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Index

a
acrylic resins 51, 52
addition polymer 36
additives

approach 372
catalytically active 12
special effect 128–130
types of 109–110

adherence
coating

adhesion testing 338
Cu and ABS 340
diffusion interactions 335
electrostatic interaction 335, 336
epoxy-amine coatings 341
liquid coating 335
mechanical interlocking 335
peel test 339, 340
PP-EPDM rubber 338
silane adhesion promotors 336

practical tests 341–343
thermodynamic considerations

JKR test 320, 321
measurements methods 319
PDMS 322, 323
PE particles 323, 324
surface energies 320

thermomechanical considerations
bimaterial systems 331–335
bonding process 335
chemical composition of material

326
compliance factor 326
component materials 332

critical stress intensity
factor/fracture toughness 327

edge effects 325
energy release rate 332
force approach 326
fracture energy 330
Griffith approach 330
local bond breaking model 329
monolithic materials 324
plane stress loading 325
small-scale yielding 327
specific fracture energy 326
stress intensity 328, 332
surface cracks 333
temperature-time equivalence

334
von Mises yield criterion 329

adhesion promoters 109, 116,
118–120, 335, 337, 507

aesthetics 1, 2, 4, 6, 8, 15, 120, 326,
371, 372, 491

air entrapment 338, 372
airless spray gun 137
Alexander–Orbach conjecture 435
amorphous polymer

end-to-end distance 27
equivalent chain 29
freely jointed chain model 28
freely rotating chain model 28
PMMA 26

amorphous SiO2 120
amphiphilic approach

comblike block copolymers 470, 471
DRCA measurements 472
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amphiphilic approach (contd.)
ethoxylated fluoroalkyl side chains

471
hydrophobic and hydrophilic domains

469
hydrophobic methylated silica surface

(HMS) 469, 470
amphoteric surfactants 117
analysis of variance (ANOVA) 394
angular frequency 223, 229, 293, 362
anionic surfactants 117
annulus 253
anodic deposition 147
antibiofouling behavior 533
anticorrosion coatings 505, 536
antifoaming agents 109, 116–118, 199
antimony-doped tin oxide (ATO) 430,

431
anti-sagging agents 76
antiskinning agents 109, 128
antistatic coatings 399, 434
architectural paints 73
Arrhenius-type behavior 282
associative thickeners (ATs) 112, 364,

365
asymmetric Bruggeman equation 428
atactic polymer 21, 23, 26
atomic force acoustic microscopy

(AFAM) 263
atomic force microscopy (AFM) 262
attenuated total reflection (ATR)

technique 225
automotive coatings 502

build-up 150
electrodeposition 150
marine coatings 265

autonomous/induced self-repair 483
autoxidative drying 57, 58, 63, 64, 66,

91, 93
auxochromes 133
Avogadro’s number 43, 157
azobisisobutyronitrile (AIBN) 39

b
backscattering imaging 259
Baier curve 449–451

ball-drop test 341, 342
Bancroft’s rule 199
band gap 132, 403–405, 411–413, 415,

416
base coat 6, 8, 147, 149–151, 153, 284,

285, 502
basic coating formulations

coating compositions 71
chemistries of, high-solid

formulations 85
high-solid formulations 80
solventborne formulations 72–85

Bénard cell effects 120, 121
β-hydroxyalkylamides 81, 82, 103, 104
Bethe lattice 424
Bezold–Brücke effect 382
Binders 1, 2, 5–8, 10, 12, 13, 15, 50, 53,

57, 71, 72, 76, 104, 109, 112, 115,
117, 120, 132, 133, 144, 145, 151,
196, 352, 362, 364, 377, 385–387,
400, 401, 446, 447, 485–488

bio-based monomers 60, 62, 63, 534,
535

bio-composites 1
biofouling process

attachment of biofoulants 448
detachment of biofoulants 448, 449
phases 448
prevention of attachment strategy

451
Bingham model 350
birefringent 255, 256
bis-furyl-acetone (BFA) 62
bisphenol-A (BPA) 49, 50, 76
bisphenol-A diglycidyl ether (DGEBPA)

49, 50
bisphenol-A (BPA)-epoxy resins 76, 92
Bloch

equations 231
theorem 408

BoltornTM 80
Boltzmann

constant 156, 380
distribution 228
factor 28, 205, 417
ratio 229
superposition principle 286
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Burgers model 291
creep and relaxation function 291,

292
general series-parallel model 292

bond percolation 423–425
Born repulsion 159, 164, 194
branching index 34–36
Brownian motion 89, 202, 354, 356
Brunauer, Emmett and Teller (BET)

279
Brundtland Report 534
brush marks 135, 136, 372, 376, 377
bubble viscometer 351
buckyballs 431, 433
Burgers model 288, 290, 291

c
cage reactions 38
capillary (or Ostwald) viscometer 350,

424
carbon allotropes 434, 436
carbon black (CB) 9, 24, 132, 399, 403,

431, 436, 437, 454, 536
carbon nanotubes (CNTs) 132, 248,

278, 399, 431, 433, 454
networks 438

Cassie–Baxter (or fakir) state 190, 191
Casson equation 350, 356
catalytically active additives

dryers 122–123
other catalysts 123–125

cathodic deposition 149, 150
cationic surfactants 117
Cauchy plot 165
cavitation 136
CB–polymer composites 434–436
chain-growth polymerization 38
chain motion

primitive path 306
reptation regime 305
Rouse regime 304
shear thinning 304
zero-shear viscosity 303, 305

chain stopper 31
charge-transfer (CT) 11, 102, 147, 187,

335, 387, 399, 402, 403, 415–417
chemical aging 298, 308

chemical drying 83, 352
chemical isomerism 21
chi (or Flory) parameter 170
chroma 381, 383, 384, 388, 390–392
chromophores 10, 133
CIELCH system 384, 388, 391, 392
CIE 1931 (XYZ) system 383
CIE94 tolerancing system 392
clear coat 8, 147, 151, 226, 253, 491,

503, 522, 536
CMC 1988 tolerancing system 391
coagulation kinetics

hindered coagulation
HLB system 207
W/O and O/W emulsions 204,

206
unhindered coagulation

diffusion limited coagulation 202,
203

droplet radius 203, 204
coalescing agents 12, 109, 120–121
coating compositions 71–72, 75
coating materials 97, 109, 128, 139,

142, 150, 221, 225, 273, 336, 347,
362, 363, 374, 481, 524, 535, 536

co-dispersed crosslinkers 93
colloidal stability 194–196, 198, 363,

390, 434
color addition and subtraction

CIELAB system 388, 389
colored pigments 390
reflectance measurement 390
tri-chromatic systems 387

color characterization
addition and subtraction systems

387–391
color perception 382
color quantification 383
color sensing 381
color tolerancing 391–393
electromagnetic spectrum 379
filtering 387
light sources 380, 381
reflection and transmission 385, 386
refractive index 386
scattering 384, 387

color flop 392
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color perception 3, 379, 382
color temperature (CT) 379, 380
color tolerancing

effect coatings 392
CIELCH system 391, 392
UV radiation 392

complex viscosity 293, 296, 348
components-of-surface-tension

approach 450
compressed air spray gun 136
condensation polymer 19
conduction band 403, 404, 409–411,

413, 414, 416
conductive atomic force microscopy

(CAFM) 263
confocal scanning microscopy

254–255
conjugation length 415
consistency index 349
contact angle hysteresis (CAH) 191,

460
contact leaching 447
contrast effect 380, 382
controlled depletion paints (CDPs)

447
conventional deposition techniques

brushing and rolling 135
spraying 137

conventional thickeners (CT) 364
cooperative processes 301–303
correlated hindered rotation model

28
Couette viscometers 351
Coulomb interactions 156, 435,

436
coupling agents 336, 340, 341, 374,

430
Cox–Merz rule 348
cratering 119, 136, 338, 372, 378
craters 378
critical coagulation concentration

(CCC) 194
critical micelle concentration (CMC)

87, 197, 209
critical pigment volume concentration

(CPVC) 9, 387
cross-hatch test 342

crosslinkers 6–8, 41, 42, 49, 54, 77,
90–93, 103, 104, 121, 123, 127,
144, 145, 151, 236, 455, 461, 462,
488, 489, 509–511, 534

crosslinking index 42
Cross model 349
cross-polarization (CP) 233
Crowther criterion 257–258
crystallinity 23–26, 29, 222, 247, 248,

283, 306–308, 421, 422
curtain coating 137

d
deagglomeration 132, 133
deblocking temperature 74
Debye–Hückel model 156, 162, 408,

411
Debye (or induction) interaction 157
defects

APTES molecules 374
brushing 376, 377
coating material 374, 375
dewetting 373
good wetting 372
HS coatings 378
nonadditives and additives approach

372
organic pigments 374
production/application method 371
protective quality of coating,

deterioration 371
surface tension 377, 378

degree of branching (DB) 80
degree of polymerization (DP) 31, 170,

509
Della Volpe parametrization 188
deposition efficiency 136, 137
Derjaguin approximation 162,

166–167
Derjaguin–Landau–Verwey–Overbeek

(DLVO) theory 90, 194, 195,
450

Derjaguin, Muller and Toporov (DMT)
322

detachment, of biofoulants strategy
adhesion strength 451
mechanical properties 452
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polymers, physical properties 452,
453

structural properties 451, 452
dewetting 182, 190, 336, 371–374
DiBenedetto equation 275
dibenzoyl peroxide (BPO) 38
dicumene peroxide (Dicup) 38
Diels–Alder (DA) reactions 499
differential interference contrast (DIC)

252
differential scanning calorimetry (DSC)

experiment
conversion measurements 275
endothermic response 275
conversion measurements 276
heating rates 273
MDSC 276
samples and temperature sensors

274
setup 273, 274
Tg measurements 275

differential viscometry (DV) 84
differential viscosity 348
diffuse coarseness (DC) 392
diffuse reflection 3, 384–387
diffusion limited coagulation (DLC)

202
Digital Equipment Corporation 537
diisopropanolamine (DIPA) 81
dimethylaminoethanol (DMEA) 91
dimethylbenzylamine (BDMA) 48
dimethylolpropionic acid (DMPA) 79
dioctyl phthalate (DOP) 73
dip-coating 7, 138, 141–142
dispersants 71, 117, 284
dispersions

CCC 194
depletion flocculation 195
electrostatic stabilization 194
lyophilic and lyophobic colloids

193
steric stabilization 194

dispersity 21, 32, 81, 83, 131, 221, 241,
242, 244, 283, 309, 355

dissipative particle dynamics (DPD)
510

doctor blade coating 138–139

doctor blade technology 138
Doolittle equation 299
doping

charge conjugate invariant 413
conductivity for t-PAc 414, 415
conjugated polymers 415
electron-electron interaction 415
t-PAc for solitons and polarons

414
dryers 6, 12, 15, 109, 122–123, 125,

128, 352, 362
drying oils 47, 58, 63–66, 77, 78
Dundurs parameter 331, 333
Du Noüy ring technique 177
Durand–Bruneau

propagation-expectation theory
34

dynamic mechanical (thermal) analysis
(DMTA) 144

constitutive behavior 307
crosslink number density 309
elastic and viscous response 308,

309
fracture of specimen 310
measurement 311
noncrosslinked systems 309
primary transition 311, 312
slippage in clamps 310, 311

dynamic recovery contact angle (DRCA)
method 192, 514
measurements 472

dynamic Wilhelmy method 183

e
effect coatings 12, 131, 132, 347,

392
effective (or equivalent) alkane carbon

number (EACN) 201
effective chain length (ECL) 200,

201
effective medium theory (EMT)

428–430
efflux cup viscometers 351
Einstein’s law 361
elastically active chains (EANs) 75
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elastically active knots (EAK) 41, 43
elastically active network (EAN) 41, 53
electrical impedance spectroscopy (EIS)

402
electrically conductive coatings

carbon-black coating 402, 403
composite coating 402
corrosion protection 400
electrode configuration 401
electrode materials 402
energy harvesting 400
frequency aspect 402
graphene-printed electronics 400
intrinsically conductive polymers

403
MWCNTs 399

electrical networks modeling (ENM)
431

electrochemical impedance
spectroscopy (EIS) 506

electrocoat 147
electrodeposition (ED) 147–150
electromagnetic radiation 380
electronic transitions 11, 387
electron microscopy

electromagnetic and/or electrostatic
lenses 256

sample preparation
cryofixation 261, 262
sectioning 261
sputter coating 261
staining 261
vacuum and/or electron irradiation

260
SEM 259
STEM 260
TEM 256

electrostatic force microscopy (EFM)
264

empirical hardness tests 317
emulsions

coagulation 197
coalescence 198
HLB Concept 198
micro-emulsions 197
mini-emulsions 197
normal (or macro-) 197

oil-in-water (O/W) 196, 197
polymerization 436
surfactants variety 198
water-in-oil (W/O) 196, 197

energy dispersive spectrometry (EDS)
259

entropic stabilization 90
environmental scanning electron

microscope (ESEM) 261
epichlorohydrin (ECH) 48, 49
epoxidized linseed oil (ELO) 144
epoxy group 47, 49, 92, 236
epoxy resin 47, 49, 50, 76, 92, 100, 103,

151, 456, 495, 500
epoxy systems 47–51
equation of state (EoS) approach 158,

189
Erichsen test 342
Ethernet 537
Euler’s theorem 174
European automotive topcoats 503
exfoliation 283, 284, 431, 432, 437
experimental–simulation approach

481, 508, 509, 521
extenders 9, 55, 226
extent of reaction 31, 33, 42
extrusion stability 146
Eyring’s activated complex theory 355

f
fast Fourier Transform (FFT) algorithm

225
fatty acid process 67
feel or haptic property

leather and textile coatings 393
perceptual dimensions 394
QDA, haptic coatings 394–397

Fermi level 404, 409, 411, 417
Fick’s first law 202
finite element modeling (FEM) 431
floating 375, 378
flocculation 133, 169, 195, 198, 375
flooding 374, 375
Flory–Huggins theory 170, 209, 228,

510
Flory–Stockmayer theory 34
Flory temperature 27
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Flory theorem 27
flow control agents (FCAs) 378
fluids viscosity 353
fluorescence microscopy 254
fluorescent pigments 11
fluorinated films 213, 240
fluorinated PMMA 212
fluorine-based materials

fluoropolymers 458
PFPE polymers 460
poly(perfluoro(meth)acrylates) 458,

459
PTFE particulates 458
UV photo-curing process 460

fluorine-silicon based materials
AF coatings 461
amine moieties 462
amphiphilic copolymers 462

fluorochrome 254
fovea centralis 381
Fowkes theory 450
Fox equation 30, 51, 275, 366
Fox–Loshaek equation 30
freely jointed chain model 27
freely rotating chain model 28
Fresnel expressions 385
fringed micelle model 25
fullerenes 433
functional coatings 1, 3, 4, 482, 483,

491, 504, 521
functional group analysis

acid functional polyester 239
ASTM methods 236, 238
crosslinking 236

functionality distribution 52

g
gauche conformations 22, 24
generalized Newtonian (GN) behavior

349
general metal coatings 73
general series–parallel model 292
Gibbs adsorption equation 174, 175
Gibbs energy 158, 160, 162, 170, 173,

174, 182, 196, 210, 300
Girifalco–Good theory 450
glasses 29, 181, 294, 297

glass transition temperature (Tg) 21,
29, 30, 49, 59, 274, 297, 298, 366,
368, 421, 453, 490, 495, 503

glint impression (GI) 392
glyceride-oil process 67
good wetting 372, 373
Gordon–Dusek approach 34
Gordon–Taylor equation 275
Gouy–Chapman model 160, 209
gradient-at-right-angles-to-field

(GARfield) approach 284
Grahame equation 163
grazing angle Fourier-transform

infrared spectroscopy
(GA-FTIR) spectra 226

Green anti-fouling approaches
biocide-release and

non-biocide-release based AF
coatings 447, 448

coatings technology 445
contact leaching 447
insoluble/soluble matrix coatings

447
iron ships 445
petroleum-based resins 446
tributyltin (TBT) moieties 446

Griffith analysis 327

h
Hamaker constant 163, 164, 179, 195
Hamaker–Israelachvili model 179
hardness

Berkovich test 313, 314
blunt and sharp indenters 312
Brinell test 314
Knoop test 313
microhardness test 313
Vickers test 312, 313

hazardous air pollutants (HAPs) 13
Hazen scale 392
heat distortion temperature (HDT) 74
Helmholtz energy 27, 158, 170, 173,

174, 178, 182, 184–189, 319, 322,
324, 325

Henry’s law 281
Herman orientation factor 248
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Herschel–Bulkley model 350
Hertzian contact theory 264
hexamethylene diisocyanate (HDI)

123
high-density polyethylene (HDPE) 307
highest occupied molecular orbital

(HOMO) 403
high solids (HS) coatings 6, 72, 75, 76,

90, 137, 377, 378
high-solid solventborne 5, 71
high volume low pressure air gun 137
hopping

charge transport mechanism 416
localization length 417
mobility gap 416, 417
quasi-band structure 417
variable range hopping 418

Hückel approximations 408, 411
hue 132, 381, 383, 384, 388, 391
Huggins constant 359
hydrophilic-lipophilic balance (HLB)

concept
Davies’ HLB values 200, 202
group contributions 199, 201
for sodium oleate and Span 60 200
surfactants 198, 199

hydrophobically end-capped urethane
(HEUR) 364

hydrophobically modified
alkali-swellable emulsions
(HASE) 115

hydrophobically modified ethoxylated
urethanes (HEUR) 115

hydrophobically modified hydroxyethyl
cellulose (HMHEC) ethers 115

hydrophobic interactions 167, 495
hyperbranched (HB) polymers 77–79,

82, 83
hysteresis loop 350

i
independent hindered rotation model

28
indium-doped tin oxide (ITO) 431
industrial paints 73, 95
inelastic mean free path (IMFP) 239
infinite shear rate viscosity 348

infra-red (IR) and Raman spectroscopy
ATR FT-IR result 225
GA-FTIR mapping 226, 227
microscopy 226
normal coordinates 222–224
PMMA and SAN 226
polyolefinic substrate 226
TERS 226
transmission measurement 224, 225
vibrational spectroscopy 223

inorganic pigments 9–11, 387
inorganic thickeners 110–112
interactive chain ends 523–524
interface energy 173, 174, 182, 186,

324
interfacial aspects

estimating surface Helmholtz energy
184–189

representative behavior 178–181
surface thermodynamics 173–178
wetting of ideal surfaces 181–184
wetting of real surfaces 189–193

intermolecular interactions
Born repulsion 159
Coulomb (or charge-charge)

interaction 156
Debye (or induction) interaction

157
dipole moment 157
Keesom (or orientation) interaction

157
London (or dispersion) interaction

158
relative permittivity 156
Van der Waals interactions 158, 159

internal stress analysis
assumptions 318
film formation 317
stress measurements 318
surface wrinkling 319
tensile stress 319

intrinsically conductive polymers
conduction mechanism 404
conductivity theory 406, 407
doping 413, 416
hopping 416, 418
monomers 405
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semi-conductors and insulators 404
simple band theory 407, 413
trans-polyacetylene (t-PAc) 404
valence band 403

intrinsic viscosity 27, 84, 85, 241, 352,
354, 357, 359

iodine number (IN) 63
IR absorption 224, 538
isocyanates 7, 37, 47, 53–57, 74, 75, 92,

103, 104, 125, 150, 236, 240, 456,
499, 533

isophorone diisocyanate (IPDI) 100,
123

isotactic polymer 21

j
Johnson–Kendall–Roberts (JKR) test

321

k
Keesom (or orientation) interaction

157
Kelvin model 289–291, 294, 295
ketone process 92, 93
kinematic viscosity 348
Kirkwood–Riseman theory 360
Köhler illumination 252, 257
König/Persoz test 317
Kramers–Kronig transform 165
Krieger–Dougherty relation 355, 356,

358
Kuhn length 29, 168, 169
Kuhn model 415

l
laboratory and industrial methods

dip coating 141
doctor blade coating 138, 139
spin coating 140

Laccifer Lacca 58
lamellae 25, 26, 213, 419, 421
Landau–Levich equation 141
Langmuir adsorption isotherm 175
Laplace pressure 178
Laplace transforms 290, 292
large polaron 407
Larmor frequency 231

latex technology 436, 437
Legrand–Gaines relation 181
Lennard–Jones potential 159, 181
leveling agents 121, 122
Lewyt vacuum company 537
life cycle analysis (LCA) 60
Lifshitz–van der Waals theory

acid–base interactions model 165
dielectric response 165
Hamaker expression 164

light emitting diodes (LEDs) 7, 380
light sources 380
light stabilizers 12, 109, 128
liquid crystal displays (LCDs) 59
linear elastic fracture mechanics

(LEFM) 327
local processes 301
London (or dispersion) interaction 158
loss modulus 293, 295, 310
low-density polyethylene (LDPE) 307
low dose electron diffraction (LDED)

patterns 421
low energy ion scattering (LEIS) 239,

240
lower critical solution temperature

(LCST) 170
lowest unoccupied molecular orbital

(LUMO) 403
low volume low pressure air gun 137
lyophilic colloids 193
lyophobic colloids 193

m
macrofouling 443, 444
macula 381
magic angle spinning (MAS) 233
Marangoni flow 198, 377
marine anti-fouling coatings

AF coatings 445, 446
amphiphilic approach 469–472
coatings technology 445
detachment of biofoulants 448,

451
insoluble matrix coatings 447
marine biofouling 443, 445
non-toxic, non-biocide-release based

approaches 451–469
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marine anti-fouling coatings (contd.)
soluble matrix coatings 447
topographic approach 472–475

marine biofouling
conditioning film formation of 443
definition 443
frictional resistance 445
macrofouling 444
microfouling 444
phases 444

Mark–Houwink plot 85
Maron–Pierce relationship 358
Martin equation 359
mass spectrometry (MS) 222, 241
matrix-assisted laser

desorption/ionization (MALDI)
mass spectrometry (MS)

conventional ionization methods
242

mixture of matrix/analyte 243
polycarbonate 244
polydisperse polymers 244
pulsed laser 243
TOFMS techniques 243

Maxwell equations 157
Maxwell Garnett model 428
Maxwell model 288–290, 294, 295, 303
Maxwell stress 161
mechanical constitutive behavior

Boltzmann superposition principle
291, 292

Burgers model 290
dynamic response 293–296
free volume 297–300
Kelvin model 289, 290
material response 287
Maxwell model 288, 289
plasticity and viscoelasticity 285
stress–strain curve 285
time-dependent response 286, 287
time–temperature equivalence

296–297
mesoscopic (or surface) forces 155
mesoscopic interactions

double layer repulsion 162, 163
electrostatic interaction 159
Gouy–Chapman model 160

hydration forces 167
hydrophobic interactions 167
polymers 169
solvation forces 167
steric interactions 168
surfaces approach 161
van der Waals interaction expressions

163, 164
mesoscopic simulations 536
metallic lacquers 12
metamerism 390
Meter model 349
methyl ethyl ketoxime (MEKO) 128
microfouling 443, 444
microtopographies 472
Mie scattering theory 386
Miller–Macosko approach 34
minimum film formation temperature

(MFFT) 87
mixing rheometer 351
modulated differential scanning

calorimetry (MDSC) 276, 277
molar mass 21, 30, 33, 78, 84, 85, 168,

176, 222, 241, 242, 244, 303–305,
309, 353, 359–362, 364, 366, 368

molecular simulations 508, 536
molecular weight distribution (MWD)

77
monomers 19–22, 26, 27, 30, 31, 33,

34, 36–40, 51–55, 57, 58, 60–63,
65, 67, 77, 79–82, 87, 90–93, 99,
100, 169, 192, 208, 406, 460, 487,
493, 534, 535

Monte Carlo algorithm 431
multi-walled carbon nanotubes

(MWCNTs) 399, 436, 454

n
nanoclays 112
nano-indentation

coating thickness 315
force-displacement curve 314
indentation process 315

network formation assessment 151
Newtonian flow 138, 139, 376
Newtonian fluid 139, 293, 348, 350,

351, 374
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nonadditives approach 372, 378
nonideal network 42, 43
nonionic surfactants 117, 199–201,

252
nonmetallic coatings 266
nuclear magnetic resonance (NMR)

techniques
13C NMR spectrum 233, 235
CP MAS techniques 233
1H NMR spectrum 231
Lorentz expression 231
magnetic field (or Zeeman) effect

230, 231
multidimensional NMR and NMR

imaging 233
RF electromagnetic field 227
silica particles 236
spin configuration 228, 229

nuclear-powered vacuum cleaners 537
number average functionality f n 36

o
Ohmic drop 403
oil-in-water (O/W) emulsions 67, 85,

196, 197
oligomer 19, 30, 33, 49, 51, 89, 93, 99,

100, 104, 106, 244, 366–368, 417,
509, 523

opponent-colors theory 380, 384
optical microscopy (OM)

compound microscopes 250
confocal scanning microscopy

254–255
cross-sections, optical micrographs

252, 253
fluorescence microscopy 254
Köhler illumination 252
numerical aperture (NA) 250
phase contrast microscopy 253
polarized light microscopy 255, 256
spherical aberration 252

optical photovoltaic (OPV) 139
orange peel effects 120, 121, 144, 145,

336, 371, 377, 378
organic thickeners 109, 112–116
organoclays 110, 283
organo-psycho syndrome (OPS) 13, 72

organosol 73
oscillatory test method 352
van Oss–Good–Chaudry theory 450
Ostwald ripening 193, 198
oxidative drying 122, 124

p
paints, see also waterborne paints

architectural paints 73
controlled depletion paints (CDPs)

447
industrial paints 73, 95
powder coatings 362, 363
viscosity during curing

temperature-time-transformation
(TTT) 367

glass transition temperature 366,
367

waterborne paints, thickening in
363, 366

para-toluene sulphonic acid (p-TSA)
123

particulates 133
PDMS-grafted-(polystyrene-block-

poly(maleic-anhydride) (PSMA)
513

peel test 320, 334, 338–340
PEG-based materials

hydration layer 463, 464
immobilization of 464
protein adsorption and cell adhesion

463, 465
protein attachment resistance 464
surface chain density 464

pencil test 317
pendant drop technique 178
percolation theory

bond percolation 424
characteristics 424
finite 3D systems 427
geometrical phase transition 423
particle size distribution 427,

428
renormalization 425, 426
site percolation 423

percolation threshold 400, 423–428,
430, 431, 436, 438
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percolation threshold modeling (PTM)
431

perfluoropolyethers (PFPEs) polymers
458, 460

permeability–diffusivity–solubility
(PDS) experiments

equilibrium sorption isotherms
279–281

GARfield approach 284
for gases in rubber 282
gas separation and packaging 283
organoclay reinforced polymers 283
PALS measurements 284
polymer degradation 278
solute scavengers 283
structural attributes 283
time lag method 281

phase contrast microscopy 253–254
phosphorescence 254
photo-curing (UV-LED or even

day-light curing) 97, 475
photoinitiators (PI) 12, 96–98, 109,

500
phthalocyanines 9, 133, 433
P3HT/PCBM photovoltaics

characteristics 419–421
cryo-electron tomography 419, 423
LDED pattern 422
organic electronics 418
structure evolution 421

physical aging 298, 494
physical crosslinks 23
physical drying 7, 66, 83, 95, 253, 352
pickering stabilization 112
pigment properties 9
pigment volume concentration (PVC)

9, 112, 283, 387
Planck’s constant 228, 380
plastisol 73
platinum/cobalt (Pt/Co) scale 392
Poisson–Boltzmann equation 156,

159, 160, 162
Poisson’s ratio 318, 327, 331
polarized light microscopy 255, 256
polaron 407, 408, 414, 416, 417

poly(methyl methacrylate) (PMMA)
20, 26, 29, 140, 212, 226, 228, 242,
311, 312, 431, 432, 492, 496–498

poly(N-vinyl-2-pyrrolidone) (PVP)
144

poly(styrene-co-acrylonitrile) (SAN)
227, 340, 508

poly(tetrafluoroethylene) (PTFE) 22,
52, 166, 185, 320, 452, 458, 462

polybutyl terephthalate (PBT) 277, 278
polycaprolactam (PCL) 117
polyethylene glycol) (PEG) chains 364,

463
polycyclohexyl methacrylate (PCHMA)

301
polyester–polyurethane coatings 536
polyesters 7, 21, 26, 36, 37, 47, 55–57,

59, 61, 62, 65–67, 74, 76, 78–80,
82, 86, 89–91, 99–104, 126, 144,
150, 226, 238, 239, 320, 337, 362,
363, 465, 496–498, 509–511, 513,
536

polyethylene (PE) 20, 29, 117, 166, 185,
233, 306, 307, 323, 359, 364, 401

polyisobutylene (PIB) 172, 301, 303
polymer

chain-grown 19
crystallinity 24
entanglements 23
hydrogen bonds 19
polymer conformation 22, 23
rheological behavior 361
step-grown 19

polymer coating 1
additives 12
binders and crosslinkers 6
coating formulation 5
issues 533
pigment and filters 12
requirements 14
solvents

transient 12
two stage process 13

weather factor 4
polymer formation

branched polymer, preparation 36,
37
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branching and gelation 35
chain-growth polymerization 38
step-growth polymerization 32

polymer network 24, 41–45, 263, 278,
309, 455, 486, 490, 493–495,
498, 500, 502, 508, 514, 517, 521,
523

polymer solubility
bonding effects 171
Flory–Huggins theory 170
phase separation 170
regular solution theory 171

poly(ethyleneglycol)monomethylether
91

polymorphism 24
polypropylene (PP) 20, 29, 226, 227,

436
polystyrene (PS) 20, 29, 166, 172, 175,

185, 242, 301–304, 320, 360, 386,
436, 462, 470, 471, 508

polytetrafluoroethylene (PTFE) 22, 52,
166, 185, 320, 462

polyurethane (PU) 7, 26, 37, 54–56,
63, 76, 82, 89, 90, 92–94, 99–101,
122, 123, 128, 193, 284, 503, 504,
508, 509, 512, 521, 533, 535,
536

polyurethane resins (PUR) 92, 503,
533

polyurethane–urea dispersion 93
polyvinylchloride (PVC) 9, 10, 20, 29,

73, 87, 112, 179, 337
polyvinylidenedifluoride (PVDF) 52,

53
poly vinyl pyrrolidone (PVP) 117
positron annihilation lifetime

spectroscopy (PALS)
measurements 284

powder coatings 72
DMA 144
pigments 363
thickeners 362
viscosity behavior 362, 363
VOC 142

power law model 349
preemptive healing

damage

on coatings 483
micro–meso–macro hierarchy

484, 485
organic materials 483
recovery 485
reversible and irreversible effects

485
stresses, internal/external 485

functional coatings 482
reversible and irreversible effects

485
prepolymer mixing process 93, 94
prevention of attachment strategy

acidic polysaccharides 467, 468
arginine residues 468
nonionic kosmotropes 467
PEG-based materials 463, 465
PEGylated polymers 466
polyglycerol dendroids 468, 469
PSBMA 467, 468
self-assembled monolayers 465,

466
TMAO forms 468

primary dispersions 85–87, 101
primary electroviscous effect 354
primer 7, 8, 10, 50, 146, 147, 150, 226,

253, 446, 454
primer-surfacer layer 147, 150
primid 103, 104
primitive path 306
principal components (PC) 372, 395,

396
pseudoplastic 111, 112, 349, 363
p-toluenesulfonic acid (PTSA) 100
PUR-oligomer emulsion 93

q
quantitative descriptive analysis (QDA)

measured attributes 397
PC analysis 395
sensory attributes 394
variability 395

r
radiation curing formulations

chemistries of 102
dark reactions 96
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radiation curing formulations (contd.)
photo-initiators (PI) 98
powder coating formulations,

chemistries 105
pros and cons 105

radio frequency (RF)
electromagnetic field 227
identification (ID) tags 400

radius of gyration (Rg) 29, 85, 168,
169, 195, 241, 359, 464

Rayleigh regime 387
reactive diluents 12, 53, 72, 77, 78, 83,

90, 99, 100, 102
reflexions 245–247
regular fold model 25
rejuvenated state 274
relative humidity (RH) 287, 485
relative viscosity 352, 353
γ-relaxation process 301
relaxation time distribution 294
renewable raw materials

agro-or bio based 57
alkyds 67
bio-based monomer 60
drying oils 63

reptation theory 361
residual network reactivity 522–523
retardation effect 158
retina 380, 381, 383
reverse roll coating 139
rheological aspects

application coatings 347
automotive coatings 347
characterization 348, 352
dissolvable polymers 359, 362
hydrodynamic interactions 352,

359
rheology modifiers 76, 352
Rhus Vernicifera 57
ring-opening metathesis polymerization

(ROMP) catalyst 487
ring-opening polymerization (ROP)

38, 81, 222, 509
roll coating 139
Röll equation 318
rotating disk rheometer 351

s
sagging 12, 13, 76, 115, 348, 362, 372,

375–378
scanning electrochemical microscopy

(SECM) 506
scanning electron microscopy (SEM)

secondary electron imaging 259
electron interactions 259

scanning vibrating electrode technique
(SVET) 506

Scherrer’s equation 247
Schrödinger equation 408
Schulz distribution 40
Schulze–Hardy rule 194
Schulz–Zimm distribution 32
scratch-healing polyurethane coatings

503, 504
screening/Debye length 156
secondary dispersions 85, 86, 88, 89,

102
secondary electroviscous effect 354
secondary ion mass spectrometry

(SIMS) 222, 239–241
self-assembled monolayers (SAMs)

adhesion process 465
ethylene glycol moieties 466

self-assembly process
SCF Computations 207
segregation 212
surfactant modelling

concentration of surfactants 210
hydrophilic surfactants 210
SF–SCF theory 209
Span 20 210, 211
Tween 20 and 80 211

self-consistent field (SCF) equations
polymers and polymer-mediated

interactions 207, 208
SF–SCF theory 209

self-healing approach 524
self-healing coatings

contradictions 482
deformation and recovery in networks

chain-end segregation models
492, 493

elastic deformation and cracking
490, 491
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healing process 491
molecular inter-diffusion 492
polymer coating 491
visco-elasto-plastic behavior 489
viscous flow and reflow 490

encapsulation of liquids
healing agents 488
microencapsulation approach

487, 488
solid/porous inorganic micro-and

nano-particles 489
extrinsic and intrinsic approach 486
functionalities 481
organic polymers 482
reversible covalent networks

association/dissociation
characteristics 498

azlactone and phenol 498, 499
Diels–Alder (DA) reactions 499
hybrid sol–gel intrinsic self-healing

polymer network 501, 502
imidazole and isocyanate 499
intrinsic self-healing mechanisms

496, 498
polymeric coatings 501
sulfur bonds 500
thiol-ene combination 500, 501

stress relaxation, in reversible
networks

donor-acceptor π-π stacking 498
equilibrium state of crosslinks

493
H-bonded crosslinks 495
internal and external stresses 494
ionomers 498
molecular interactions 495
polymeric networks 493
stress relaxation 495
supramolecular polymer networks

495
time scale of equilibrium crosslinks

494
self-polishing copolymers (SPC) 447
self-replenishing coatings

autonomous and intrinsic
surface-repairing concept 508

barrier and corrosion protection

anti-corrosion coating 505
electrochemical techniques 506,

508
inorganic nanoparticles 505
intrinsic healing concepts 506
liquid healing agents 505
quantitative and reliable

characterization techniques
506

concepts 536
dissipative particle dynamics (DPD)

510
experimental–simulation approach

509
fluorinated species 510, 512, 513
functionalities 504
low-adherence coatings 508
low surface energy films components

509, 511
PSMA phase 513
PVP–PEO polymer networks 521
self-replenishing efficiency (SRE)

510, 513
superhydrophobic coatings 509
surface functionalities 521, 522
surface-structured superhydrophobic

polymeric coatings
fluorine-beads 519
layer-by-layer method 516
polymeric coatings 517, 518
self-cleaning coatings 521
silica nanoparticles 516
surface-functionalities 515

time-response of surface
reorganization

DRCA method 514
polymer films 514

shear thinning 304, 349, 350, 358, 362,
364

shear viscosity 288, 348, 352, 356
Shuttleworth equation 177
silicone-based materials

detachment of biofoulants strategy
454

fillers 454
PDMS based coatings 453
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silicone-based materials (contd.)
poly(siloxane)-based coatings 453,

454
poly(siloxane)-oly(urethane) (PU)

coatings 455
poly(urea), epoxy and oxetane

segments 456, 457
self-replenishing principle 457
self-stratifying coatings 454, 455
UV and LED photopolymerization

technology 457
simple band theory

band structure for t-PAc 410, 411,
413

Fermi level 409
Hückel approximations 408, 411
tight-binding approximation 407

site percolation 424
size exclusion chromatography (SEC)

83
chromatographic separation

techniques 241
molar mass distribution 241
of polycarbonate 242
polymeric molecules 241

slippery liquid-infused porous surfaces
(SLIPS) 458

slow drying 421
small-angle neutron scattering (SANS)

27, 85
small polaron 407, 408
sodium dodecylbenzenesulfonate

(SDBS) 437
solvent-induced dewetting 373
solvent popping 372, 375
solvent/vapor treatment 421
spattering 136
specular reflection 384, 385, 391
spherulite 26
spin coating 138–142
spinel MgAl2 O4 180
spin–lattice relaxation time 229
spinodal dewetting 373
spray-coating 60, 136, 138
spraying

electrostatic spraying 137
hot spraying 137

multiple pass technique 137
single pass technique 137

static Wilhelmy (plate) technique 183
(Staudinger)–Mark–Houwink–

(Sakurada) equation 359
Stefan’s law 380
Step-growth polymerization 31–33
steric interactions 167, 168
steric stabilization 90, 194, 197
Stokes-Einstein equation 205
Stokes equation 138, 163
Stokes’ law 374
Stoney equation 318
storage modulus 293, 295, 310
stress–strain curve

hardness and flow behaviour 316
plasticity theory 317

styrene and butadiene (SBR) 24
superhydrophobicity 399, 473, 474,

537
superlocalization 435, 436
surface active agents

adhesion promoters 120
anti-foaming agents 117
wetting and dispersing agents 117

surface energy 52, 118, 132, 133, 138,
164, 173, 175–181, 184, 185, 189,
190, 192, 329, 330, 338, 378, 449,
450, 452–461, 463, 472, 481, 504,
505, 508–523

surface Helmholtz energy
critical surface tension 184
Della Volpe–Siboni parametrization

188
dispersion and polar interactions

185, 186
EoS approach 189
generalized matrix inversion method

187
liquids, data 185
STC approach 185
two-liquids method 187
vOGC method 187, 188

surface modifiers 12, 109, 120
surface probe microscopy (SPM)

atomic force acoustic microscopy
(AFAM) 263
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atomic force microscopy (AFM)
249, 262, 263

conductive atomic force microscopy
(CAFM) 263–265

surface stress 176–178, 320
surface tension components (STC)

approach 185
surface thermodynamics

Gibbs approach 173, 174
Langmuir adsorption isotherm 174,

175
surface tension 176–178

Su–Schrieffer–Heeger (SSH) model
412

symmetric Bruggeman (BS) equation
428, 429

syndiotactic polymer 21, 25

t
telechelic functionality 76
telegraphing 15, 95, 150, 338, 372, 378
temperature-time-transformation

(TTT) 367
terahertz radiation 266
tertiary electroviscous effect 354
tetra-propyleneglycol-diamine

(TPGDA) 49
thermal annealing 140, 421
thermal characterization

DSC 273
TGA 277

thermal dewetting 373
thermo-gravimetric analysis (TGA)

polybutyl terephthalate 277
thermogravimetric balance 277

thermogravimetric balance 277
thermoplastics 3, 6, 19, 41, 51, 72, 87,

88, 90, 489–491
thermoplasts 41, 236
thermoset resins

acrylates and acrylics 51–53
epoxy systems 50
isocyanates 53
petro-based 47
polyesters 56
polyurethane 55

theta conditions 27, 359, 360

thickeners 364
inorganic 112
organic 115

thixotropy 111, 350, 378
through-and-through cure 96
tight-binding approximation 407, 417
time-temperature equivalence principle

stress relaxation 297
superposition principle 287
time-dependent response 297
time/frequency range 296

tip-enhanced Raman spectroscopy
(TERS) 226

Titanium Dioxide Manufacturers
Association (TDMA) 535

topographic approach
HBFB–PEG surfaces 474
microtopographies 472
PDMS elastomers 473
settlement assays 473, 474
sphere adhesion 472
spore adhesion 472, 473
superhydrophobic coatings 473, 474
surface roughness 472

trans conformations 22
transesterification 67, 100, 103, 125,

127
translucent 385
transmission electron microscopy

(TEM)
cryomicroscopy 258
electron diffraction 257
electron pathways 256, 257
electron tomography 257
spherical and chromatic aberration

257
transparency 1, 3, 15, 59, 151, 533
trans-polyacetylene (t-PAc) 404, 405,

410, 413
trichromatic theory 379
tristimulus values 382, 384, 388
triglycidyl isocyanurate (TGIC) 103
trimellitic anhydride (TMA) 91
trimethylene carbonate (TMC) 222
trimethylolpropane (TMP) 65, 67, 80,

99, 222
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tris (dimethylaminomethyl) phenol
(DMP-30) 48

truncated power law model 349
two-liquids method 187
two-stage solvent evaporation process

13

u
ultrasonic gauging 265
undercoats 7, 12
upper critical solution temperature

(UCST) 170
urethanes (carbamates) 53

v
valence band 403, 404, 410, 413
van der Pauw method 402
van der Waals interactions 19, 117,

158, 180, 373
van Oss, Good and Chaudhury (vOGC)

method 187, 188
vinyl polymers 20, 21, 51
vinyl resins 51
viscoelasticity 29, 285, 286, 326, 330,

339, 350, 489, 490, 494
viscoplasticity 286
Voigt/Kelvin–Voigt model 289, 290
volatile organic components (VOCs)

5, 72, 142, 457
von Schmoluchowski theory 203, 204
vulcanization 24

w
waterborne formulations

chemistries of 93
challenges and applications of 95
heterogeneous systems 85
homogeneous systems 85
primary dispersions 87
secondary dispersions 88

waterborne paints
associative thickeners 364, 365
conventional thickeners 364
open time 366
viscosity behavior 364, 365

waterborne poly(urethane–urea)s
(wPUUs) 226

water-in-oil (W/O) emulsions 85, 196,
197

water phase thickeners 112
water-reducible systems 86
water-soluble systems 85, 86
wavelength dispersive spectrometry

(WDS) 259
weather factor 4
weathering 14, 15, 116, 147, 151, 225,

236, 485, 503, 525, 536
Wenzel state 190, 191
wetting

and dispersing agents 109, 116, 117
of ideal surfaces

contact angles 183
contact configurations 181
dynamic Wilhelmy experiment

183, 184
liquid surface 182, 183

of real surfaces
anisotropic surface wetting 192
DRCA method 192
fluorocarbon side chain orientation

191, 192
Wenzel state and Cassie–Baxter

state 190, 191
Wilhelmy plate technique 177
Williams–Landel–Ferry (WLF)

equation 297, 299
worm-like chain model 415
wraparound effect 137

x
X-ray diffraction (XRD)

anisotropy analysis 248, 249
direct methods 246
grazing angle 248
PE XRD pattern 247
s-PS XRD pattern 247

X-ray photoelectron spectroscopy (XPS)
239, 240

X-Trail model 503

y
Yasadu–Carreau model 349
yellowness index 392
Young–Dupré equation 182
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Young’s equation 182–187, 322, 372
Young’s modulus 293, 299, 315, 318,

325, 329, 330, 460

z
zero-shear viscosity 295, 303, 305, 348
zeta potential 163, 354




