Rare earths, 55
Rattler test, 555
Reactions, rate of, 454
Reactors, heterogeneous, 644
homogeneous, 645
refractories in contact with, 199, 468
temperatures of, 198, 266
Reburning, on load-bearing properties, 416
Recirculation, in kilns and furnaces, 238
Rectangle, properties of, 745
Recuperative action, 238
Reflectors, 649
Refractories, abstracts of, 14
bibliographies of, 13
books about, 10
bubble structure in, 144
cast, 107
chemical control of, 207
chrome alumina, 196
chrome silica, 196
clay, preduction of, 4
dry-press, 128
future trends in, 19
for generation of steam power, 617
history of, 15 .
in iron and steel industry, 563
load bearing capacity of, 401
mining of, 76
midcellaneous properties of, 537
nonclay, production of, 5
periodicalg about, 12
plastic, 294
porosity of, 188
recent developments in, 8
relation of, to other industries, 3
strength of {see Strength of refractories)
structure of, 549
in turbine buckets, 663

ki

Refractories, weight of, 688
Refractories industry, development of, 8
growth of, 3
scope of, 3
statistics of, 4-7
Refractory bodies, coating of, 208
firing of, 202
Refractory concretes, 297, 686
lightweight, 297
Refractory elements, abundance of, 54
Refractory materals, deposits of, 40, 41,
642, 643
Refractory metals, properties of, 305
Refractory mortars, 290
application of, 292
special, 292
tests for, 203
Refractory nitrides, 325, 326
properties of, 326
Refractory oxides, 318
Refractory porcelains, 315
sizes of, 534
Refractory sulfides, 327
Refractory systems, heterogeneous, 334
Regenerative cooling, 661
Regular triangular prisms, properties of,
746
Reheat shrinkage (see Shrinkage, reheat)
Re-press, 120, 125, 128
Resin bond, 148
Retorts, 531
Reverberatory copper-matting furnace,
598
Reverberatory furnace, for malleable iron,
581
Rhenium, 356, 649
Rheology, Society of, 94
Rheopecsy, 94
Rhodium, 356, 648, 649
Rhuthenium, 356, 651
Rise of arch, 500
Rocket, fuel combinations, 659
guide vanes for, 662
liquid fuel, 658
solid fuel, 659
V-2, 658
Rotary kiln, sizes of, 678
Rotary-kiln blocks, table of, 525
Rotary-kiln lining, sizes of, 678
Rowloek courses, 689
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Ruby, 332
Rutile, single crystals, 333

8

Saggers, 528

St. Louis, 22

Salem, 16

Sand, 48

Sand blsst test, 555

Sand seal, 249

Sandstone, 16, 585

Saponite, 32

BSapphire, 488

Saturation point, 89

Saugus, 15

Scattering process, 636

Scheidhauer and Geissing process, 135

Scioto County, 21

Scraper, 77, 78

Screen, B
Tyler series, 538
U. 8. Standard scries, 537

Screen analysis, plotting of, 537, 540

Sereening, 87

Secondary expansion, theory of, 492

Sector, propertics of, 745

Segment, properties of, 745
of sphere, properties of, 747

Segregation in bins, 90

Selenides, 33 ’

Service conditions, in blast furnace, 568
in by-prodnet coke oven, 679
in copper industry, 604
in eupola, 571
in glass furnace, 672
in lead industry, 613
in malleable-iron industry, 582
in open hearth, 576
in zinc industry, 609

Betting in kilns, 241
methods of, 242

Settling method of separation, 88

Shaft kilns, 253

Shaking apparatus, 539

Shapes, burning of, 240, 246
molding of, 128, 135, 140
apecial, 524
standard, 523

Sharon conglomerate, 47

Shear, rate of, 96, 101
Bhear failure, 427
Shear strain, 430
Shear stresses, 427

Shrinkage, conversion tables for, 163, 164

drying, 160
of clays, 165
measuremoent of, 162
mechanism of, 161
firing, of elays, 186-190
of kaolin, 177
of kyanite, 192
of magnesite, 193
of silica, 187
of mortar, 293 .
of plastics, 294
reheat, test for, 489, 490, 492
test for, 183
volume of, 183, 185
Shrinkage water, 161
Sieve (see Screen)
Siliea, density of, 190
expansion of, 487
fused, 335
polymorphous modifieations of, 190
properties of, 187, 319, 357
Silica brick, in coke ovens, 678
in copper refining furnaces, 602
in copper amelters, 572
in glass tanks, 674
history of, 22
molding methods, 121
in open-hearth furnaces, 533
reaction of, with iron slag, 464
super-duty, 575
thin section of, 192
Silica, inversions, 191
Silica minerals, 46
Silica wnodels, atomic, 190
Silica refractories, early history of, 15
Silicate of soda, 148
Silicates, high temperature, 134
melting point of, 357
Silicides, 331
Silicon carbide, 201, 322, 324
nitride, 326
Sillimanite, 43, 66
effect of heat on, 193
simple liquid, definition of, 94
Simulative service tests, 492
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Size analysis, settling methods, 54
Size distribution, plotting of, 540
Sizes, of checker brick, 526
of elay crucibles, 533
of cupola blocks, 525
of fire clay tile, 526
of flux bloeks, 525
of graphite ¢rucibles, 554
of kiln furniture slabs, 530
of malleable furnace shapes, 526
of muffies, 531
of poreelain tubing, 535
of radial blocks, 525
of standard shapes, 523, 524
Skewback, 702
construction of, 704
size of, 702-704
Slabs, size of, 530
Blag, analysis of, 455
coal-ash, 460
composition of, 455
Slag action, chemical effect of, 453
physical effect, of, 457
Slag erosion, 468
Slag penetration, 457
Slag reaction, produets formed in, 460
Slag resistance of refractories, 4€0
Slag-tap type of furnace bottom, 623
Slag test, laboratory, 458
Slag wetting of surfaces, 458
Slake, 37
Sleeves, refractory, 579
Slip easting process, 167
Slug, 115
Smelters, reverberatory, 588
Soaking pits, 587
Soap, soft, 111
Soapstone blocks, 629
Society of Rheology, 94
Sodium hydroxide, 98, 108
Sodium sulfide, 629
Soft-mud process, 114
Softening point, 347
test for, 348
(See also Fusion point; Melting point)
Boldier courses, 689
Solid, definition of, 94
deformation of, 402
elasticoplastic, definition of, 84
Solid reactions, 196
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Solubility, 306, 318, 320, 322, 328
Spalling, eracks developed in, 424
definition of, 420
test for, 436
theory of, 427, 431
Spelling characteristics of various bricks,
445
Spalling fractures in service, 449
Spalling tendency, 430, 432
Spalling test, A.8.T.M. panel, 441
furnace, 439
Special shapes, design of, 426
Specific gravity, determination of, 5564
Specific heat, 208
values of, 210, 308, 320
Specimens, fusion-point, 352
Spheres, fracture of, 425
Spinel, 66, 314
melting point of, 360
physical properties of, 201
single cryatals of, 333
Bpray slag tests, 458
Sprung arches, 98
Stacks, 698
Standard shapes, 523
Standardized brick umt, 689
Statistical mean diameter, 548
Statistics, of refractories industry, 3-7
Steady flow of heat, 498
Steam as disintcgrating agent, 467
Steam power, refractories for, 617
Steel inclusions, 580
Steelwork, for arches, 703
for domes, 732
Stiff-mud process, 123
Stiff-mud shapes, air ramming of, 126, 140
Btokers for kilns, 228
Stokes’ law, 541
Stone, furnace, 16
Stopper, for teeming steel, 579
Storage, of clay, 89
Storage bins, 255
Stourbridge, 17, 20
Stove linings, 18
Stoves for blast furnace, 565
Strength of refractories, 201, 318, 322, 553,
664
Stresa relicving furnace, 590
Stress-strain diagrams, 103
Stresses, principal, 421
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Stretched membranc theory, 104
Stretcher courses, 687, 689
Stripping overburden, 77
Strontium oxide, 357, 651
Strontium sulfide, 651
Sulfides, refractory, 327-331
Sulfite process, 148
Super-duty fireclay brick, 43, 675
Susceptor materials, 266
Suspended arch, firebrick, 733
blocks for, 733
insulating-firebrick, conatruction of, 734
sizes of block for, 526
Suspended roofs for copper reverberatory
furnace, 600
Suspension, thixotropy of, 97
viscosity of, 96
yield point of, 97

T

Tabling, 88
Tale, 31, 32, 58
Tamping, hot, 296
Tank, for testing glass refractories, 460
Tank blocks, 524
Tantalum, 356, 649
Tantalum carbide, 201, 322, 649
Tantalum nitride, 326, 327, 649
Teantalum ore, production of, 57
Tantalum oxide, 318, 357, 649
Tap holes, 530
Tap-out block, 526
Taunton, 20
Temperature, equalization of, in kilns, 236
Temperature breakdown, of clay impuri-
ties, 180
Temperature-conversion table, 737
Temperature distribution, 427
Temperature equalization, 235
Temperature gradients in spalling, 429
Temperature schedule for load tests, 406,
408, 412

Temperature stress tests, 421
Temperature stresses, in arches, 699

in solids, 420
Temperature uniformity in kilns, 236
Temple, 16
Tensile strain, 431
Tension failures, 426

for abrasion, 555

REFRACTORIES

Test cones, mold for, 353
Tetrachlorethane, 554
Textures, 550
Thermal analysis, 33
Therma! conductivity, apparatus for, 508
conversion factors for, 499
of erystals, 507
of glass, 507
harmonic flow method of, 506
of insulating materials, 509
measurement of, 502
of metals, 306
Northrup method, 506
of oxides, 320
of refractory brick, 508
of single crystals, 507
test for, 402
valucs of, 506
Thermal expansion, 479
of carbides, 323
effect of, on spalling, 432, 433
furnace for, 479, 481
of high-fusing crystals, 488
for hot pressed materials, 201
meagurcinent of, 479
of oxides, 320
of refractory metals, 306
of stlica mincrals, 485, 487
values of, for bricks, 482486
Thermacouple, chromel-alumel, table of,
739
copper-constantan, table of, 743
platinum, table of, 741
Thickness, of arches, 702
of wall, 686
Thixotrepy, 94
Thoria, 55, 201, 312, 319
ore production of, 57
Thorium, 356, 642, 651
Thorium carbide, 322, 651
Thorium nitride, 326, 327, 651
Thortum oxide, 351, 488, 651
Thorium sulphide, 331, 651
Ties, in compound walls, 691
Tile, sizes of, 526
Tin, manufacture of, 614
Tin oxide, 357, 651
Titanates, melting point of, 359
Titania, 55, 319
dense, 314
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Titania, effect of heat on, 186
Titanium, 356
Titanium carbide, 201, 322
Titanium nitride, 201, 325, 326
Titanium oxide, 357, 488
_ Tolerances in aizes, 523
Topaz, 44, 66, 193
Toronto, 21
Torsion tests, 411
Tractor loader, 80
Triangle, properties of, 745
Tridymite, density of, 190
expansion properties of, 487
structure of, 190
Truck, lift, 255
True density, measurement of, 554
Tungsten, 356
melting point of, 306
Tungsten boride, 319
Tungsten earbide, 201, 322
Tungsten ore, produetion of, 59
Tungsten oxide, 357
Tunnel driers, 169
Tunnel kiln, 244
Turbine buckets, 662
Turbine insulation, 665
Turbine nozzle blades, 665
Turbine rotors, 665
Turbo jet, 657
Turbo jet engines, temperature of, 657

U

U. 8. Bureau of Standards, electrical resis-
tivity measurements, 555

University of Chieago, 646
Unsteady heat flow, 518
Uranium, 640, 651

carbide, 322

compounds of, 648

nitride, 826, 651

oxide, 55, 319, 357, 651

production of, 57

sulfide, 325, 651
Uxbridge, 16

v

Vacuum attachment to dry press, 131
Vacuum duct design, 277
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Vacuum gauges, 278
Vacuum method of measuring porosity,
184
Vacuum principles, 273
Vacuum pumps, 275
Vanadium, 356
Vanadium carbide, 201, 322
Vanadjum nitride, 326, 327
Vanadium oxide, 319, 357
Vapor pressure of elements, 303, 306
Variance, 362
Viscosimeter, 101
Viscosity, 06
definition of, 94
of kaolin slips, 99
of water, 166
Voids, 144
Volume flow, of gases, 236
Volume shrinkage conversion, 162
Vyeor glass, 335

w

Walk, 115
Wall, 636

air-cooled, 617

anchoring methods for, 692

boiler, 617623

bonds for, 687, 691

expansion joints for, 682

flat stud tube, 622

heat loss through, 514

heat storage in, 514

insulation of, 694

number of brick in, 687

safe heights of, 687

sectionally supported, 617, 618

stability of, 619

thickness of, 686

tube and brick, 619

water, 621
Water-cooled door frames, 696
Water-film thickness, 165
Water gas generation, 6§79
Water-retention valucs, 293
Wedge brick, table of, 710
Wedge roaster, 599
Weight of refractories, 688
Weight loss, on heating clay, 175
Weight loss eurves, of minerals, 175
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West Coast, early firebrick manufactur-
ing on, 22

West Virginia, early firebriek manufactur-
ing in, 22

Wet pans, 84

Wetting of surface by slag, 458

Willsboro, 19

Wire-bar furnaces, 603

Wire cutter, 128

Woodbridge, 20

Workability of clays, measurement of, 100,
101

mechanism of, 104

Y

Yield point, in plastic masses, 100, 103
in slips, 97

Yttrium carbide, 322

Yttrium oxide, 319, 357

REFRACTORIES

Z

Zine, manufacture of, 607
refraetory service for, 609
Zine distilling furnace, 668
Zine oxide, 319, 357, 651
Zinc retort, 607
Zinc vapor in blast furnace, 566
Zircon, 55, 66, 195, 488
Zirconates, melting point of, 315
Zirconia, 55, 319, 357, 488, 651
dense, 313
effect of heat on, 185
forms of, 195
Zirconium, 356, 651
Zirconium carbide, 201, 322, 651
Zirconium minerals, chemical analysis of,
55
produection of, 57
Zirconium nitride, 201, 325, 326, ﬁjl
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