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(ASAXS) 249fF

antenna yielding 97

antiphase boundaries 6
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— conical slit 181

— Laue diffraction 358

— small-angle scattering 229 ff
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Apoferritin solution 232

applications

— angle-dispersive X-ray diffraction
148 ff

— automotive industry 413

— diffraction enhanced imaging 329

— energy-dispersive neutron diffraction
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— industrial 387-420

— materials science 287-308
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— synchrotron tomography 310

— X-ray diffraction microscope 340f
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argon partial pressure 47

artifacts  312fF

atomic arrangement 3 ff

atomic scattering factor 251

atomic-scale interactions 353
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— B3 imaging 257ff, 269

— contrast projections 287 ff

— radiation-based imaging 290
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Au-200 diffraction line 201
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— crankshaft stresses 417
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172
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— X-ray diffraction microscope 340
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average grain characteristics
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Avrami-type models 340
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azimuth

— diffraction methods 119

— internal stresses 24

— white high energy X-rays 197

— X-ray diffraction microscope 336

335, 339
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B3 imaging 257-286

background

— angle-dispersive X-ray diffraction 145

— combined diffraction — tomography
380

backprojection 343

bainite 31, 43, 173

beam tubes, radiation sources 93

beamline optics 300

bee diffraction image 330

Beer's law 125, 199
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— decomposition kinetics 250

— Laue diffraction 359

— monochromatic high-energy X-rays 179
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beryllium moderator 92

Bessel functions 107

betatron oscillations 100

biaxial inplane residual stress state 203

biosurfactants 246

blowing agents 315
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bonding types 3ff

boron silicate glass 226
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— energy-dispersive neutron diffraction
155 fF

— grain mapping 349

— Laue diffraction 354 ff

— monochromatic high-energy X-rays 177

— photon/neutron properties 87

— textures 63

— X-ray diffraction microscope 336

Bragg edges 171ff

Bragg equation

— angle-dispersive X-ray diffraction 139

— diffraction methods 116 ff, 128

— white high energy X-rays 196
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— B3 imaging 270

- tomography 282
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192
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carbon steel 340
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fp-carotene 284
Cartesian systems
case hardening 33
casting 4, 29, 329
catalysts systems 255
cathodes 311
cavity formation 69
cementite (Fe;C) phase 170
ceramics 3 ff
channeling 46
characterization techniques
chemical properties 3-20
chemical vapor deposition (CVD) 47
chip forming processes 39
clamping arrangement 214
classification techniques 224
clean environment 104
climb processes 12

22,119

14 ff

clusters
— diffraction imaging 224
- IN718 392

CO; emission 389

coarse grain effects 10

— diffraction imaging 223

— diffraction methods 124

— monochromatic high-energy X-rays 189
— polycrystals 337

— residual stresses 44

coatings 46 ff

CoFe single layer 47

coherent background 137

coherent scattering 230

coincident site lattice (CSL) theory 363
CoK, radiation 117
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cold neutrons 96

cold reactor spectrum 258

cold working 4, 13
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— angle-dispersive X-ray diffraction 139

— B3 imaging 261

— diffraction enhanced imaging 325

- diffraction imaging 221ff

— energy-dispersive neutron diffraction
159, 164

— monochromatic high-energy X-rays 179

— radiation sources 99

— small-angle scattering 229ff, 239

— synchrotron radiation sources 103

— synchrotron tomography 309

— X-ray diffraction microscope 335

color infrared (CIR) image 224

combined diffraction-tomography 379-386

combs 149

complex conjugate 86

compliance tensor 23

composite materials 329

compressive stresses 119, 152

computerized neutron tomography (NCT)
287-306

concentrations 6

conical slits  181f, 192

conjugated complex 324

contrast

— B3 imaging 268

— diffraction enhanced imaging 325

— radiation-based imaging 287 ff

- small-angle scattering 230, 241

— X-ray absorption tomography 371

cooling

— angle-dispersive X-ray diffraction 150

— crankshaft stresses 417
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— residual stresses 29

— synchrotron tomography 314

— X-ray diffraction microscope 340

coordinate measuring machine (CMM) 167

copper

— angle-dispersive X-ray diffraction 146

— attenuation coefficients 269

— crystallites 226

— Cu—Co alloys 249-256

— Cu-NDb composites 69

— textures 74

corrosion 48, 53, 389

covalent bonding 3 ff

cracking

— residual stresses

- tomography 379

— white high energy X-rays 214

crankshafts 35, 413-420

creep 7,12,48,379f

28, 46 ff
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critical energy 100
cross sections, neutrons—matter interactions
259

crossed-beam techniques 179, 192
cross-slip processes 8

cross-slit system 199

crystal defects 8fF

crystalline materials 4, 115

crystallite—crystallite interactions 128
crystallites
— diffraction methods 118, 221 ff

— orientation distribution 57-78

— residual stresses 26

— small-angle neutron scattering 241
— white high energy X-rays 209
crystallographic orientation 335
crystallographic structures 58
cutting processes 39f

cylinder coordinate system 24
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damage 12

Darwin widths 326

data acquisition 337, 379

data analysis

— angle-dispersive X-ray diffraction 142

— energy-dispersive neutron diffraction
157

— monochromatic high-energy X-rays
191

data evaluation

— radiation-based imaging 295

— white high energy X-rays 213f

data reduction 224, 144f

data structure

— diffraction imaging 223

— monochromatic high-energy X-rays
180

de Broglie relation 155 ff

Debye—Scherrer cone 221 ff

Debye—Scherrer formula 88

Debye—Scherrer rings  71f, 184f

Debye—Waller factors 87, 161

deceleration 92

decomposition

— copper—cobalt alloy systems 249-256

— synchrotron tomography 316

deep drawing 59

deep-rolling 35, 52, 413 ff

defects 4f, 16

— Laue diffraction 353, 357

— white high energy X-rays

deflection 107, 281

DEFORM2D 391f

214

deformation 6, 11, 27

— diffraction methods

— Laue diffraction 364

— monochromatic high-energy X-rays
188

— plastic strain fields 372

— X-ray diffraction microscope

degradation 313

degrees-of-freedom 337

densities 6

depth-resolved energy-dispersive X-ray
stress analysis (XSA) 196 fF

desmeared scattering curve 232

desorption 46

detectors

— angle-dispersive X-ray diffraction 139ff

- B3 imaging 257f

— combined diffraction — tomography 380
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335

— diffraction methods 132

— monochromatic high-energy X-rays 177

- radiation-based imaging 292

- small-angle scattering 229 ff, 239

— synchrotron tomography 317

— white high energy X-rays 199

— X-ray diffraction microscope 335

detector—sample distance

- radiation-based imaging 287 ff

- radiography 261-274

- tomography 274f

— X-ray diffraction microscope 339

deuterium moderator 92

deviatory stressparts 146

diagonalization 22

diamond structure 4

diaphragms 132

differential aperture

— Laue diffraction 354, 357, 361

— X-ray microscopy 335-352

differential cross section 234, 259

diffraction contrast tomography (DCT)
349

diffraction elastic constants (DEC) 120,

128f

— angle-dispersive X-ray diffraction 146,
151

— white high energy X-rays 203

diffraction enhanced imaging (DEI)
323-332

diffraction geometry 62

diffraction methods

— internal stress analysis 115-136

— microstructure imaging 221-228

— residual stress analysis 25, 389-412

diffraction/tomography, combined 379-386



diffractometers 130 ff

— angle-dispersive X-ray 138 ff

— radiation sources 96

— textures 65f

Q-diffractometer 130

y-diffractometer 131

digital image correlation (DIC) 372

direct age process, IN718 390

direct phase-contrast projections 289

discharging processes 310

dislocations 4f, 8

— copper—cobalt alloys 251

— hardening 12

- IN718 390

— Laue diffraction 356f

dispersion corrections

— anomalous 252

— photon/neutrons 85

dispersions 6-12

displacement gradient tensor (DGT) 372

displacements

— internal stresses 22

- synchrotron tomography 318

— X-ray absorption tomography 372

dissolution 11, 310

distortion

— Debye—Scherrer rings 186

— white high energy X-rays 214

divergence

— B3 imaging 258, 262

— white high energy X-rays 201

domains 6, 16

double crystal diffractometer (DCD) 96,
240

drilling 39

dynamic loading 50

e

edge artifacts 318

edge dislocations 8, 28

edge enhancement 317

edge functions 267

eigenimages 225

elastic constants

elastic strains

— energy-dispersive neutron diffraction
156, 169

— Laue diffraction 356f

— white high energy X-rays

elasticity tensor 21 ff

electrical conductivity 255

electrical properties 4

electrochemical effect 7

electromagnetic wave 80

120, 149
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electromigration 369

electron backscatter diffraction (EBSD)
17, 64

electron diffraction 63 f

electron energy-loss spectroscopy (EELS)
17

electronegativity 7

electronic bandstructure 83

electronic shells 83

electronic structure 4

electrons 98

embrittlement 7 ff, 255

energies ranges 80, 335

energy broadening 199

energy-dispersive diffraction

— combined diffraction/tomography 380

— PM Al-Si-alloy 213

— white high energy X-rays 195

energy-dispersive neutron diffraction,
stress analysis  155-176

energy-dispersive radiography (EDR) 269

energy-dispersive setup

— monochromatic high-energy X-rays 177
see also experimental setups

energy-dispersive X-ray spectroscopy (EDX)
16, 64

energy induced shifting 198

energy spectra 196

ENGIN-X virtual laboratory 158, 165

equilibrium concentration 6

errors

— B3 imaging 267

— synchrotron tomography 319

Eshelby—Kréner model 203

Euler angles 57ff

Eulerian cradle 62, 212

Eulerian geometry 131

European Synchrotron Radiation Facility
(ESRF) 182

eutectoid transformation 10

Ewald’s sphere 355

examples

— angle-dispersive X-ray diffraction 148ff

— conical slit 183

— depth-resolved ED diffraction 200f

— diffraction enhanced imaging 329

— Laue diffraction 363

— spiral slit 186

— white high energy X-rays 214

— white transmission geometry 211

experimental setup

— 3D X-ray crystal microscope 358

— absorption-contrast microtomography 301

— combined diffraction — tomography 380

425



426

Index

— conical slit 182

— crankshaft stresses 414

— diffraction enhanced imaging 326 ff

— diffraction methods 130 ff

— macrotomography 296

— spiral slit 185

— white high energy X-rays 199f, 208

— X-ray diffraction microscope 336

extended electron-loss fine structure
(EXELFS) 18

extinction 88

extinction contrast 325

extruded Mg rod 73

extrusion 37f

f

face-centered cubic (fcc)

failure 49

false color composite visualization 224

far field approximation 108

far-field detectors 337

fast neutrons 96

fatigue strength 35, 40, 50

Fe see iron

ferrites 169, 173, 340

o-ferrites 75, 146

ferritic steel 197

ferrous alloys 9

fiber composites 15

fiber texture formation 37

field-ion microscope (FIM) 19

film types 268

film-converter foil systems 257

filter function 279

filtered backprojection (FBP) 277

finite element model (FEM)

— angle-dispersive X-ray diffraction 138,
150

- IN718 393

— residual stress analysis 390

— turbine disks 397

fission process 91

flatfield correction 317

fluorescence microscopy 361

foaming agents 314

focused ion beam microscopy (FIB) 16

focusing optics 361

foliation 57

forging 11, 391

form factors

— photon/neutron properties 84

- small-angle scattering 234

forming processes 291, 34, 389

forward projection 343
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Fourier slice theorem 275, 292
Fourier transform
— B3 imaging 266
— small-angle X-ray scattering 235, 251
fractal behavior
— Laue diffraction 365
— power law scattering 230
Fraunhofer region 289f
free electron lasers (FELs)
freedom degrees 337
Frenkel pairs 46
frequency space 278
Fresnel zone 272, 289f
fretting damage 54
FRG-1 compact core 95
friction 36, 41, 54
friction stir welding (FSW)
— angle-dispersive X-ray diffraction 148
— diffraction imaging 223
— residual stress analysis 389
— white high energy X-rays 214
full width of the half maximum (FWHM)

117, 163
functional principle 184

see also working principle
functional properties 3-20
fusion process 93
fusion welding 42

103, 109

gallium arsenide 4

GaN films 356, 366

gas detectors 229 ff

gauge lengths 183

gauge volume

— angle-dispersive X-ray diffraction 140ff,
150

— diffraction methods 125

— energy-dispersive neutron diffraction 158

—IN718 395

— monochromatic high-energy X-rays 179,
189

— residual stresses 26

— white high energy X-rays 209

Gaussian profiles

— angle-dispersive X-ray diffraction 145

— energy-dispersive neutron diffraction 157

- radiation-based imaging 294

— tomography 282

g-austenite 75

general structure analysis system (GSAS)
158

GENRA-3, macrotomography 296 f



geometrical atomic arrangement 3 ff

geometrically induced shifting 198

geometries, B3 imaging 261

germanium 4

germanium detectors

ghost stress 201

glass-fiber 4 epoxy sample 376

global textures 74

gluing 42

gluons 80

glycolipids 246

grain boundaries 4f, 8ff

— Laue diffraction 363 ff

— residual stresses 25, 28

— X-ray diffraction microscope 335

grain characterization

— monochromatic high-energy X-rays
188

— X-ray diffraction microscope 339

grain coarsening 45

grain family elastic strains 169

grain—grain interactions 341

grain growth 346f, 366

grain mapping

— tomography 349 ff

— X-ray diffraction microscope

grain size 4f, 12

— B3 imaging 268

— diffraction methods 118

grain statistics 122

GRAINDEX 339, 344

gray levels 268

green surfactants 246

grey cast iron 413

grinding 39f, 195

growth studies 340

Guinier equation 233

gyration radius 233

199, 212

h

H,0/D,0 ratio 230
Haigh diagram 51
half value thickness 60
hardening 12

— crankshaft stresses

— residual stresses 30
HARWI-II beamline 300 ff

HASYLAB beamline G 3222

hcp materials 133

heat affected zone (HAZ)

— angle-dispersive X-ray diffraction 149
— residual stresses 43, 400

— white high energy X-rays 214

heat capacity, IN718 394

413f

338, 343 ff

heat treatment

— microstructures 4,9

—IN718 390

— residual stresses 30

— small-angle neutron scattering 242

Hertz dipole 98

Hertzian pressure 35, 54

heterogenous deformation 374

heterophase interfaces 4

hexagonal closed-packed (hcp) micro-
structures 4

high-energy ball milling 240

high-energy synchrotron radiation 177

high fatigue strength, IN718 390

High Flux Reactor FRM II 93

high-resolution TEM (HRTEM) 18

HIPPO diffractometer 67

holographic reconstruction 290

homogeneous deformation 373

Hooke’s law 23

hoop stresses 414 ff

hot neutrons 96

hot-isostatic pressing (HIP) 29

Hough transformation 64

Hurst coefficients 366

hydrides 240

hydrocarbon chains 4

hydrogen moderator 93

hydrogen storage 240

hydrophilic shell 247

hydrostatic stresses 146

i

image analysis 310

image artifact 316

image degradation 267

image noise 317

image reconstruction 277

imaging gas 19

imaging, radiation-based 287-308
immersion 144

impacts 92

impurity atoms 7

in situ texture measurement 74f
inclusions 10, 28

incoherent background 137
incoherent scattering contribution 82
Inconel alloy 718 (IN 718)

— angle-dispersive X-ray diffraction 150
— residual stress analysis 390

— white high energy X-rays 201
indepth residual stress analysis 133
indexing 339, 344f

indirect phase-contrast projections 290
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induction hardening 416

industrial applications 387-420

inhomogeneities 229 ff

in-line imaging 325

instrumental gauge volume (IGV)
158 ff, 163

instrumentation

— radiation sources 96f

- small-angle scattering 229 ff, 239

intensities

— diffraction methods 118

— synchrotron radiation sources 101

interactions

— neutrons—matter 259

— photons—neutrons 80

interfaces 8

interferometers 289, 304

intergranular strains

— angle-dispersive X-ray diffraction 147

— diffraction methods 133

— white high energy X-rays 207

intergranular stresses 38, 168

intermediate zone 195

intermetallic phases 7 ff

internal stress 21-56

internal stress analyses 115-136

interplanar lattice spacing 119

interstitial atoms 8, 28

intrinsic detector resolution 199

inverse pole figures 61

ionic bonding 3 ff

iron

— angle-dispersive X-ray diffraction 146

— attenuation coefficients 269

— macroscopic cross section 260

— magnetic scattering pattern 236

— transmission thickness 208

irradiation chamber 296

irradiation of samples (ICI) 96

ISIS methane moderator 162

isostatic pressing 29

isosurfaces 375

isotope labeling 86

iterative statistical approach 224

J
JCPDS data files 117

joining processes 42

k

K-absorption edge 252

Kikuchi line/pattern 63

kinematic scattering theory 88
Kirkpatrick—Baez mirror system 358, 361

Kossel-Mollenstedt pattern 64
Kramers—Kronig analysis 18
Krivoglaz defects 357

Kronecker é-function 23

Kroner model, IN718 397
Kropff model 157
Kurdjumov-Sachs orientation 75

)

L/D-ratio 262f, 273f
laboratory scale measurements
Lambert's law 275

lamellae 10, 239

Laplace stresses 206

Laplace transform 126, 199
large-scale facilities 65

laser beam welding (LBW) 389

62,119

laser-welded joints 400 f, 405
lattice defects 46
lattice parameters 121, 145

lattice planes 116, 145, 155 ff

lattice spacing

— angle-dispersive X-ray diffraction 139
— diffraction methods 119

— photon/neutron properties 87
lattice strains

- IN718 396

— monochromatic high-energy X-rays
— white high energy X-rays 196
lattice structures 4

Laue crystal 183

Laue diffraction 353-370

Laue equations 116f

Laue monochromator 188
Laue—Bragg geometry 301
Laue-Laue geometry 301
least-squares fits

— energy-dispersive neutron diffraction 157
— monochromatic high-energy X-rays 191
length scale 25

lifetime

— alkaline cells 310

— crankshafts 413
Lifshitz—Slyozov—Wagner theory 254
light optical microscopy (LOM) 16

line defects 8

line spread function (LSF) 264

linear pole figure 73

lineation 57

loading

— internal stresses 21

— residual stresses 50

— textures 75f

local residual stress analysis 133
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Lorentz factor 98, 107

Lorentzian profile 158

Loschmidt number 260

low-TC superconductors 312

m

machining 39

macro/nanotomography 287-306

macroscopic cross sections 234, 259

macroscopic properties, metal foams 315

macrostrain tensor 184 ff

macrostresses

— angle-dispersive X-ray diffraction 147

— residual 25, 37, 47

macrotomography 296

magnesium 73

magnesium hydride 240

magnetic dipole moment 80

magnetic holes 243

magnetic scattering cross sections 243

magnetic scattering length density (SLD)
243

magnetic structures 235

manganese oxide 311

mapping 338, 343 ff

maraging steels 242

markers 305, 371-378

martensite 31, 43

master plot 199

matching point 230

materials properties 3-20, 329

mathematical introduction, tomography
2741

MAXIM setup 180, 222

Maxwell equations 79f, 88

Maxwell spectrum 259

mean free path, neutrons 260
mechanical agitation 268
mechanical properties 4, 12, 21-56

mechanical surface treatment
mechanical twins 6
melting point 6, 12
melting 313, 329
mesoscopic structures
metal carbides 255
metal cutting 39
metal hydrides 240
metal matrix composites (MMCs)
metallic bonding 3 ff
metallic foam structures
metals 3 ff

Mg-Al-Zn alloy 329
MgHy samples 240f
micelles 246

195, 205

353

215, 379
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microbeam diffraction 221 ff

microbeam monochromator 359

microbunching 110

microchannel plate (MCP) 222

microhardness 403

micron-resolution Laue diffraction
353-370

microscopic cross sections 259

microscopic image, Nb;Sn precursor wire
313

microstrains 118, 184

microstresses 25, 47, 147

microstructural analysis 5, 221-228, 375

microstructure  3-20

- IN718 392

microtomography 300 ff

milling parameters 242

mineralogical applications
see also applications

miniature creep device 381

minimum noise fraction rotation 225

miscibility gap 252

misorientation 9

mobility 6

moderator materials 92, 157

modulation transfer function (MTF)
292

mole fractions 5

momentum 80

monochromatic high-energy X-rays, residual
stress analysis 177-194

monochromatic Laue microdiffraction 353

monochromatic neutron beam 66

monochromators

— angle-dispersive X-ray diffraction 139

— diffraction enhanced imaging 323 ff

— energy-dispersive neutron diffraction 174

— Laue diffraction 357

— synchrotron tomography 309

monodisperse spherical shell model 247

monodisperse structure distribution 235

Monte-Carlo-based reconstruction 344

morphology

— CuZn40Pb2 383

— microstructures 12

— X-ray diffraction microscope 335

motion artifacts 318

multichannel analyzers (MCA) 212

multifilamentary superconductor wires

multilayer thin films 46

multiphase materials 26

— angle-dispersive X-ray diffraction 138

— energy-dispersive neutron diffraction
172

331

266,

312
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multiple crystal reflections 289
multiple scattering 282
multiplicity factor 209
multiwavelength method 201 f

n

nanocrystalline magnesium hydride
240

nanocrystalline materials 342

nanostructures 249

nanotomography 287-306

Nb;Sn multifilamentary superconductor
wires 312

near field detectors 336

near field region 289 ff

neutron diffraction

— stress measurements 397

— strain measurements 395, 404

— textures 65

neutron flux 91, 259

neutron tomography 275, 281f

neutron-radiation-based imaging
287-308

neutrons

— diffraction methods 116

— generation/properties  91-112

— optics 163

— physical properties  79-90

NigFey single crystal 356

Ni-based superalloy 390

nickel 146, 208

nickel-aluminum alloys 9

nickel-based superalloys

— microstructures 10

— angle-dispersive X-ray diffraction 150

- IN718 201

nickel crystal 356

nickel triple grain junction 364

nitriding 33

noise reduction 317

nondestructive methods

— diffraction 115-136

— textures 68

— X-ray diffraction 335

nondispersive focusing optics 361

nonlinear lattice strain distributions
123 ff

nuclear fission process 91

nucleation

- IN718 391

— microstructures 7, 16

— textures 58

— X-ray diffraction microscope 340

nucleons 93

o

object—detector distance

— diffraction enhanced imaging 325
see also sample—detector distance

N-octyl-b-maltopyranoside (OM) 247

optical transfer function (OTF) 266

orientation distribution function (ODF)

— monochromatic high-energy X-rays 191

— textures 57 ff, 61

orientation mapping 338, 343 ff

oscillations

— photon/neutron properties 83

- radiography 271

— synchrotron radiation sources 100

oxide dispersion strengthened (ODS)
superalloys 10

p

parallel-beam tomography 290

parasitic mode 99

partially hardened components 32

particle growth 11

particle reinforced wear resistant metal
matrix composites (PMMCs) 29

particle tracking 372

particle wave 80

peak fitting 144, 157

pearlite 31

pearls 331

Peierls—Nabarro stress 12

penetration depths

— angle-dispersive X-ray diffraction 137 ff

— diffraction methods 125, 131

— white high energy X-rays 195ff, 207 ff

penetration power 60

periodic magnetic multipole structures 105

perlitic steel 10, 225

phase analysis 172

phase contrast radiography 272

phase diagram, copper—cobalt alloys 250f

phase mapping 192

phase sensitivity 115

phase shift 324

phase transformations 30, 43, 340

phase-contrast projections 288f, 371

phase-enhanced projections 289

phases 4f, 16

— Laue diffraction 356

— white high energy X-rays 207

— X-ray diffraction microscope 335

photon flux 70, 258

photons

— diffraction methods 115

— physical properties 79-90



— rejection 325

physical properties  3-20

— internal stresses 21-56

— photons/neutrons  79-90

physical vapor deposition (PVD) 47

pinholes 263

planar defects, microstructures 8

PlancKs constant 196

plane stress 24

plastic deformation

— microstructures 13

— residual stresses 37 ff

— white high energy X-rays 207

— X-ray absorption tomography 371

— X-ray diffraction microscope 341

plastic strain

- fields 371-378

— monochromatic high-energy X-rays
188

plexiglass bar shoulder image 326

PM Al-Si-alloy (AlSisCusMg;) 213

point defects 4, 8

point detectors 132

point sources 80

point spread function (PSF) 264

Poisson ratio

— diffraction methods 128

— IN718 394, 397

- internal stresses 23

polarization 103

polarized neutrons

- radiography 258f

— small-angle neutron scattering 239

- small-angle scattering 237

POLDI diffractometer 96

pole figures 60 ff

polycapillary techniques 192

polychromatic Laue microdiffraction
353-370

polychromatic neutron beam 155 ff

polycrystal anisotropy 59

polycrystal deformation 341

polycrystalline indexing scheme 339

polycrystalline multiphase assembly 4

polycrystalline networks 363

polycrystalline singlephase material 10

polycrystalline solid aggregate 118

polycrystalline specimen 221 ff

polyethylene 270

polymer matrix—SiO, nanoparticles 245

polymers 3 ff

pore volume, CuZnyPb, 383

Porod approximations 233, 241

porosity 214

Index

positrons 98

postweld heat treatment (PWHT) 45, 400

potassium hydroxide 311

powder metallurgy 4

powder-in-tube superconductor strand,
Nb;Sn 316

power law/scattering, fractal systems 232

precipitates

— copper—cobalt alloy systems 249 ff

- IN718 391

— microstructures  5-12

— residual stresses 28

precipitation behavior 242

primary bonds 3 ff

principal axis tensor transformation 22

principal component analysis (PCA) 225

principles, diffraction imaging 221 ff

Prins refractive index 324

processing chemicals 268

projections

- B3 imaging 257ff

— radiation-based imaging 287 ff

— tomography 274

— X-ray diffraction microscope 343

protons 93

pseudostrains 157

pulsed sources 155 ff

pure cooling 30

q
quality, synchrotron tomography 317

quantitative analysis 104, 371-378
quantitative phase analysis 172
quarks 80

quasiisotropic materials 121f
quenching

— crankshaft stresses 418

—IN718 392

— residual stresses 49

r

radiation sources 91-112
radiography, B3 imaging 257-286
Radon transform 275, 281, 291
random walk method 121

real space 199, 206

real-life components 152
real-time radiography 271
reciprocal lattice vectors 87
reciprocal space 355
reconstruction

— combined diffraction—tomography 380
— radiation-based imaging 290

— synchrotron tomography 317
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reconstruction algorithms 335 ff

recovery 6, 12, 44

recrystallization
— diffraction imaging 226
— microstructures 6, 12

— residual stresses 44
— X-ray diffraction microscope 340, 346 f
reflections
— angle-dispersive X-ray diffraction 145 ff
— diffraction enhanced imaging 326
— diffraction methods 116, 132, 223
- IN718 392
— monochromatic high-energy X-rays
180 ff
— white high energy X-rays
refraction
— diffraction enhanced imaging 323, 328
— radiation-based imaging 288f
— tomography 281
refraction index 221ff, 324
reinforced materials 329
relaxation
— residual stresses 47
— white high energy X-rays
research reactors 91 ff
residual stress 16, 24 ff
residual stress analysis (RSA)
— angle-dispersive X-ray diffraction
137-154
— crankshafts 413-420
— diffraction methods 115
— monochromatic high-energy X-rays
177-194
— white high energy X-rays
resolution
— angle-dispersive X-ray diffraction 145
— B3 imaging 264
— diffraction imaging 225
— energy-dispersive neutron diffraction
160
— Laue diffraction 353
— marker-based strain measurements 373
— microstructures 17
— monochromatic high-energy X-rays
177 ff, 192
— radiation-based imaging 290
- small-angle scattering 231
— synchrotron tomography 309
— white high energy X-rays 199, 209
— X-ray absorption tomography 371
— X-ray diffraction microscope 336, 342
resonances 85
reversible hydrogen storage 240
Rietveld refinement

195-206

208, 217

195-221

— energy-dispersive neutron diffraction
158, 162

— texture analysis 66

— white high energy X-rays 213

ring artifacts 316

rolling 11,58

rotation axis centering 319

roughness 318

s

saccharide residues 246
sample—collimator distance 296
sample—detector distance 325, 336
sample positioning 141 fF

sample system, diffraction methods 119
scaling parameters 15, 99

scanning electron microscopy (SEM) 16
scanning transmission electron microscopy

(STEM) 17
scatter free absorption imaging 323 ff
scattering

— angle-dispersive X-ray diffraction 137ff

— B3 imaging 261

— photon/neutron properties 81 ff

— synchrotron tomography 318

scattering curve, small-angle 230

scattering geometry 209

scattering length density difference (SLDD)
230, 235

scattering vector

— diffraction methods 126

— small-angle X-ray scattering 251

— white high energy X-rays 206

Schrédinger equation 801, 88

Schwinger equation 106

secondary bonds 3 ff

secondary ion mass spectroscopy (SIMS) 16

second-generation synchrotrons 179

section polynomial diffraction methods 126

segregation 7

selected area diffraction (SAD) 64

self affine behavior 365

self-amplification of spontaneous emission
(SASE) 110f

self-organization 353

self-organized criticality model 226

semicircle artifacts 319

semiconductors 3 ff

semifinished products 68

separation algorithm 312

shadowing effects 47

Shannon theorem 277

shape factor 312

shear strains 127 ff



shear stresses 22,122, 127 fF

shell model 247

shifting 198

shot-peening 52, 195

shoulder images 326

shrinking 30, 42, 214

Si particles 216

signal-to-noise ratio 328

silicon 4

simultaneous strain measurements 188

sin? y technique 122f, 198 ff

single crystal anisotropy 59

single crystals 170, 174, 365

single grain measurements 137

single phase material 10, 25

sintering 29, 379

SiO; nanoparticles 245

size distributions 235

size ranges 5

SKAT diffractometer 67

skin-skin joints 401

slice theorem 276

sliding 12

slip patterns 188

slip planes 6, 13

slit system

— angle-dispersive X-ray diffraction 139f

— energy-dispersive neutron diffraction
159

— monochromatic high-energy X-rays
177, 192

— white beam high energy X-rays 199, 211

— X-ray diffraction microscope 335

sluggishness 392

small-angle convergent beam electron
diffraction (SCBED) 63

small-angle neutron scattering (SANS)
23211, 239-248

small-angle scattering methods (SAS)
229-238

small-angle X-ray scattering (SAXS)

SN (Wéhler-) curves 50

Sn films 367

Sn-Ag-Cu alloy 117

software, Laue diffraction 362

soldering 42

sol-gel process 245

solid solutions 7, 12

solidification 340

solidus-liquidus line, copper—cobalt
alloys 250

Soller collimator 222

solubility, microstructures 7

sonograms 292

249 ff

Index

sources
— Laue diffraction 358

— synchrotron radiation 103

— spallation 91f

space constraints 188

spark plug 271

spatial orientation 21

spatial resolution see resolution

spectral bandwidth 100f

spectral transforms 225
sphere-of-confusion errors 354

spherical aberration 18

spherical shell model 247

spins 80

spiral slit system 184, 192

splines 235

spot overlap

— monochromatic high-energy X-rays 188
— X-ray diffraction microscope 342

spot pattern 64

spraying 47

sputtering 46

SRmCT 303

stability 7

stack plot 197

stacking faults 6ff

stacking layers 344

static loading 50

stationary detector mode 71
statistical approaches 224
steels

— crankshafts 413

— microstructures 8

— precipitation behavior 242
steep residual stress gradients
stereographic projection 60
stereology 57

stiffness tensor 23

storage rings 99, 105 ff
strain

— diffraction methods 118fF
— energy-dispersive neutron diffraction 156

204

— friction stir welds 214
— gradients 125

— relaxation 215

strain fields 371-378

strain-free diffraction rings 191

strain-free lattice spacing 196

strain hardening 9, 12

strain scanning

— AAGO13 T4 (Al alloy) 215

— angle-dispersive X-ray diffraction 138

— energy-dispersive neutron diffraction
1571t, 172
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— monochromatic high-energy X-rays 192
strain tensor

— internal stresses 21ff

— Laue diffraction 360

— monochromatic high-energy X-rays 191
— X-ray diffraction microscope 335
strengthening 7 ff, 12

stress analysis

— angle-dispersive X-ray diffraction 137-154

— diffraction methods 115-136

— energy-dispersive neutron diffraction
155-176

stress equilibrium 24

stress-free interplanar lattice distance 121

stress-free references 147f

stress gradients 125

stress relaxation 208, 215

stress relief annealing 45

stress—strain concentrations 375

stress tensor

— diffraction methods 115

- internal stresses 21 ff

stresses, turbine disks 397

structual properties 3-20

structural characterization, MgHy
samples 241

structure factor

— photon/neutron properties 87

- small-angle scattering 234

— white high energy X-rays 210

subgrains 6, 342

superconducting films 356

superconductorss 312

superplasticity 7

superpositions 325

supersaturated solid solution 9

surface grain growths 366

surface hardenings 32, 40

surface roughenings 365

surface stressess 137-154

surface treatment 195, 205

surfactants 246

synchrotron radiation 97

synchrotron sources 84

synchrotron tomography 309-322

synchrotron X-rays 70

synchrotron-radiation-based imaging
287-308

systematic errors 178

t

Talbot effect 290

Taylor series approximations 188, 328
t-depth profiles see penetration depth

temperature dependence

— energy-dispersive neutron diffraction
157

— IN718 heat capacity 393

— microstructures 6

— residual stresses 27, 30, 41, 49

template matching 64

tensile stresses 30, 44

— angle-dispersive X-ray diffraction 151

— white high energy X-rays 205

tensile tests 130, 396

tetragonal microstructures 4

textures

— analysis 57-78

— conical slit 183

— CuZn40Pb2 383

— diffraction methods 120, 124

— Laue diffraction 356f

— monochromatic high-energy X-rays
179, 190

- tomography 379

— white high energy X-rays 207

theoretical basis, polychromatic
microdiffraction 355

thermal affected zone 224
see also heat affected zone

thermal expansion coefficient 29, 44

thermal loading 39

thermal neutrons

— photon/neutron properties 80

— radiation sources 96

— transmission thickness 208

thermal spraying 47

thermal treatment 313

thermomechanical treatment

- IN718 390

— textures 57

thermophysical properties 7

— 0-0-mode 196

thin film stresses 46

thin plate stresses 398

third-generation slit 182

Thomson scattering 84

three-dimensional grain growth 366

three-dimensional image analysis see image

three-dimensional micron-resolution Laue
diffraction  353-370

three-dimensional plastic strain fields
371-378

three-dimensional X-ray diffraction
(3DXRD) 335-352

— monochromatic high-energy X-rays
178 F, 188, 192

through-hardening 32



through-thickness scan 152

time counting 160

time-dependent processes 208

time focusing 163

time-of-flight (TOF)

— detectors 132

— diffractometer 170

— mass spectrometer 19

— methods 66

— spectrometers 138

— strain scanners 159f

- transmission analysis 170

— neutron diffraction 155 fF

time-temperature-transformation (TTT)
172

time structure 104

titanium

—alloys 8

— hydride powders 315

— TiAl6V4 samples 379

— TiB2 coating 11

— transmission thickness 208

Toints 400 ff, 405

tomographic reconstruction 291

tomography

- B3 imaging 257ff, 274ff

— combined with diffraction 379-386

— 3DXRD 348

— plastic strain fields 371-378

u-tomography 309-322

top image 323ff

topo-tomography 350

tracking

— plastic strain fields 371

— X-ray diffraction microscope 337

trajectory 106

transformation matrix 120

transformations 15

translation scan 212

transmission analysis 170

transmission electron microscopy (TEM)

— microstructures 17

— small-angle neutron scattering 244

— textures 64

— TiB, coating 11

transmission geometry 177

transmission modes 207-219

transmission technique 192

transmission thickness 208

triaxial stresses

— angle-dispersive X-ray diffraction
146

— diffraction methods 121

— spiral slit 186

Index

tribo-systems 53

tungsten inert gas (TIG) welding 44

turbine discs 390, 397, 150

turning processes 39

twinning-induced plasticity (TWIP) 9

twins 5, 8fF

two-circle diffractometer 117

two-dimensional-ART reconstruction
algorithm 344

two-phase materials 10

two-phase model 241, 251

u

ultrahigh-vacuum (UHV) chambers 104

ultrarelativistic electrons acceleration 309

ultrasmall angle neutron tomography
(USANS) 282

undulators

— decomposition kinetics 250

— Laue diffraction 359

— synchrotron radiation sources 105

unit cell 87

universal plot method

— diffraction methods 126

— white high energy X-rays 199, 204

Uranium-235 nucleus 91

v

vacancies 5, 8, 28
vacuum-ultraviolet (VUV) range 110
van der Waals bonding 3 ff
vanadium 240

VESPERS beamline 360

virtual laboratory 164
visualization

- diffraction imaging 224

— radiation-based imaging 295
voids

— copper—cobalt alloy systems 251
- CuZn40Pb2 383

— residual stresses 28

— synchrotron tomography 312
Voigt function 124, 129, 157
volume fraction

— copper—cobalt alloy systems 254
— diffraction methods 118

— microstructures 6, 9

— residual stresses 44, 54

— small-angle neutron scattering 241
— textures 57

— X-ray diffraction microscope 340
volume renderings 296, 299
volume shrinkage 30

Von Mises criterion 51, 147
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w

W particles tracking 372

water cooling 30

water quenched turbine discs 150

wave equation 324

wave propagation 83

wave vector 80f, 239

wavelength dispersive X-ray spectroscopy
(WDX) 16

wavelength distribution 258

wavelength range

— angle-dispersive X-ray diffraction 137ff

— energy-dispersive neutron diffraction
155 fF

- IN718 396

— photon/neutron properties 79

— synchrotron radiation sources 101

— synchrotron tomography 309

— textures 66

wear processes 53

welding

— angle-dispersive X-ray diffraction
138, 149

— residual stresses 42, 401
see also friction welding, etc.

whiskers 367

white high energy X-rays

wigglers

— combined diffraction — tomography 380

— decomposition kinetics 250

— synchrotron microtomography 301

— synchrotron radiation sources 105 ff’

— white high energy X-rays 108, 211

195-221

wires 11, 312

Withers model 160

Wohler curves 50

work hardening 6, 12

working principle, conical slit 181

X

X-ray absorption tomography, plastic
strain fields 371-378

X-ray diffraction microscope 62 ff,
335-352

X-ray stress analysis (XSA) 196 ff
X-rays 79, 83fF
Y

Y;05 particles strengthening 10
yield strength

— crankshaft stresses 416

— microstructures 10, 13, 49
yield stress 35, 169

Young'’s modulus

— IN718 394, 397

- internal stresses 23

— diffraction methods 128

z

Z-contrast images 18
z-depth profiles 199
Zener predictions 341
zinc/zinc oxide 310ff
zincblende structure 4
zone model 47
z-space 126



