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Compacted graphite iron castings (continued)
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copper alloys, pouring temperatures of, 1038
degassing methods
auxiliary degassing methods, 1035
inert gas fluxing, 1033, 1035
oxidation-deoxidation practice, 1033, 1034
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pouring rate, 1042, 1043, 1044
runners and gates, 1042–1043
spru base, 1042
sprue, 1042
group I alloys, melt treatment for, 1038–1039
group II alloys, melt treatment for, 1039
group III alloys, melt treatment for, 1039
melting and melt control
electric induction furnaces, 1028–1029
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overview, 1027
overview, 1026
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history, 1019–1020
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overview, 1019
strip casting
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vertical continuous casting
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overview, 581, 582–583
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atmospheric humidity, 586
core baking (oil sand), 585–586
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permanent mold castings, cores in, 593
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sand bottom, 100
water-cooled, 102–103

D
Defects (common) in various casting processes
case studies
cavities: gas porosity and shrinkage, 1200–1201,
1202
discontinuities: hot tearing and cold shut,
1201–1202

inclusions, 1199–1200, 1201
international classification of common casting
defects, 1192–1199
overview, 1192
Degassing
aluminum foundry
aluminum degassing, 186–188
hydrogen sources, 185–186
overview, 185, 186
copper alloys, 189–192
magnesium, 188–189
overview, 185
Dendrite growth
columnar-to-equiaxed transition, 303–304
direction, 301–302
microsegregation and secondary arm
spacing, 303
model, 302–303
overview, 301
Die casting tooling
design tolerance, 737, 738
die casting dies, 734–735
die casting machines, 734, 735
heat removal
cooling requirements, analysis of, 741–742
heat flow, control of, 741
overview, 740–741
molten metal delivery, 734–735
overview, 734
product design, 735–736
secondary processing, 736
tooling and metal flow
air venting, 739
fluid flow, interaction of, with dies and
machines, 740
metal injection, 737–739
shrinkage, feeding of, 739–740
tooling, materials selection for
die casting dies, materials for, 742–743
die casting dies, wear and failure in, factors
influencing, 745–746
wear and failure modes, 743–745
Direct current arc furnace, 98
Dosing furnaces
dosing operation, controlling/monitoring,
183, 184
furnace recharging, 183–184
melt holding, 184
melt level, detection of, 183
overview, 182–183
Drip melting
cold hearth versus drip melting, 147
electron beam drip melted metals, characteristics
of, 145
electron beam heat source specifications, 144
equipment for, 144–145
ingots, horizontally fed, 144
ingots, vertical feeding of, 143–144
other process considerations, 144
overview, 143
Ductile iron castings
austempered ductile iron (ADI), 856, 869, 870
compressive properties, 861–862
ductile iron, classes and grades of, 856–857
fatigue properties, 862–865
fracture toughness
impact tests, 865–867
overview, 865
sharply notched specimens, fracture of, 867
hardness properties, 859
mechanical properties, factors affecting
composition, 857–858
microstructure, 857
section effect, 858–859
overview, 856
physical properties
density, 867
thermal properties, 867–869
shear and torsional properties, 861, 862
tensile properties
modulus of elasticity, 860–861, 862
overview, 859–860
tensile test, 860

E
Electric arc furnace melting
acid melting practice
acid steelmaking, 92–94
alloys, additions, 95
alloys, loss of, 95
the charge, 94
deoxidation, 94–95
overview, 91–92
the oxidation, 94
alloy storage, 91
arc furnace components
back-slagging pits, 90
fume/dust collection, 90, 94, 95
furnace shell, 90, 93
ladles, 90, 95, 96
overview, 88–89, 91, 92
pre-heat burners, 90
roof structure, 89–90, 92
spout, 90, 93
tap hole, 90, 93
tap-out, 90
tilt control, 90
water-cooling system, 90
basic melting practice
alloys, loss of, 98
basic steelmaking, 95–97
the charge, 97
final deoxidation, 97–98
overview, 95
reducing the heat, 97
EAF steelmaking, 98
iron, arc melting of, 98
overview, 87
power factor, 88
power supply, 87–88
quality-control testing equipment, 91
scales, 91
scrap storage, 91
Electromagnetic pumps
furnace circulation and scrap recycling
technology, 177
mold-filling, 177
overview, 177
types, 177–178
Electron beam melting
cold hearth melting
cold hearth melted materials, characteristics
of, 147
cold hearth versus drip melting, 146, 147
equipment for, 146
overview, 145, 146
principles of, 145–146, 147
refining and production data, 146, 148
superalloys, 147
drip melting
electron beam drip melted metals, characteristics
of, 145
equipment for, 144–145
horizontally fed ingots, 144
other process considerations, 144
overview, 143, 144
vertical feeding of ingots, 143–144
overview, 142
process description
electron beam heat source specifications,
143, 144
overview, 142–143
Electroslag remelting (ESR)
ESR furnaces
control parameters, 126–127
heavy ingots, electroslag remelting
of, 127–128
overview, 125–126
ingot defects, 129
ingot solidification, 128–129
overview, 124–125
process variations
electroslag rapid remelt, 129
electroslag remelting under vacuum
(VAC-ESR), 129
pressure electroslag remelting, 129
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Electroslag remelting (ESR) (continued)
steel ESR
overview, 130
oxygen, behavior of, 130
sulfur, behavior of, 130
ESR furnaces
control parameters, 126–127
heavy ingots, electroslag remelting of, 130
overview, 125–126
Eutectic alloys, solidification of
aluminum-silicon. See Aluminum-silicon eutectic
cast iron. See Cast iron: solidification of eutectic
alloys
Eutectic solidification—an introduction
binary eutectic phase diagram, 307
eutectic structures
classification of, 307–310
halos, formation of, 310–311
overview, 307
overview, 307
Expendable mold processes with expendable
patterns: introduction, 637–639
Expendable mold processes with permanent
patterns: introduction, 525–527
Expendable molds, aggregates and binders for
ceramic shell molds
binder materials, other, 547
colloidal silica bonds, 547
ethyl silicate, 547
hybrid binders, 547
liquid sodium silicate, 547
overview, 547
foundry sands, 529, 532
green sand molding, clays for
bentonites, 536–537
clay properties, controlling, 537–538
clay-water bonds, 537
fireclay, 537
overview, 535–536
hot box processes, 543
inorganic binders
aluminate (cement)-bonded sand molds, 539
overview, 538
phosphate-bonded-sand molds, 539
sodium-silicate-bonded sand molds, 538–539
mold media, 528–529, 531
organic binders
ester-cured alkaline phenolic no-bake, 541
furan acid-catalyzed no-bake, 541
no-bake processes, 540–541
oil urethane no-bake resins, 542
overview, 539–540
phenolic acid-catalyzed no-bake, 541
phenolic urethane no-bake (PUN), 542
polyol-isocyanate system, 542–543
resin types, 540
silicate/ester-catalyzed no-bake, 541
oven-bake processes/core-oil binders
additives, 544
cold box processes, 544
core-oil, types of, 544
free radical cure (FRC) process, 545
operational considerations, 544
overview, 544
phenolic ester cold box (PECB) process, 546
phenolic urethane cold box (PUCB), 544–545
SO2 gas, disposal of, 545–546
SO2 process (furan/SO2), 545
overview, 528, 529, 530
rammed graphite molds, 546–547
sands, types of
additives, 532–533
aluminum silicates, 530, 532, 534
chromite, 530
grain shape, 534–535
mold porosity and permeability, 535
mullite, manufactured from aluminum silicates,
532, 534
olivine, 532, 533
overview, 529
sand fineness, 534
sand properties, 533–534
sand quality control, 535

silica, 529–530, 532, 533, 534
zircon, 532
shell process (Croning process)
cores and molds, producing, 543
novolac shell-molding system, 543
overview, 543
warm box binders, 543
warm box catalysts, 543–544

F
Feeding system concepts. See Filling and feeding
system concepts
Ferrous alloys, inclusions in
steels
complex inclusions, 79–80
exogenous inclusions, 80
nitrides, 80
oxides, 77–78
sulfides, 78–79
Filling and feeding system concepts
alternative filling systems, performance of,
511–512
entrainment defects in gravity-poured castings, 506
filters, 511
foundry practice, recommended, 512
naturally pressurized filling system
feeding, 510–511
gates, 510
offset pouring basin, 508
overview, 508
runner, 509–510
sprue, 509
sprue/runner junction, 509
overview, 506
prepriming techniques, 507–508
traditional filling designs, 506–507
Fluidity
factors influencing, 375–376
fluidity measurements, 376
modeling of, 376
overview, 375
Fluxes
calcium carbide (CaC2), 105–106
cleaning, 234–235
cover, 234
Cupola furnaces, 105–106
drossing, 234, 235
fluorspar (CaF2), 105
furnace wall-cleaning, 235
limestone, 105
overview, 233–234
soda ash (Na2CO3), 105
Fluxing applications
crucible furnaces, 237
holding/ casting furnaces, 238
other considerations, 238
reverberatory furnaces, 237–238
transfer ladles, 237–238
Fluxing practice. See Aluminum fluxes and
fluxing practice
Foundry practices. See Cast iron foundry practices

G
Gas porosity
formation
heterogeneous nucleation, 373
homogeneous nucleation, 373
formation, factors affecting
alloy composition, 374
cooling conditions, 374
dissolved gases in the melt, 373–374
external pressure, 374
gases in metal, 372
overcoming, 73
overview, 370, 372
solidification, gas evolution during, 372–373
Gases in metals
aluminum and its alloys, 67–70
cast iron, 64–67

copper and its alloys, 70–71
gas porosity, overcoming, 73
magnesium and its alloys, 71–73
overview, 64
Gibbs free energy
activity and condensed phase equilibrium, 32–33
activity coefficient data, tabulations of, 33
activity coefficients—departure form ideality, 33
conditions for free equilibrium, 31–32
equilibrium constant, 32
thermodynamic data, tabulation of, 32
Gircast process, 1054, 1055
Gray iron castings
alloying to modify as-cast properties, 851, 854
applications, 835
castability, 835–836
classes of, 835
dimensional stability, 849–850, 851
elevated-temperature properties, 849, 850
heat treatment
hardenability, 852
localized hardening, 853
mechanical properties, 852–853
overview, 851–852
impact resistance, 846
machinability
adhering sand, 846
annealing, 847–848
chill, 846
overview, 846
rating, 847, 848
shifted castings, 847
shrinks, 847
swells, 847
microstructure
flake graphite, 836
gray iron, solidification of, 836, 837
overview, 836
room temperature structure, 837
overview, 835
physical properties
coefficient of thermal expansion, 853
damping capacity, 854
density, 854
electrical properties, 854
overview, 853
thermal conductivity, 854
pressure tightness, 844–846
prevailing sections, 838–839
properties
compressive strength, 841–842, 843
elasticity and deformation, 842, 843, 844, 845
hardness, 842–843
modulus of elasticity, 842, 845, 846
tensile strength, 841–842
torsional shear strength, 843
reversed bending, fatigue limit in, 843–844, 847
section sensitivity, 837–838
shakeout practice, effect of, 850–851
specifications, 840–841
test bar properties, 839–840
wear, 848
wear, resistance to, 848–849
Green sand molding
clays for
bentonites, 536–537
clay properties, controlling, 537–538
clay-water bonds, 537
fireclay, 537
overview, 535–536
first-generation machines
jolt-squeeze molding machines, 555
jolt-type, 554–555
sand slinger molding machines, 555
green sand media preparation
batch-type muller, 558–559
continuous muller, 558
intensive mixer, 559
mixing variables, 559–560
overview, 558
mold finishing
core setting, 560–561
mold blowoff, 560
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mold, transportation of, 561
overview, 560
mold types, flask/flaskless, 554
molding equipment, influence of, 552–553
molding methods, other related
dry sand molding, 557–558
loam molding, 558
skin-dried molding, 557
molding problems
expansion defects, 560
overview, 560
parting sprays, 560
pattern heating, 560
springback, 560
overview, 549
sand/casting recovery
cooling devices, 562–563
high sand temperatures, 562–563
metal separation and screening, 564
overview, 562
sand molding
metal contraction, 549–550
metal variables, 550–551
mold influences, 550
overview, 549, 550
patterns, 551
sand reclamation
base sands, reclamation effects on, 565, 566
dry scrubbing/attrition, 564
multiple-hearth furnace/vertical shaft furnace, 565
overview, 564
thermal-calcining/thermal-dry scrubbing
combinations, 564–565
wet washing/scrubbing, 564
sand system quality, maintaining
overview, 553
sand system testing, 553–554
second-generation machines
cope and drag, 556
horizontal flaskless molding machines, 556–557
match plate pattern, 556
overview, 556
pressure wave method, 556
rap-jolt, 556
vertically parted molding machines, 557
shakeout
deck-type, 561
overview, 561
rotary plus cooling type, 561–562
rotary-type, 561
vibrating conveyors, 561
vibrating drum type shakeouts, 562
system control and formulation
additives, 552
clays, 552
overview, 551–552
sands, 552
water, 552

H
Halos, 310–311
Hazlett casting process, 1023–1024
Heat treatment
aging
artificial aging, 406
natural aging, 406
overview, 405–406
cast alloys, microstructural changes due to heat
treatment of
dissolution, 406–407
overview, 406
precipitation, 407
spheroidization, 407
designations of, 404
emerging heat treatment technologies, 406
overview, 404
quenching, 405
solution heat treatment, 404–405
High-alloy graphitic irons
austenitic nickel-alloyed gray and ductile irons
aluminum-alloyed irons, 906–907

applications, 906
austenitic ductile irons, 906–907
austenitic gray irons, 906
corrosion resistance, high-silicon irons for,
907–908
high-temperature service, high-silicon irons for
high-silicon ductile irons, 904–906
high-silicon gray irons, 904
overview, 904
overview, 904
High-alloy heat treatment
corrosion resistant applications
austenitic-ferritic grades, 972–973
austenitic grades, 972
duplex alloys, 973
ferritic grades, 972
martensitic grades, 972
precipitation-hardening alloys, 973
ferritic and austenitic alloys, 971
heat-resistant applications
iron-chromium alloys, 973
iron-chromium-nickel alloys, 973
iron-nickel-chromium alloys, 973
homogenization, 971
martensitic alloys, 971–972
overview, 971
precipitation-hardening alloys, 972
High-chromium white irons
applications, 903
classes of, 899
desired structures, selecting compositions
to obtain, 900
heat treatment
annealing, 902
austenitization, 902
overview, 901–902
quenching, 902
subcritical heat treatment, 902
tempering, 902
machining, 902–903
melting practice, 900–901
microstructures
as-cast austenite, 900
as-cast martensitic, 900
carbide, 899
heat treated martensitic, 900
molds, patterns, and casting design, 901
overview, 899
pouring practices, 901
shakeout practices, 901
special high-chromium iron alloys
corrosion resistance, irons for, 903
high-temperature service, irons for, 903
High-pressure die casting
advantages of, 716
alloys and processes
cold chamber, 715
high-integrity, 715–716
hot chamber, 715
overview, 715
disadvantages of, 717
metal injection, 717–718
overview, 715
process, product design for, 717
High-pressure die casting (HPDC),
automation in
automatic pouring
dosing feeding system, 748–749, 750
overview, 748
robotic ladling system, 748, 749
automatic spray
overview, 754–755
spray head design, 755
spray nozzle technologies development, 755
spray strategy, 755
casting extraction, 753
die casting cycle
high-pressure die casting automation, 748
overview, 747–748
die casting internal quality check automation
automatic defect recognition system, 757
in-line x-ray radiographic inspection, 757
overview, 757

radiography, automated loading and unloading
for, 757
finish automation
automatic finishing integrates with vison system,
756–757
automatic flash removal, 756
overview, 755–756
gripper design, 754
injection process
die casting shot process monitoring system,
749–750
in-line sorting and monitoring, 750
off-line automatic statistical process control
analysis and monitoring, 750–751
overview, 749
insert loading, 753–754
insert loading and extraction, combination, 754
overview, 745–746
solidification and heat removal
die internal heat-removal management, 751–752
overview, 751
temperature control zone, 753
Homogenization
characterization methods, 402–403
computational modeling, 403
homogenization treatment, benefits of, 402
inhomogeneity, sources of, 402
overview, 402
Horizontal centrifugal casting
applications
bimetallic tubes, 679
chromium-molybdenum alloy steel tubes, 679
duplex stainless steel tubes, 679
high-strength low-alloy steels, 678–679
overview, 678
casting process
babbitting, 676–678
casting temperatures, 675–676
mold temperature, 676
pouring, 675
rotation, speed of, 676
solidification, transport phenomena during,
676–677
equipment
double-face plate machines, 675
flanged shaft machine, 674–675
molds and cores, production of, 675
overview, 674
roller-type machines, 674–675
overview, 674
Hot chamber die casting
ejection and postprocessing
fluxing, 723
recycling, 722–723
robotics, 722
gate and runner design, 721
hot and cold chamber processes, distinctions
between, 720–721
injection components
casting machines, 720
injection cycle, 720
overview, 719–720
pressure differential (DP) and mold filling, 720
melting process, 719
overview, 719
temperature control, 721–722
Hot isostatic pressing (HIP)
as-HIPed properties, effect of inclusions on,
412–413
castings, effect of HIP on shape and structure of
microstructural/physical changes, other, 413–414
volumetric shrinkage and distortion, 413
economics of, 415
HIP system, overview of
conditions, selecting, 410, 411
HIP cycle, 409–410
introduction, 409, 410
pore closure, mechanisms of, 411
history of, 408–409
mechanical properties, effect on, 411–412, 413
overview, 408
problems encountered in
surface-connected porosity, 414, 415
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Hot isostatic pressing (HIP) (continued)
thermally induced porosity, 414–415
reasons for using, 408–409
Hot tearing
alloy dependence, 376–377
criteria, 377
modeling of, 377
overview, 376
tests, 377
Hypereutectic aluminum-silicon alloys, refinement
of the primary silicon phase in
overview, 263
primary silicon refinement, accomplishing
eutectic modification, compatibility issues, 265
loss of refinement over time, 265
overview, 263–264
phosphorus, sources of, 264
solidification rate, effect of, 264–265
primary silicon refinement, importance of, 263
refinement versus modification, 263

I
Inclusion-forming reactions
copper alloys, 82
exogenous inclusions, 74
ferrous alloys, inclusions in, 77–80
inclusions, control of
chemistry control, 76
gating methods, 76–77
inclusion shape control, 77, 78
mold/metal interface and refractory control, 76
separation techniques, 76
inclusions, defined, 74
indigenous inclusions, 74–75
magnesium alloys, 82
nonferrous alloys, 81–82
overview, 74
physical chemistry
kinetics, 75–76
phase equilibria, 75, 80–81
thermochemistry, 75
Induction furnaces
electromagnetic stirring, 109, 110
lining material
alumina, 111
crucible wall scrapers, 111–112
lining push-out device, 113
magnesia, 111
overview, 111, 112
ramming mixes, 112
melting operations
batch, 113
mechanical skimmers, 114, 115
overview, 113
tap-and-charge, 113
utilization, 113–115
overview, 108
power supplies
60Hz line frequency, 109–110
medium frequency, 110, 111
parallel inverters, 110
series inverters, 110
systems, packaging of, 110–111
types of
channel furnace, 108
coreless, 109
overview, 108, 109
water cooling systems, 111, 112
Investment casting
ceramic shell mold assembly. See Ceramic shell
mold assembly
cluster design, 650–651
overview, 646, 647
pattern assembly, 650
pattern materials
additives, 647
fillers, 647–648
other, 648
overview, 647
plastics, 648
wax selection, 648

waxes, 646–647
pattern tooling for
cast tooling, 650
machined tooling, 649–650
overview, 649
positive model, tooling made against, 650
patternmaking
overview, 648–649
patterns, machining of, 649
plastic patterns, injection of, 649
wax patterns, injection of, 649
Iron, arc melting of, 98
Iron-base alloys, thermodynamic properties of
ferrous metals, purification of
deoxidation, 43–45
desulfurization, requirements of, 41–43
overview, 41
ferrous systems, thermodynamics of
iron-carbon system, 45–46
iron-silicon system, 46
ternary Fe-C-X systems, 47–50
ternary iron-base alloys, 46–47
multicomponent iron-carbon systems
carbon solubility in, 50
saturation degree and carbon equivalent, 50–51
overview, 41
structural diagrams, 51–55

L
Ladle metallurgy
injection methods, 217–218
ladle degassing
overview, 219
recirculating degassing methods, 220
stream degassing methods, 219–220
vacuum ladle degassing processes, 220
ladle furnace and vacuum arc degassing
(LF/VD-VAD), 222
ladle furnace design, 223, 225, 226
overview, 222–223, 224
vacuum induction degassing (VID), 224,
228–229
metallurgical objectives
alloying, 214
argon stirring (argon rinsing), 216–217
CAB process, 217
CAS process, 217
decarburization, 215
degassing, 213–214
deoxidizing, 214
desulfurization, 214–215
overview, 213
phosphorus control, 216
sulfur control, 215–216
overview, 212–213, 215, 216
vacuum ladle degassing (VD), 220–222
overview, 224
stirring procedures, 221
vacuum oxygen decarburization (VODC),
221–222
vacuum treatments, 212
Launders, 174
Light alloy melts, dross, melt loss, and fluxing of
dross, economic implications of, 998
dross formation, 992–993
dross formation, ways to reduce, 1000
dross generation, influence of melter type on,
993–994
dross metallics, in-plant enhancement
or recovery of
Dross Boss (Q.C. Designs, Inc.), 999–1000
dross buggy, 999
dross coolers, 998
dross presses, 998–999
overview, 998
melt loss, influence of charge materials on, 994
melt loss, influence of operating practices on
furnace fluxing, 995–997
metal transfer, drosses generated in, 997–998
overview, 994–995
overview, 992

Lost foam casting
advantages of, 645
casting quality
dimensional tolerances, 645
folds, 645
overview, 640
process technique, 640–642
processing parameters
coating, application, 643–644
coating types, 643, 645
foam pattern, 642, 643
investing the foam pattern in sand, 644
pattern assembly, 642–643, 644
pattern molding, 642, 643
pouring, 644–645
sand system, 644
Low-pressure countergravity casting
mold filling
countergravity centrifugal casting (C3)
process, 711
countergravity low-pressure air (CLA)
process, 709–710
countergravity low-pressure inert atmosphere
(CLI) process, 710
countergravity low-pressure vacuum (CLV)
process, 711
countergravity pressure vacuum (CPV) process,
710, 711
loose sand vacuum (LSVAC) process, 710–711
supported shell (mold) process, 710, 711
overview, 709
Low-pressure metal casting
conventional low-pressure casting, 700–704
cores, 703–704
counterpressure casting
advantages of, 705–706
counterpressure casting cycle steps, 704–705
history of, 704
overview, 704
PCP operations, special considerations for, 706
pressure differential (DP) and mold filling, 704
low-pressure furnace, 702–703
low-pressure tooling, 703
overview, 700
vacuum riserless/pressure riserless casting, 706–707

M
Macrosegregation
flow of the liquid, induced by the
buoyancy-driven flow, 350, 351
channel segregation, 350–351, 352
inverse segregation, 349
nonuniform shrinkage flow, 349–350
overview, 348–349
movement of the solid, induced by, 351–352
overview, 348
Macrosegregation, continuum model of
continuity equation, 446
energy, conservation of, 447
example simulation of, 447, 448
momentum equation, 446
pressure, calculation of, 447
solute conservation equation, 446–447
Magnesium and its alloys, gases in
magnesium alloys, degassing, 72–73
overview, 71
porosity in, 72
solidification, hydrogen solubility and reactions
during, 71–72
Magnesium and magnesium alloys
die casting
casting defects, 1111–1112
casting finish, 1111
design parameters, 1111
die temperature, 1110
dies, 1110
fluxless melting parameters, 1111
lubrication, 1110
machines, 1110
melt composition, control of, 1110
overview, 1109–1110
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recycling, 1110–1111
tolerances, 1111
direct chill casting, 1112
general applications, 1102
high-temperature alloys, 1112
investment casting, 1109
magnesium alloys
die casting, 1101
overview, 1100, 1101
permanent mold casting, 1101
sand casting, 1100–1101
thixomolding, 1101–1102
melting furnaces and auxiliary pouring equipment,
1102–1103
melting procedures and process parameters
alloying, 1104–1105
flux process, 1103
fluxless process, 1103–1104
foundry control procedures, 1105
gas content and grain size, 1105
grain refinement, 1104
melt treatments, 1105
pouring, 1105
pouring methods, 1105
pressure sand casting, 1105–1106
sand casting, 1106
overview, 1100
permanent mold casting, 1109
sand casting
applications, current, 1109
chills, 1108
coremaking procedures, 1107–1108
gating practices, 1108
green sand molding, advantages/disadvantages
of, 1106–1107
molding sands, 1106
overview, 1106
risers, 1108
shakeout, 1108
shrinkage allowances, 1108
welding, 1112
Malleable iron castings
applications, 888, 889, 890
composition, 884
ferritic malleable iron, 889–890, 891, 892, 893
martensitic malleable iron, 890–892, 893,
894, 895
melting practices, 884–885
microstructure
annealing, control of, 886–887
nodule count, control of, 885–886
overview, 885
overview, 884
pearlitic malleable iron, 890–892, 893, 894, 895
production technologies, current
digital solidification analysis technology, 887
production costs, effect on, 888
simulation technologies, 887, 888
smart engineering, 888
Mechanical skimmers, 114, 115
MEPHISTO
advanced gradient heating facility (AGHF), 399
overview, 399
Metal casting
history of, 4–6
20th century, 6–8
overview, 3–4
methods, 8–9
trends
market, 14
production trends, 9–10
production trends (1995–2005), 10–14
Metal-matrix composites (MMCs)
nanocomposites, 395
overview, 389–390
particle-pushing phenomenon, modeling of
dendrite and particle interaction, 394
nanoparticles and solidification front
interactions, 394–395
overview, 394
reinforcement-metal wettability, 391
reinforcements, incorporation of, 391
solidification fundamentals

dendrite formation and microsegregation,
392–393, 394
nucleation and growth effects, 392
reinforcements, distribution of, 393–394, 395
solidification processing of
infiltration process, 392
stir mixing, 391–392
Metal quality, approaches to measurement of
metal cleanliness assessment techniques
chemical analysis, 1167–1168
closed-loop circulation, 1171, 1172
electric resistivity tests, 1170
pressure filter tests, 1168–1169, 1170
reduced-pressure test (RPT), 1171–1172
ultrasonic technique, 1173
overview, 1167
Metalcasting technology and purchasing process
contract fulfillment and continuous improvement,
22
contract terms, negotiate, 22, 23
define requirements, 17
metal castings, considerations in, 22, 24–28
additional operations, 26
cast surface finish, 25–26
dimensional allowances, 24–25
geometric complexity, 24
lead time and first article delivery, 26
metal type, 24
order quantity, 26
price quotations, types of, 26
production cost factors, 24
quality assurance and specifications, 26–27
quality-management systems, 28
specifications, types of, 27
standard specifications, 27
technical services, 26
tolerances, 25
overview, 16
purchasing plan, 17
deliverables expected, 19
purchasing objective, 17
purchasing strategy, 17, 19
purchasing tasks, responsibilities, and schedule,
20–21
selection criteria, 19–20
working relationships requirements, 19
purchasing process, 16
quotation, request, 16
requesting and evaluating quotations/bids
bid package, send out, 22
good relationships, maintaining, 21–22
grade and rank bids/quotations, 22
locate/identify suitable facilities, 21
quotations, review, 22
supplier, select, 22
terms and conditions for sale in metalcasting
industry, 22
Microgravity, solidification research in
key solidification experiments
MEPHISTO, 399
TEMPUS, 399–400
microgravity solidification, future of, 400
overview, 398
reduced gravity, availability of: past, present,
future, 398–399
solidification research, 399
Microsegregation
binary eutectic systems: hypoeutectic aluminumsilicon alloys, 344
binary isomorphous systems, k > 1: hypoeutectic
aluminum-copper alloys
as-cast microsegregation, measurement of, 342,
343
dendrite coarsening, 341
density and solidification shrinkage, influence of
microsegregation and partitioning on, 341
kinetic processes leading to microsegregation,
observation and measurement of, 342–343, 344
local cooling rate, influence of, 341
microsegregation and macrosegregation,
interaction of, 341–342
nonequilibrium solidification with back
diffusion—directional solidification, 340–341

overview, 340
solidification curve, 340
solute distribution curve, 340
thermal analysis, 344
binary isomorphous systems, k > 1: titaniummolybdenum, 339–340
binary peritectic systems: copper-zinc a-brass, 344
multicomponent, multiphase, eutectic systems:
hypoeutectic Al-Si-Cu-Mg alloys, 345
multicomponent, multiphase, nickel-base
superalloy, 345–346
multicomponent multiphase steel: Fe-C-Cr, 345
overview, 338
solidification models
equilibrium solidification, 338
nonequilibrium solidification, the GulliverScheil relation, 339
nonequilibrium solidification with back
diffusion, 339
overview, 338
partition ratio, 338
Microsegregation, modeling of
with diffusion in the solid
example simulation of, 445–446
overview, 445
microsegregation, 445
Modeling, stress, distortion, and hot tearing
example applications
continuous casting of steel slabs, 455, 456, 457
sand casting of braking disks, 454, 455
governing equations
compatibility, 449
equilibrium, 449
implementation issues, 450–451
liquid-state constitutive models, 449–450
mushy-state constitutive models, 450
overview, 449
solid-state constitutive equations, example of, 451
solid-state constitutive models, 450
hot tearing analysis
case study: billet casting of speed optimization,
457–458, 459
classical mechanics criteria, 457
mechanically based criteria, 457
overview, 456
thermal analysis criteria, 456–457
model validation, 453–454
numerical solution
boundary conditions: modeling of contact
conditions. multidomain approaches, 452–453
finite element formulation and numerical
implementation, 452
mushy and liquid regions: ALE modeling, 453
overview, 451–452
solidified regions: Lagrangian formulation, 453
thermomechanical coupling, 453
overview, 449
thermomechanical coupling
air gap formation: conductive-radiative
modeling, 451
effective contact: heat transfer as a function of
contact pressure, 451
overview, 451, 452
Molten-metal filtration
filter characteristics, 197–199
filtered metal quality, 204–205
filters, types of
bonded-particle, 199
cartridge, 199
ceramic foam, 199
fiberglass, 199
metal, 199
in-mold filtration
direct pouring, 200–201
examples, 201
mold casting, filter selection and application in,
200
overview, 199
sand gating, filter selection and application in,
199–200
inclusions, removal of
overview, 196
positive filtration, 196–197
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Molten-metal filtration (continued)
inclusions, sources of
aluminum inclusions, 194–195
magnesium alloys, inclusions in, 195–196
overview, 194
molten aluminum, in-furnace filtration of
filter life, determining factors, 203–204
in-furnace filter installation, 203
in-furnace filter types, 201–203
overview, 201
overview, 194
Molten metal, transfer and treatment of—an
introduction
dosing furnaces
dosing operation, controlling/monitoring,
183, 184
furnace recharging, 183–184
melt holding, 184
melt level, detection of, 183
overview, 182–183
electromagnetic pumps
for furnace circulation and scrap recycling
technology, 177
mold-filling, 177
overview, 177
types, 177–178
handling systems, 173
launders, 174
molten-metal pumps
mechanical, 175–177
overview, 175
molten-steel filters, 175
pouring, 178–179
pouring methods, 182
automatic, 180–181
pouring, controls of, 181–182
pouring ladles, 179–180
treatments, 173
tundishes, 174–175

N
Nickel and nickel alloy castings
applications, specific, 1126
compositions
cast nickel, 1119–1120
cast nickel-chromium-molybdenum alloys, 1120
cast nickel-copper alloys, 1120
cast nickel-molybdenum alloys, 1120
directionally solidified and single-crystal alloys,
1121
heat-resistant alloys, 1120–1121
nickel-base proprietary alloys, 1120
nickel-chromium-iron alloys, 1120
foundry practice, 1124
gating systems, 1124–1125
heat treatment, 1125–1126
melting practice and metal treatment
argon-oxygen decarburization (AOD), 1124
coreless induction furnaces, 1123–1124
ladle furnaces, 1124
vacuum melting, 1124
overview, 1119, 1120
pouring practice, 1124
risers, 1125
structure and property correlations
cast nickel, 1121
directional and single-crystal solidification,
alloys for, 1123
heat-resistant alloys, 1122–1123
nickel-chromium-iron alloys, 1121, 1122
nickel-chromium-molybdenum alloys, 1121,
1122
nickel-copper alloys, 1121, 1122
nickel-molybdenum alloys, 1121–1122
welding, 1125
Nickel-chromium white irons
applications, 899
composition control, 897–898
heat treatment, 898–899
machining, 899
melting practice, 897

molds, patterns, and casting design, 898
overview, 896
pouring practices, 898
shakeout practices, 898
No-bake sand molding
air-setting organic binders
alkyd oil, 574–575
furan nobake, 574
overview, 573–574
phenolic nobake, 574
phenolic urethanes, 575–576
air-setting sodium silicates
dicalcium silicates (slag/cement hardeners),
572–573
ferro-silicon (Nishiyama process), 573
overview, 572
silicate organic esters, 573
CO2-cured sodium silicate
applications, 569–570
overview, 569
procedures, 572
sand-silicate mixtures, 570–572
gas-cured organic binders
acrylic-epoxy-SO2 system, 577
overview, 576
phenolic urethane-amine system, 576–577
no-bake sand processing
mixers, 568
molds and cores, sand processing for, 568
no-bake sands, foundry control tests of, 568–569
refractory coatings for chemically bonded sands,
567–568
overview, 567
sand reclamation and reuse
dry reclamation systems, 578–579
overview, 577–578
thermal reclamation, 579–580
wet reclamation systems, 578
No-bond sand molding
magnetic molding, 628
overview, 628
vacuum (V-process) molding
advantages, 629–630
overview, 628–629
V-process description, 629–630, 631, 632, 633
Non-plane front solidification
cellular microstructures
high-velocity cells, 301
microsegregation, 301
overview, 300
scaling behavior of, 300
columnar and equiaxed microstructures, 299
columnar microstructures, 299
dendrite growth. See Dendrite growth
equiaxed microstructures, 299
microstructures, characteristic lengths of, 300
nonplanar eutectic growth, 304–305
overview, 299
processing conditions, microstructure and, 299–300
Nondestructive testing of components
automated defect recognition (ADR) program, 1174
eddy current inspection, 1175
electrical conductivity measurement, 1177
fluoroscopic inspection, 1174, 1175
leak test, 1177
liquid penetrant inspection, 1174
overview, 1174
process-controlled resonant testing (PRCT),
1175–1177
radiographic inspection, 1174
ultrasonic inspection, 1174–1175
Nonferrous alloys, inclusions in
aluminum alloys
other inclusion types, 82
oxides, 81
Nonferrous casting—an introduction
lead, 991
nickel alloys, 989
overview, 989
titanium alloys, 989–990
Nonplanar eutectic growth, 304–305
Nucleation kinetics and grain refinement
grain refinement models

carbide-boride model, 281–282
constitutional undercooling model, 283–284, 285
free-growth model, 282–283
overview, 281
peritectic reaction theory, 282
inoculation practice, 280–281
master alloy processing
overview, 285
thermal analysis techniques, 285–286
nucleation phenomena
heterogeneous nucleation, 279, 280
homogeneous nucleation, 278–279
overview, 278
rapid solidification, 279–280
overview, 276
solidification, thermodynamics of
macroscopic solids, 276–277
microscopic solids, 277–278

O
Ohno continuous casting process, 1024
Outokumpu upcasting method, 1022
Oxide film defect. See Bifilm, the

P
Patterns and patternmaking
core boxes, 489–490
design and manufacture, trends in
direct CNC manufacture, 495, 496
overview, 495
pattern and casting dimensions, verification of, 495
expendable patterns and dies, tooling for, 490
materials
machined plastic patterns, 493
metal pattern equipment, 492–493
overview, 492
pattern coatings, 493–494
pattern handling and storage, 494
pattern repair and rebuilding, 494
plastic pattern equipment, 493
solid replication plastic patterns, 493
wood, 492
overview, 488
pattern allowances
distortion allowances, 492
draft allowance, 491
machining allowance, 491–492
shrinking allowance, 491
pattern type, selection of
overview, 494, 495
tolerances, 494–495
patterns, additional features of
core prints, 491
gates and risers (rigging), 490–491
locating points, 491
parting line, 490
patterns, types
cope and drag, 489
core boxes, 489–490
loose, 488
of match plate, 488–489
overview, 488
special, 489
Patterns and tooling
alterations, 1214–1215
common failure mechanisms, 1213
maintenance interval, 1210–1214
maintenance of, 1213
maintenance records, 1214
maintenance responsibility, 1213
ownership, 1213
preventive maintenance program, 1214
repair, 1214
storage—physical protection, cataloging, and
tracking, 1215
Peritectic solidification
iron-carbon system, 333, 334, 335
multicomponent systems, peritectic transformation
in, 335–336
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overview, 330
peritectic cascades, 334, 335
peritectic reaction, 331–332
peritectic solidification, 330–331
peritectic transformation and direct precipitation,
332–333
phase diagrams, 330
primary metastable precipitation of beta, 334, 335
Permanent mold casting
advantages and disadvantages, 690–691
applications, 691
casting design, 691–692
dimensional accuracy, 698–699
gravity casting methods
automatic tilt pouring, 690, 691
semiautomatic devices, 690
mold coatings
application, 695
coating life, 696
families of, 695
release, 696–697
surface preparation, 695–696
surface quality, 696
mold design
mold wall thickness, 692
multiple-cavity molds, 692
overview, 692
venting, 692–693
mold life, 697
mold materials
casting ejection, 694
collapsible cores, 694
cored holes, 693–694
cores, 693
design tools, 694–695
directional solidification, 695
filters, 694, 695
gating and riser system, 694
overview, 693
sand or plaster cores, 693
mold temperature, 697–698
mold temperature, control of, 698
overview, 689
surface finish, 699
Phase diagrams and thermodynamics
overview, 269
phase diagrams
metastable phase diagrams, 271–272
overview, 271
phase diagrams and solidification, calculation of,
272–273
solidification, 272–273
thermodynamics, 269–271
Plane front solidification
morphological stability
constitutional undercooling, 295
perturbation analysis, 295–296
overview, 293
rapid solidification effects
absolute stability, 296
oscillatory instability, 297
solute trapping, 296–297
science, 293–294
solidification microstructure selection maps, 297,
298
technology, 293
transients and steady state
final transient, 294–295
initial transient, 294
overview, 294
steady state, 294
Planning tools and procedures
Advanced Quality Product Planning (APQP)
control planning, 1210
design failure mode and effects analysis
(DFMEA), 1208
failure mode and effects analysis (FMEA), 1208
lean tools, 1211
measurement system analysis (MSA),
1210–1211
overview, 1207, 1208
process failure mode and effects analysis
(PFMEA), 1208–1210

production viability, 1211
Six Sigma, 1211–1212
statistical process control (SPC), 1211
overview, 1207
Plasma heating. See Plasma melting and heating
Plasma melting and heating
atmosphere control, 151
furnace equipment, 151
melting processes
overview, 151, 152
plasma arc remelting, 152, 153
plasma cold crucible casting, 153–154
plasma cold hearth melting, 152–153, 154
plasma consolidation, 151, 152, 153
overview, 149
plasma torches
overview, 149
transferred arc plasma torches, 149–150, 151
Plasma torches, 149–150, 151
Primary silicon phase in hypereutectic
aluminum-silicon alloys, refinement of the
overview, 263
primary silicon refinement, accomplishing
eutectic modification, compatibility issues, 265
loss of refinement over time, 265
overview, 263–264
phosphorus, sources of, 264
solidification rate, effect of, 264–265
primary silicon refinement, importance of, 263
refinement versus modification, 263
Properzi wheel casting technology, 1024
Purchasing process (metalcasting technology).
See Metalcasting technology and
purchasing process

R
Rapid solidification
diffusional kinetics/microsegregation
cellular growth, 389
dendritic growth, 389
eutectic growth, 389
morphological stability, 388–389
heat flow
external heat sinks, 387
internal heat sinks, 387
overview, 386–387
microstructural modification
microsegregation, 386
new primary/secondary phase, 386
noncrystalline phases, formation of, 386
primary phase, change in, 386
overview, 386
thermodynamic constraints/liquid-solid interface
conditions
full diffusional (global) equilibrium, 387
interfacial nonequilibrium, 388
local interfacial equilibrium, 387
metastable local interfacial equilibrium, 387–388
overview, 387
Rautomead upwards vertical casting, 1022
Repair welding of castings
ferrous castings
cast stainless steels, 1203
cast steels, 1203
casting defects, removing, 1204
deposition rates, 1205
gray and ductile cast iron, 1203
heating/cooling rates, control of, 1204–1205
joint selection, 1204
postweld heat treatment (PWHT), 1205
surface preparation, 1204
weld metal properties, 1204
weld repair considerations and techniques,
1203–1204
weld repair processes, 1203
weld repair quality, verification of, 1205
welding processes, other, 1203
nonferrous castings, repair welding of
filler metal selection, 1205
overview, 1205
postweld heat treatment (PWHT), 1206

weld repair considerations, 1205–1206
weld repair process selection, 1205
weld repair quality, verification of, 1206
overview, 1203
Replicast molding. See Replicast process
Replicast process
overview, 662
process capabilities
dimensional accuracy, 663–664
overview, 663
process details
ceramic coating, 663
cleaning, 663
firing, 663
overview, 662, 663
pattern assembly, 663
pattern production, 662–663, 664
pouring, 663
Reverberatory and stack furnaces
furnace types
dry hearth reverberatory furnace, 161–162
overview, 161
stack melters, 162–163
wet bath reverberatory furnaces, 162
molten metal circulation
forced circulation, benefits of, 165–167
molten aluminum circulation methods, 167–168
overview, 165
overview, 160–161
reverberatory furnace practice
fixed-heat loses, reducing, 164
furnace efficiencies, improving and maintaining,
164–165
radiant heating factors, 163
recuperation, 163–164
regenerative burners, 164
Rheocasting
methods
continuous rheoconversion process (CRP), 774,
775, 776
new rheocasting (NRC) process, 773, 774
rheo-diecasting process, 773–774, 775
semisolid rheocasting (SSR), 773
slurry-on-demand process, 773–774, 775
subliquidus casting (SLC), 773, 774
swirled enthalpy equilibrium device (SEED),
773–774, 775
overview, 773
Rotary impeller degassing, 187–188

S
Semisolid casting—introduction and fundamentals
overview, 761, 762
SSM processing, advantages of, 762–763
SSM processing routes
rheocasting (slurry), 762–763
thixocasting (billet feedstock), 762
thixomolding (magnesium pellets), 763
Semisolid metal (SSM) processing, 762
flow behavior of
rheology of, 379–380
semisolid slurries, yield stress of, 380
viscosity evolution during continuous cooling, 379
overview, 379
semisolid microstructural formation
copious nucleation, globular structure via, 381
forced convection, under, 380–381
semisolid processes: thixocasting versus
rheocasting, 381
Shape casting of steel. See Steel, shape casting of
Shape casting processes—an introduction,
485–487
Shaw process
all-ceramic mold casting, 623, 624, 625
ceramic facing, preparing, 623
composite ceramic mold, 623–624
overview, 622
patterns, 622–623
Shell molding and shell coremaking
applicability, 599
casting process
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Shell molding and shell coremaking (continued)
metal-mold reactions, 610–611
overview, 610
shakeout, 611
vertical versus horizontal parting, 610
dimensional accuracy
chill, 614–615
hot tears, 614
inaccuracy and variation, causes of, 612
increasing, methods of, 612–613
net or near-net dimensional accuracy with shell
molding, examples of, 613–614
overview, 611–612
surface defects, 615
green sand molding, comparisons with
examples, 615, 616
pattern costs, 615–616
mold defects, causes and prevention of
low hot tensile strength, 609
mold backup, 610
mold cracking, 608–609
mold shift, 610
of peelback, 609–610
soft molds, 609
mold spread at parting line, methods to minimize
example: bolting of mold halves, 608, 609
example: use of flush-head ejection pins, 608
molds and cores, production of
cores, 607
curing, 606–607, 608
dump-box molding, 605, 606
gating, 607, 608
mold blowing, 605–606, 607
overview, 604
patterns, heating of, 604–605
shell thickness, 606, 607
overview, 598
patterns and core boxes
overview, 603–604
pattern construction, 604
split core boxes, 604
resin-sand mixtures, preparation of
coating and handling, equipment for, 602–603
cold coating, 601–602
hot coating, 602
overview, 601, 602
resin-sand properties, control testing of, 603–604
resins
additives, 601
alcohol content, 600
hexamethylenetetramine (hexa), 601
lubricants, 601
melting point, 600–601
overview, 600
phenol-formaldehyde resins, 600, 601
solids content, 600
viscosity, 600
water content, 600
sand reclamation, 603
shell sands, properties and selection of
breakage of molds, 600
grain size and shape, 599–600
moisture content, 600
overview, 599
Shellvest system, 658–660
Shrinkage porosity
feeding, 371–372
overview, 370
shrinkage, 370–371
Skull melting
furnaces, 139–140
induction skull melting, 140–141
overview, 139
vacuum arc skull melting, 139
Slurry molding
Antioch process, the, 620–621
foamed plaster molding process, 621–622
match plate pattern molding, 620
mold-drying equipment, 618
overview, 617
patterns and core boxes, 618
plaster mold casting, conventional, 619–620
plaster mold compositions

calcium sulfate, characteristics of, 617–618
overview, 617
plaster molding
advantages, 617
applications, 617
plaster mold casting, 617
plaster molds, metals cast in, 618–619
Solid fluxes
aluminum oxides, solvents of, 233
chlorides, 232
fluorides, 232
overview, 231–232
oxidizing compounds, 232
Solidification, transport phenomena during
balance equations
energy balance, 289
mass balance, 288
momentum balance, 288–289
overview, 288
solute balance, 289
fundamentals, 288
scaling, 289–290
transport and microstructure
homogenization, 292
microsegregation, 291–292
overview, 290
planar front growth, 290–291
Spray casting
atomization and the droplet spray, 383, 384
deposition and grain multiplication, 384–385
macrosegregation and coarsening, 385
microsegregation, 385
overview, 382
principles, 382–383
Squeeze casting
alloys, properties, and microstructures, commonly
used, 730–731
applications, 729–730
casting and tooling design for, 727, 728
squeeze-cast applications, 729
squeeze-cast products, factors affecting
casting (cavity) pressure, 728
gate position, area, and velocity, 728–729
heat treatment, 729
lubricant, type of, 728
metal cleanliness, 728
metal temperature, 728
porosity, 729
presolidified layer (cold flakes) from the shot
sleeve, 729
squeeze casting, 727
Stack furnaces. See Reverberatory and stack
furnaces
Steel casting properties
carbon and low-alloy heat treatment
annealing, 970
hydrogen removal, 971
normalizing, 970–971
overview, 970
quenching, 970–971
stress relief, 971
tempering, 971
carbon and low-alloy mechanical properties
corrosion-resisting steels, mechanical properties
of, 961, 965–966, 967
discontinuity effects, 959
elevated-temperature applications, 959, 960
hardenability, 953–954, 956
overview, 953, 956
section size and mass effects, 959, 961,
962–963
strength and ductility, 954, 956, 957
strength and fatigue, 956–959, 960, 961
strength and hardness, 954, 956
strength and toughness, 954–956
wear-resisting steels, mechanical properties of,
960–961
carbon steels, 949–950
common alloys, 953, 954, 955
corrosion-resistant steels, 951–952
ferrite in cast stainless steels
ferrite control, 969, 970
ferrite control, limits of, 969–970

overview, 968
significance of, 968–969
heat-resistant steels, 952–953
heat resisting steels, mechanical properties of
creep and stress-rupture properties, 966–968
elevated-temperature tensile properties, 966,
967, 968
hot gas corrosion, resistance to, 968, 969
thermal fatigue resistance, 968
thermal shock resistance, 968
low-alloy steels, 950
overview, 949
wear-resistant steels, 950–951
Steel castings, selection and evaluation of
design
alloy designation, 980
alloy selection, 977–980
considerations, 976–977, 978
design impact, 975
design rules, general, 975–976
drawing notes, 980
material effects, 976
overview, 975
manufacturing
directional solidification, 981
draft, 980
heat treatment, 981
inclusion shape control, 980–981
minimum section thickness, 980
postprocessing, 982
pouring, 980–981
steel casting process, 981
weldability, 981–982
nondestructive examination (NDE)
general rules, 985
hardness testing, 984
leak testing, 984
magnetic particle inspection, 983
overview, 982
quality, 982
radiographic inspection, 983–984
testing, 982–983
tests and castings, 984–985
ultrasonic inspection, 984
visual inspection, 983
overview, 975
purchasing, 986
research and development, 986
Steel continuous casting
advantages of, 918
future developments, 924–925
historical aspects of, 918
horizontal continuous casting, 924, 925
molds for, 922–923
near-net shape casting, 919, 920, 921
plant layout, 919
pouring stream protection, 921–922
process, general description of, 918–919, 920
productivity improvements, 923–924
quality improvements, 924
tundish metallurgy, 920–921
Steel ESR
overview, 130
oxygen, behavior of, 130
sulfur, behavior of, 130
Steel ingot casting
hot tops, 913
ingot design, 912–913
ingot molds and stools, 913–914
ingot solidification, 914–917
overview, 911
pouring method, 911–912
Steel melt processing
converter metallurgy
argon oxygen decarburization, 208–212
overview, 208
vacuum oxygen decarburization (VODC), 212,
213, 214
coreless induction furnaces, 208
direct arc melting, 207
induction arc melting, 207–208
ladle metallurgy. See Ladle metallurgy
overview, 206
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refractories, 206–207
vacuum induction melting VIM, 208
Steel, shape casting of
castability of
fluidity, 926–927
freezing range, 929
overview, 926
shrinkage, 927–928, 929
cores, size of, 947–948
design factors
machining allowances, 938
minimum thickness as a function of dimensions,
938
shape, considerations of, 936
thickness, of walls, webs, and ribs, 937–938
wall thickness, selection of, 936–937
foundry factors in design
gating design, 934–935
massive parts, positioning, 935
molding direction, choice of, 936
pouring direction, 935
pouring direction, choice of, 936
riser design, 934–935
surfaces to be machines, 935–936
graphite molds, casting in, 948
hot spots, avoidance of
closed sections, 942
dimensions, accuracy of, 942–943
holes, dimensioning of, 942
junction of five or more walls, 941
junction of four walls, 940–941
junction of three walls (T-piece), 940
junction of two walls (right-angle intersection),
940
machining operations, continuity of, 943, 944
machining, setting up for, 943
overview, 938–940
ribs and recessing, strengthening, 941
sand, hot spots in, 941–942
tool clearances, 943
melting furnaces
direct arc melting, 928–929
induction melting, 929–930
overview, 928
melting practice
argon-oxygen decarburization (AD), 933
boiling, 930, 931
deoxidation practice, 932–933
elements from slag, recovery, 931–932, 933
metallic charge material, selection of, 930
overview, 930
phosphorus, removal of, 930, 931
plasma refining, 933
powder injection/wire injection, 933
refining reactions, 930
sulfur, removal of, 930, 932
temperature control, 932
overview, 926
pouring practice
ladles, 934
overview, 933–934
thin-wall steel castings
alloy selection, 944, 945
distortion, 946
friction, 944
good design, examples of, 946, 947
mold filling, 944, 945
mold-filling problems, 945–946
mold gases, 944
overview, 943–944
soundness, 946
tool clearances, 944
tolerances
investment mold casting process, 946–947, 948
shell mold casting, 946
Steelmaking, basic
the charge, 95
oxidizing period, 95–96
reducing/refining the heat, 96–97
Structure formation, direct modeling of
cellular automaton method, direct grain structure
simulation using
growth, 440–441

indices, 439
nucleation, 439–440
overview, 398–439, 440
direct structure simulation at macroscopic scale,
coupling of, 441–443
introduction, 435–436
phase field method, direct microstructure
simulation using
hypereutectic AlCuSiMg alloy, equiaxed
solidification of, 437–438
multicomponent alloy thermodynamics, 437
nucleation, 437
overview, 436–437
steel, microsegregation in, 438, 439

T
TEMPUS
advanced gradient heating facility (AGHF), 400
isothermal dendritic growth experiment (IDGE),
400
overview, 399
particle engulfment and pushing by solidifying
interfaces, 399–400
solid-liquid mixtures, coarsening in, 400
solidification and pore formation, 400
Ternary Fe-C-X systems
carbon solubility in, influence of a third element
on, 50
equilibrium temperatures, influence of third
element on, 48–49
Fe-C-Mn system, 47–48
Fe-C-P system, 47
Fe-C-Si system, 47
overview, 47
third element phases in, partition of, 49–50
Thermal analysis
differential
differential thermal analysis, 355
simplified thermal analysis, 354–355
equilibrium, deviation from, 354
liquidus and solidus temperature, determining,
355–356
overview, 353
quantitative, 353–354
Thermodynamics
chemical thermodynamics, 31
enthalpy and heat capacity, 31
Gibbs free energy, 31–34
overview, 31
phase diagrams, 33–34
Thermodynamics and phase diagrams
overview, 269
phase diagrams
metastable phase diagrams, 271–272
overview, 271
phase diagrams and solidification, calculation of,
272–273
solidification, 272–273
thermodynamics, 269–271
Thermophysical properties
cast alloys, thermophysical property ranges of,
477, 478, 479
density, 471, 473
electrical and thermal conductivity, 474, 476–477
emissivity, 477
melting, solidus, and liquidus temperatures,
enthalpy of, 470–471, 477
methods to determine, 468–469
overview, 468, 469
reliable data, sources and availability of, 468
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