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a-relaxation. See alpha relaxation, out-of-cage

diffusion
B-relaxation. See in-cage diffusion
&y method, 85

Accelerated Stokesian Dynamics, 129
adhesive hard spheres, 28, 197
moduli, 212
aggregation
orthokinetic, 159
perikinetic, 159
aging, 174, 184, 198, 205, 215, 250, 378
soft particles, 250, 262-267
microstructure, 265
AHS. See adhesive hard spheres
alpha relaxation, 247, 256
Anand-Kwack—Masud model, 330
anisotropic soft colloids, 236
anisotropy, 33, 160
anti-thixotropy, 372
Apostolidis—Armstrong—Beris model, 331
Apostolidis—Beris model, 325
applications, 367
Arbitrary Lagrangian—Eulerian, 132
arrested phase separation, 191, 196, 198
aspect ratio
from scattering, 158
asphalt, 196, 375
asphaltenes, 376
Associative ABA triblock copolymers, 299
associative polymers, 364, See also HASE
polymers, HEUR polymers
athermal, 4

Batchelor equation, 240

Baxter parameter, 23, 192, 195, 209
Bénard cells, 362

bending rigidity, 195

beta relaxation, 247

Bingham model, 37, 178

Bingham number, 214

biocolloids, 291

biological fluids, 190

biomaterials, 291

bitumen, 375-380
colloidal structure, 377, 379
composition, 376
block copolymer micelles, 237, 294-302
melts, 237
block copolymers, 235
AB block copolymers, 294-299
ABA block copolymers, 294-299
crystallization, 300
metls, 237
blood, 196, 303, 316
elastoviscoplastic, 322
LAOS, 329
microstructure, 322
steady-state shear models, 324-329
thixotropic models, 331
thixotropic—viscoelastic models, 334
thixotropy, 331
transient shear flow models, 329
viscoelastic models, 330, 338
viscoelasticity, 329
wall shear stress, 321
yield stress, 325-329
bond lifetime, 211
Boundary Element Method, 131
Boundary Integral Method. See Boundary Element
Method
bovine serum albumin, 303
Bragg’s law, 157
bridging, 272
Brownian dynamics, 125, 183, 198, 204
Brownian force, 5, 155
Brownian hard spheres, 10-21
linear viscoelasticity, 10
normal stress differences, 16
shear thickening, 17
viscosity curve, 13
zero shear viscosity, 10
Brownian motion, 5, 184
free draining, 68
Brownian particles, 5
Brownian stress. See particle stress
brushing, 360
butterfly pattern, 158
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cage, 8, 173, 210
melting, 184
cage model, 247
capsules, 233
carbon black, 196, 367-375
aging, 369
conductivity, 368
electrical properties, 373
rheology, 369
sample preparation, 369
structure, 367
cardiovascular, 320
Carnahan—Starling equation, 10
casein, 292
Casson model, 37, 319, 321, 325
cement, 196, 380-389
hydration reaction, 386
plasticizer, 388
rheology
origin, 384
tuning, 388
cement-based materials
rheology, 381
cement-based products, 380
thixotropy, 383
yield stress effects, 382
centrifugation, 390
charged particles, 233
clay, 158
cluster
break-up, 203
cluster structure, 193
coarsening, 198
coatings. See paints
coffee-ring flow, 360
colloidal crystals, 188
oscillatory shear-induced, 182
colloidal gel. See gel
colloidal glass, 177
attractive, 190
flow curves, 179
linear moduli, scaling, 180
linear viscoelasticity, 180-182
shear induced, 243
steady shear rheology, 177
step strain test, 187
stress relaxation, 186
colloidal mixtures
soft-hard mixtures, 272
soft—soft mixtures, 271
solventless, 273
colloid-polymer mixtures
soft particles, 268
compressive yield stress, 393
concrete, 380
confocal fluorescence microscopy, 230
confocal microscopy, 165, 176, 193, 203

contact friction, 195
Continuum Solvent Methods, 132
coordination number, 197
core-shell microgels, 180
cosolvents, 366
craters, 362
creep, 185
colloidal gel, 206
creep and recovery test, 186
creeping flow, 44, 48
critical gel, 177, 207
Cross model, 37
crossover frequency, 181
crystal, 173
crystallization
soft particles, 243
shear-induced, 243
curtaining, 358

dam failure, 392
Darcy permeability, 85
Deborah number, 214
depletant, 241
dewatering, 395
diffusion, 6
cage, 92
collective, 62, 92
soft particles, 245
diffusion-limited cluster aggregation, 175
dilatancy, 20
Dissipative Particle Dynamics, 130, 136-141, 204
Distributed Lagrange Multiplier/Fictitious Domain
method, 133
DLCA. See diffusion-limited cluster aggregation
drug delivery, 292
dry stacking slope, 391
dynamic arrest, 181, 191, 209
delayed, 206
dynamic heterogeneities, 174
dynamic light scattering, 177
dynamic structure factor, 265
dynamically arrested state, 174, 191, 265, 272

effective volume fraction, 180, 240
Einstein relation, 3

elastic collision method, 126

elastic recoil, 185

elasto-hydrodynamic deformation, 139
elasto-hydrodynamic lubrication, 180, 249
elasto-viscoplasticity, 31

elastomer particles, 235

elastoplastic models, 258

electrochemical impedance spectroscopy, 374
elongational flow. See extensional flow
emulsion, 233, 252

emulsion paints, 354

ergodicity, 174, 181, 191
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Ermak-McCammon scheme, 71
erythrocytes. See red blood cells
excluded annulus model, 80, 84

excluded volume. See particle interactions
extensional flow, 36, 169

Fahraus, 318, 324
Fahreus-Lindqvist efffect, 324
Fast Lubrication Dynamics, 130
fibrinogen, 316, 326, 333
filtration, 390, 397
Finger tensor, 106
flocculants, 397
flow advection, 105
Fluid Particle Dynamics, 134
Fluid Particle Model, 138
fluidity models, 257
fluorescent confocal microscopy, 175
Force Coupling Method, 132
fractal, 159, 175, 193, 211, 368
free energy

star polymers, 241
friction, 20, 140

gel, 174, 390
anisotropic particles, 195
depletion, 193, 198, 200
equilibrium, 174-175, 195, 215
formation, 197
fractal, 175
frustrated, 175
heterogeneous, 175
homogeneous, 175, 191, 196
rheology, 209
local microstructure, 197
mechanisms of formation, 191
micromechanics, 193, 195
network, 196
phase separation, 191
rheology, 199
thermoreversible, 177
gel transition, 209, 250
dynamic light scattering, 209
block copolymers, 291
SANS, 208
thermoreversible, 250
gel transition concentration, 390
generalized Smoluchowski equation, 57, 96
generalized Stokes—FEinstein equation,
182
glass, 173, See also colloidal glass
attractive, 174, 191
rtheology, 199
attractive driven, 173
entropic, 255
jammed, 242, 250
melting, 174

Index

repulsive, 173

soft particles, 242, 246
glass line, 191
glass transition, 174

soft particles, 251

volume fraction, 178
grafted colloidal particles, 235
gravity, 175, 192
gravity batch settling, 395
Green—Kubo relation, 45, 82

shear modulus, 88
generalized, 106
GTC. See gel transition concentration

hairy colloids, 235
hard spheres, 1, 4, 173
HASE polymers, 364
HAWB model, 334-337
hematocrit, 316, 326, 333
Herschel-Bulkley model, 37, 178, 251,
392

Hertzian potential, 238
HEUR polymers, 364
high pressure filtration, 393
hindered settling function, 395
Hippocrates, 317
hopping, 174

of electrons, 373

thermally activated, 188
hydroclusters

microscopy, 167
hydrodynamic drift term, 61
hydrodynamic interactions, 155
hysteresis loop, 30

Immersed Boundary Method, 134
immunoglobulin, 303
in-cage diffusion, 174
Integration through Transients, 105
intermediate scattering function,
265
two-step decay, 180
internal stress, 267
interparticle potential, 21
depletion forces, 25
dispersion forces, 22
electrostatic forces, 22
soft particles, 238
square well, 23
star polymers, 239
steric repulsion, 24
Yukawa potential, 239
inverse melting, 292
irrecoverable strain, 183
isostatic structure, 197
isostaticity, 197
It-convention, 197
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jamming
soft particles, 242

kinetic hardening, 33
Kramers—Kronig relations, 182
Krieger—Dougherty equation, 304

Langevin dynamics. See Brownian
Dynamics
Langevin equation, 45, 62
inertial, 64
positional, 61, 64
self-consistent generalized, 45, 96

large amplitude oscillatory shear (LAOS), 44, 201,

253, 273, 306, See also blood
large scale processing, 389
Lattice Boltzmann method, 145
leveling, 356
linear rheology, 253
linear viscoelasticity, 10
liquid-crystal coexistence, 173, 175
localization length, 182, 192, 199, 207
log-rolling, 371
long-time self-diffusion, 245
long-time tail, 64, 90, 264
lubrication, 17, 72, 122
lysozyme, 303

mADb solutions, 304
maltene, 377

Markov chain, 63
Markovian process, 63, 71
Mason number, 213

Mason-Weitz dynamic modulus relation, 91,

100-104
Maxwell model, 14, 257
MCT. See mode coupling theory
mean squared displacement, 6, 262
micelles, 235, 291
microchannel, 168
microgel, 184, 232, 234, 251
wall slip, 260
micromechanical models, 258
micromechanics, 195
microrheology, 165
microscopy, 165, 169
microstructure, 2, 75, 155, 233
depletion gel, 193
flow-induced, 156-163, 271
jammed microgel, 259
shear-ordered, 162
stresses calculated from, 163
migration, 189
milk, 292
mineral colloidal suspensions, 196
mobility functions, 54, 86
mobility matrix, 70, 128

mode coupling theory, 177, 248, 255, 273

homogeneous gels, 207

naive, 199

PRISM, 200
modulus

dynamic, 37

elastic, 37

high frequency, 90

loss, 37

Maxwell, see Maxwell model

plateau, 181

shear, 37

storage, 37

viscous, 37
Molecular Dynamics, 62, 104, 187
monoclonal antibodies, 305
Mori-Zwanzig equations, 105
mortar, 380
mortar/concrete

origin of rheological behavior, 383
Mountain-Zwanzig formula, 89, 101

Multi-Particle Collision Dynamics, 130, 141

multiarm star polymers, 235
multilamellar vesicles, 237, 263
multiplicative noise, 69

nanoparticle organic hybrid materials, 238
Navier-Stokes equations, 47-55, 72, 121

non-Newtonian rheology, 13

non-spherical particles, 11, 129
soft, 236

nonergodic. See ergodicity

nonergodicity parameter, 98

normal stress differences, 38

open time, 359

orange peel, 362

oscillatory flow, 37

Oseen tensor, 48

osmotic compression, 229, 234, 247,
269

osmotic deswelling, 240

osmotic pressure, 10, 24, 166, 240

osmotic shrinkage, 240

out-of-cage diffusion, 174

overaging, 264

paint, 196, 353-367

application, 360

desired rheology, 363

drying, 356

shear rates involved, 354
pair correlation function, 184
pairwise additivity approximation, 84
particle alignment, 158
particle dynamics, 177, 215
particle elasticity, 236
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particle interaction potential. See interparticle
potential, 239
particle interactions, See also interparticle
potential
athermal, 4
directional, 195
excluded volume, 4
hydrodynamic, 4
particle localization, 181
particle migration, 168
particle solvent methods, 134
meshed solvent, 141
unmeshed solvent, 134
particle stress, 75, 106
Brownian, 6
gravitational, 7
inertial, 7
patchy interactions, 195
Péclet number, 6
for gels, 213
gravitational, 192
percolation
connectivity, 192
directed, 197
rigidity, 191, 198, 209
SANS, 211
percolation point, 191
percolation theory, 212
pharmaceutical applications, 291
phase diagram, 173
adhesive hard spheres, 210
attractive colloids, 178
attractive interactions, 174
dynamical arrest transition, 192
gas phase, 174
hard spheres, 8
phase separation. See phase diagram
phase transition. See transition
Pickering emulsions, 235
pin-holes, 362
pipe flow
pipe blockage, 392
pipeline flow, 391
segregation, 392
plasma, 316
PMMA particles, 175
Poiseuille, 319
Poiseuille flow, 169
polydispersity, 26, 173, 175, 188
polymer brush. See soft-particle rheology,
interparticle potential: steric repulsion
population balance modeling, 371
preshear, 194, 199, 205, 216
printing inks, 352
process equipment
role of yield stress, 392
projection-operator formalism, 97

Index 411

proteins, 302-307
aggregation, 306
food and biopharmaceutical applications, 292
globular, 303
interfacial effects, 303

radial distribution function, 9, 166
random close packing, 26
rate-of-strain tensor, 35
RBC. See red blood cells
RCP. See random close packing
reaction-limited cluster aggregation, 175
red blood cells, 316, 337
rejuvenation, 205, 215, 263
relaxation time

Brownian, 6

shear stress, 84

particle momentum, 84
repulsive entropic glasses, 255
repulsive jammed glasses, 256
residual stresses

glasses, 108, 186

soft partices, 255, 267
Reynolds number

particle, 7
rheo-dielectric, 375
rheo-SANS, 156-169, 243, 254

geometry, 160
rheo-SAXS, 158
rheological modifiers, 364
rheopexy. See anti-thixotropy
rigidity percolation, 209
rigidity transition, 212
RLCA. See reaction-limited cluster aggregation
Roscoe model, 378
Ross—Minton equation, 304

modified, 305
rouleaux, 316, 326

sag control agents, 364
sagging, 357
Saito formula, 85
SANS. See small angle neutron scattering
SAXS. See small angle x-ray scattering
scattering
wide angle X-ray diffraction, 302
screened Coulomb potential, 46, 89
second virial coefficient, 24, 209
sedimentation, 389
coatings, 359
self diffusion, 54, 91-100, 244
shape, 131
shear banding, 180, 189, 203, 369
glass, 189
soft particles, 261
shear localization
glass, 189
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shear melting, 107, 111, 163
shear thickening, 4, 180, 372
shear thinning, 4
shear wave, 50
short-time moments, 68
simulation methods
key factors, 122
slow dynamics, 105, 215, 262
sludges, 390
slump test, 391
slumping, 357
small angle light scattering, 156
small angle neutron scattering, 156
hard spheres, 161
small angle x-ray scattering, 156
Smoluchowski equation, 160
Smoluchowski operator, 87, 97, 105
Smoothed Dissipative Particle Dynamics,
135
Smoothed Particle Hydrodynamics, 134
Smoothed Profile Method, 134
soft anisotropic colloids, 236
Soft Glassy Rheology, 184, 256
softness, 227
soft-particle rheology
flow, 251-259
plateau modulus, 248
shear thinning, 254
viscoelasticiy, 247
yielding, 251-254
zero-shear viscosity, 244
solids diffusivity, 395
solvent, 271
solvent quality, 239
temperature effects, 249, 271
solvent-permeable spheres, 85
sound velocity, 52
spherical harmonics, 161
spinodal decomposition, 175, 193
spraying, 361
stabilization
electrostatic, 174
steric, 174
star polymers, 89, 235
melt state, 237
multiarm, 237
state diagram, See also phase diagram
soft colloid polymer mixtures, 270
soft colloids, 242
soft—soft colloidal mixtures, 273
stochastic force, 46, 62, 155
Stochastic Rotation Dynamics, 141
Stokes’ law, 6
Stokes—Einstein—Sutherland diffusion coefficient, 6,
245
Stokesian Dynamics, 128, 140
Stokesian Dynamics simulation, 161, 168

Stokesian particle methods, 128-131
strain localization, 260
strain recovery, 185
Stratonovich convention, 69
stress, 36
Brownian, 6, 75
hydrodynamic, 75
stress overshoot, 183, 201
double, 201
stress tensor, 47
hydrodynamic, 75, 164
microscopic, 46, 88
suspension, 46, 72
stress-SANS rule, 164
stresslet, 74, 156
structural parameter, 31, 371
structural relaxation, 95, 102, 105
structure, See also microstructure
dynamics, 44
shear-induced, 204
structure factor, 156
equilibrium, 157
static, 47, 96
super-plasticizers, 388
syneresis, 369

Taylor dispersion, 67, 110
telechelics, 365
temperature
reduced, 192
temperature effects, 177, 207-209,
215-216
thermoreversible gelation, 250
thickeners, 364
equipment, 392
thickening, 389
thixotropy, 28-33, 190, 251, 370
ideal, 31
modeling, 30
time-temperature superposition, 377
transients, 182—-186
transition
from in-cage to out-of-cage, 181
glass-gel, 174
liquid-crystal, 173
liquid-gel, 176
re-entrant, 174, 178
Trouton ratio, 37

UD-LAOS, 339

van Hove function, 65
vesicles, 233
viscosity
complex, 38
elongational, 366
high frequency, 12
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reduced, 214 yield strain
zero frequency, 77, 90, 93, glass, 187
244 yield stress, 4, 37,212, 231, 251, 364, 390, See also
vitrification, 212 soft-particle rheology
compressive, 397
waiting time, 263 compressive versus shear, 394
wall slip, 180, 203 dynamic, 179
glass, 189 glass, 187
soft particles, 260 static, 179, 183
waterborne coatings, 364 strain rate dependence, 391
weak coupling limit, 46, 89 yielding, 256
Weissenberg number, 214 delayed, 206
Weissenberg—Zimm number, 254 repulsive glass, 256
wet edge time, 359 soft particles, 251
whey proteins, 292 two-step, 201-202, 253
white blood cells, 316 yogurt, 293
wide angle x-ray scattering, 159
Williams Landel Ferry, 377 Zwanzig-Mountain relation, 182
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