Index

a

ab-initio quantum mechanical studies 4

abnormal grain growth (AGG) 310

absolute grain boundary mobility,
measurements 239-243

absorption contrast tomography 371

activation energy 81

activity coefficients 271, 273

advanced photon source (APS) 370

age-hardenable alloy ZM61 95

ALAMEL model 31-38

Allen—Cahn kinetic formulation 276

Al-Li alloy 390

alloy systems, types 289

aluminum alloys 9, 397

aluminum bicrystals 242

aluminum polycrystals 437

aluminum processing, main texture
components 389

aluminum wire 391

anisotropy 91, 162, 400

— affected by aging treatments 96

—energy 162, 163

— inclination-based 174

— mesoscopic simulation approaches 164-179

— mobility 163, 164, 166-170, 179

— plastic anisotropy 19, 27, 33, 49, 98, 447

- reduced 97, 103

— slip-induced 100

— stress and strain 92-103

annealing 8, 10, 91, 166, 192, 238, 247,
249, 250, 255, 259, 285, 310, 368, 388, 399,
420, 422, 426, 478

— annihilation length 73

— fcc metals and alloys 432

— grain growth during 258

- induced boundaries 368

— magnetic 252

— polycrystal by means of magnetic 249

— recrystallization during magnetic 261
— texture dominated by the cube
component 166
— tilt grain boundary during 242
— time most appropriate revealed by 250, 378
— undergone spheroidization 285
APT. See atom probe tomography (APT)
arc zone melting technique 414
Arrhenius equation 79
as-quenched sample 292
asymmetrical grain boundaries
— coupled motion of 216-221
atomic bonds decohesion 269
atomic force micrograph, of surface of AZ31
tensile specimen 99
atomic-scale chemical analysis 292
atom probe tomography (APT) 280-282
— disadvantage of preparing 281
Auger spectra 474
— Si concentration, quantitative
analysis 474
austenitic stainless steel
— Wilkinson (small strain) method 355
austenitic stainless steel (SUS304L) 424
axisymmetric tension 448, 459

b

basal slip 111

base-centered cubic (bcc) metals 452

BaTiO; polycrystals 314, 315

bicrystals, magnetically driven grain
boundary motion 237-246

— absolute grain boundary mobility,
measurements 239-243

— magnetically induced motion 237-239

— misorientation dependence of 243-245

— temperature dependence 243, 246

— tilt boundary mobility, boundary plane
inclination effect 245, 246

Microstructural Design of Advanced Engineering Materials, First Edition. Edited by Dmitri A. Molodov.
© 2013 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2013 by Wiley-VCH Verlag GmbH & Co. KGaA.

495



496

Index

bismuth bicrystals 240

— geometry of 238

Boltzmann factor 165

Boolean’ model 131

boundary conditions 25, 26, 42

boundary energy 172

boundary migration process 374

boundary velocity 313

box-counting method 440

Bragg’s law simulations 345

brittle—ductile fracture transition 441

brittle-to-ductile transition temperature
(BDTT) 450, 468, 475, 476, 489

Brownian regime 214

bulk diffusion 303

Burgers vector 209

c

CA codes 8

Cahn-Hilliard formulation 174

Cahn-Hoffman formalism 301

Cahn’s expression 144

capillarity-mediated branching 329-333

— capillary-mediated energy 331-333

— Gibbs-Thomson-Herring interface
potential 329, 330

— local equilibrium 329

— tangential gradients and fluxes 330, 331

capillarity vector 163

capillary driving force 307

capillary energy density 332

capillary energy fields 324-328

— capillarity on melting, influence 327, 328

— melting experiments 325

— self-similar melting 326, 327

capillary length 324

capillary-mediated fluxes 331, 333

capillary-mediated interface energy fields

— branching 333, 334

— capillarity-mediated branching 329-333

— capillary energy fields 324-328

— dynamic solver results 334-336

— zeros of surface Laplacian 333, 334

capillary-mediated interface rotation 335

capillary potential 330

capillary vector 301

carbon atoms 281, 284, 286, 288, 293

—map 284, 287

carbon concentration gradient 283

carbon-enriched austenite layer 293

carbon-enriched ferrite

— dislocation substructure 285

carbon steels

— austenite reversion in 278

— modeling grain boundary segregation 278

Cartesian coordinates 329

casting process 489

causal cone notion 124-126

— geometric interpretation 125

CCD chip 347

cellular automata (CA) 3,9, 169

— modeling of recrystallization 8

Chalmers’ technique 414

charge coupled device (CCD)
detectors 369

chemically decorated grain boundaries

— phase transformation, and nucleation
on 288-294

—— at grain boundaries 288-290

—— in martensitic Fe-C steels 290-294

chemical potential 271-273

— gradient 313

classic nucleation model 379

cobalt alloys 480

Co-base superalloys 467

coincidence axial direction (CAD) 428

coincidence boundaries 432

— frequency 431, 432, 436

coincident site lattice (CSL) 204

— boundaries 433

— condition 428

— role of 162

cold-rolled titanium 249, 258

cold-rolled Zr sheet, orientation density 259

columnar polycrystal aggregate 44

commercial purity (CP) 73

compression test 59, 93, 97, 98

— uniaxial 450

computational model 327

computer-assisted SEM-EBSD/OIM
technique 411, 419, 427, 434

continuum simulations 42

convergent beam electron diffraction
(CBED) 362

coppet, grain boundary motion 194

Co—Re-based alloys 482, 483, 489

— creep strength 488

Co-17Re-23Cr alloy

— fracture surface 485

— microstructure 484, 486, 487

Co-Re-Cr alloy system 480-489

— creep resistance 486-489

— oxidation 480483

— strength and ductility at ambient
temperatures 483-486

correlated electron microscopy 280-282

CPFE methods, success of 45

CPFE simulations 42



critical resolved shear stress (CRSS) 21,
104-106, 109, 449, 450
critical shear stress for prismatic slip 99
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— discrete 205
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finite element method (FEM) 3, 42, 54, 58

floating zone technique 414



flow stress 94

focused ion-beam (FIB) tomography 368, 471

Fokker—Planck equation 83
fourfold anisotropy 329
four-point bending tests 437
fractal analysis 439
fractal-based relationship 440
fracture processes 413, 419
fracture stress 408
Frank-Bilby equation 209
free energy density 275
friction 25, 92, 212, 395, 396
front-tracking algorithms 9
Fuchizaki’s model 176

g
GBE. See grain boundary engineering (GBE)

GB microstructure-dependent fracture
processes 438

GB phenomena, characteristic features 410

GBs. See grain boundaries (GBs)

generalized Schmid law 22, 23, 25, 26

geometrically necessary dislocations
(GNDs) 354

Ge single crystal 345

GIA model 393

Gibbs adsorption isotherm 270-272, 288

Gibbs-Duhem equation 271

Gibbs formulation 288

Gibbs free energy 272, 273, 303
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Mo-Si-B alloy 468-480, 469, 470, 475, 476,
479, 483

— creep resistance 478-480

— cross-section 476

— isothermal section 469

— manufacturing and microstructure 468-471

— multiphase Mo-Si-B alloys 475, 476

— outer fiber tensile strain vs. temperature 475



— oxidation resistance 476—478

— single-phase Mo solid solutions 471-475

— strength and ductility at ambient
temperatures 471-476

— TGA results 477

Mo-Si-B phase diagram 471

Mo-9Si-8B-1Zr 478

multiphase field approach 275

multiscale modeling 5

multislip situation in polycrystal 43

n

nanocrystalline material 408

nanoscale impurity-containing intergranular
films 279

nanostructured metallic alloys 283

Neyman-Scott processes 130

NGG. See normal grain growth (NGG)

NiAl compound

— anisotropy 447

— compression 452
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— textures 397, 398, 399

—— components 398

— of warm rolled aluminum 1050 166

regions of interest (ROI) 342

ReNuc, nucleation model 8

residual shifts 348

resolved shear stress 20, 21

ribbon-like lamellar structure 285

Rietveld refinement analysis 471

rigid body rotation 352

Robo-Met.3D technique 380

rolled/annealed FCC sheet

— orientations in 392

rotated reference technique (RRT) 349, 361

rotation angle, function 348



rotation matrix 280
round-edged polyhedral 307
r-values 98, 99, 107, 108, 111, 112

s

scale factor 329, 344

Schmid factors 93, 98, 108

Schmid’s law 103

Schmid tensors 24

Schmidt factors 211

screw dislocation-assisted mechanism 305

secondary ions mass spectrometry (SIMS) 280

segregation coefficient 274

segregation-induced embrittlement 427

selected area channeling pattern (SACP)
technique 423

selectively grown grains, relative
frequency 247

SEM-EBSD/OIM technique 422, 423

severe plastic deformation (SPD) 69, 70

— numerical simulations of SPD
processes 82-86

— one-internal variable models 70-77

— three-internal variable models 81, 82

— two-internal variable models 77-81

SFE stainless steel crystal 363

shadow casting technique 351

shear modulus 488

shear strain 25, 30, 73, 80, 208, 352, 353

— components 353

— through an expression of the Voce type 103

shear stress 27, 78, 79, 91, 98, 103

shear zone 396

shift error distributions 349

shift errors 349

SiGe-Si sample

— HR-EBSD analysis 354

silver alloys

— vapor-deposited samples 421

simple beam theory 352

simulation approaches 161, 162, 164

— cellular automata 169, 170

— cusps in grain boundary energy 174

— level set 174, 175

- moving finite element 176-179

— particle pinning of boundaries 179

— phase field 170-174

— Potts model 164-169

— vertex 175, 176

single crystal approach 408

site-saturation 121

site-specific joint scanning transmission
electron microscopy (STEM)-APT
analysis 281

Index

skew-symmetrical velocity gradient tensor 26

slip direction 20

— families 21

slip domination, factors 91

slip plane families 21

slip planes 20, 27

slip rates 23, 25, 26

slip systems 20, 21, 25, 395, 449, 454

— geometry 389

smart cellular automata code CORe 8

Smith—Zener equation 179

smooth particle hydrodynamics (SPH) code 87

softening phenomena 7

solidification 169, 323

solidification process 325, 389

solid-liquid interface 304, 330

solid-liquid two-phase systems 299

— diffusion-controlled crystal growth 302, 303

— grain growth 302-312

—— behavior 307-312

— interface reaction-controlled crystal
growth 303-306

— mixed controlled growth of faceted
crystal 306, 307

— nonstationary grain growth, in systems with
faceted grains 309-312

— single crystal in liquid, growth mechanisms
and kinetics 302-307

— stationary grain growth in systems with
spherical grains 308, 309

solid oxide fuel cell (SOFC) 353

solid-state single-phase systems

— grain boundary, migration mechanisms and
kinetics 312-315

— grain growth 312-317

—— behavior 315-317

solid—vapor system 305

solid volume fraction 309

S-orientation 168

SPD. See severe plastic deformation (SPD)

spherical system 308

spheroidization 286

spiral growth mechanism 304

stable cyclic deformation. 73

stable hysteresis loop 74

stacking fault energy (SFE) 359, 393

— evaluation 396

stagnant grain growth (SGG) 310

standard electron backscatter diffraction
(EBSD) 341

standard optimization techniques 343, 375

static recrystallization 451

Stefan balance 336

strain 26
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Index

— components 342

— deformation 453

—errors 348

— free cells 378

— measurement errors 347, 350

— rate tensor 21, 23

—ratio 108

stress-dependent energy 75

stress—strain behavior

— in pure magnesium and a magnesium-—
gadolinium alloy 101

stress—strain curves 356, 359, 437, 450,
459, 473

—for AZ31 110

— for bars of magnesium alloy WE54 in tension
and compression along 102

stress—true strain, behavior evaluation 107

stress vs. strain 110

structure-dependent fracture processes 417

structure-dependent grain boundary
properties 415, 416

subpixel registration techniques 345

superposition principle 140

surface nucleation 136, 138

surface tension 165

t
tangential divergence operator 332
tangential gradient operator 331
Taylor energy 450, 460
Taylor theory 7, 23, 26, 27, 73, 461
Taylor-type condition 78
Taylor-type models, applied to
magnesium 103, 392
temperature
— and degrees of GBS 99
— fluctuations 14
— influencing plastic anisotropy of magnesium
alloys 99
— influencing r-values for AZ31 sheets 100
tensile creep testing 478
tensile strength 96, 283
tensile stress—strain curves, for AZ31 alloy 95
tensile test 94, 98, 107
tension tests 94
tension twinning 91
texture development 9
texture/grain structure development
— grain growth, texture evolution 248-253
— growth kinetics 253-258
— microstructure evolution 253-258
texture index (TT) 37
texture ODF intensity 397
thermal stability 416

thermogravimetric analysis (TGA) 476
thermomechanical processing 422, 424, 429,
430, 435, 447
— experimental 447-450
— mechanical anisotropy 459-462
— microstructure and texture
development 450-457
— NiAl microstructure and texture design
447-463
— texture simulations 457-459
three-dimensional (3D) Hough
transformation 342
three-dimensional X-ray diffraction
(3DXRD) 368
through-process modeling 10-14
— aluminum sheet fabrication 11
through-process modeling (TPM) 4
Ti-containing alloy 479
TiC-WC-Co system 312
tilt boundary mobility, boundary plane
inclination effect 245-246
tilt grain boundaries
— in bismuth 246
— bismuth bicrystal, during annealing 240
— images 239
— migration activation 244
— migration of 240
— orientation/inclination 246
time integration 26
torque force 301
total deformation tensor 349
total dislocation density 80, 81
total free energy 171
transformation-induced plasticity (TRIP) 269
transformations 119, 150, 151
— application to recrystallization of IF
steel 153-157
— kinetics, cluster radius on 133
— mean volume density transformed as a
function of 134
— objectives 150
- sequential transformations 152
— simultaneous transformations 151, 152
transformations, nucleated on random planes
— analytical expressions for 141
—— behavior at origin as model for behavior in
“unbounded” specimen 142
—— computer simulation results 145
—— nucleation on random parallel planes
143, 144
—— results for nucleation on random
planes 141, 142
transition probability 165
triple junction line tension



— AFM topography measurement 191

— crystalline nanoparticles agglomerate
196-198

— on Gibbs-Thompson relation, effect of
195, 196

— Zener force, effect of 193-195

triple line energy 190

— AFM topography measurement 191

— schematic three-dimensional (3D) view 190

triple line tension

— on thermodynamics, and kinetics 192

true stress 108

true stress—true plastic strain compression
curves 460

turbine engines

— temperature capability 467

twinning 93

— reduced in RE-alloys 102

twinning fraction 112

twinning-induced plasticity (TWIP) 269

two-dimensional atomic nucleation (2DN) 299

two-dimensional nucleation and growth
(2DNG) 309, 310

two-dimensional nucleus 303

two-phase systems 315

u
uniaxial deformation 390

v

vapor-deposition methods 420

vector function 301

velocity gradient 24

— tensor 21, 26

visco-plastic methods 25

viscoplastic self-consistent (VPSC) 103, 106

— calculations 110

— effect of strengthening by grain refinement
on r-value 112

— fraction of strain accommodated by 111

Voce-type expressions 106

Index

volume fractions 123, 124

— of major texture components 12
von Mises criterion 462

von Mises equivalent strain rate 27
von Mises yield condition 102

w

WC grains 312

WE54 alloy, tension and compression
curves 101

weighted essentially nonoscillatory (WENO)
approach 172

work hardening model 13

wrought magnesium alloys

— mechanical properties 91

Wulff construction 300

wurzite—zincblende phase boundary 314

X

X-ray diffraction 291, 388, 427, 470
X-ray line broadening experiments 377
X-ray texture data 387

X-ray tomography 370

X-ray tomography techniques 368

Y
yield stress 448

Young’s modulus 107, 197, 448, 462
yttrium alloy 103

z

Zener force 193

zinc bicrystals

— magnetic driving force 241, 243

— specimens

—— geometry of 238

zinc single crystal 246

— under magnetic driving force
246-248

zirconium 249

— annealing, in magnetic field 258
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