INDEX

ABS, see Acrylonitrile-
butadiene-styrene terpolymer

Abstraction of hydrogen atoms, 206,

208, 214
Acrylates, (meth)acrylates, 520,
526
Acrylics, 279, 525, 530
Acrylonitrile-butadiene rubber
copolymer, 13, 106, 517
Acrylonitrile-butadiene-styrene
terpolymer
general, 13, 106, 209-212, 227,
236, 278-9, 306, 361
in blends, 516
processing, 460
Acrylonitrile-styrene-acrylate
polymers, 210
Addition polymers, 8—10, 43,
427
Adhesives, 520, 524-5, 532
Aggregation
definition, 296
in dispersion polymerization,
305
Alkyd resins, 56, 59
Alpha-relaxation, 20

Amorphous phase, 17, 19, 24, 391-3,

397, 588
Amphiphilic, 520, 565, 579

Anionic polymerization

block copolymer synthesis,
150-152
chain-end functionalized polymer
synthesis
carbonation, 156
hydroxylation, 156
reactions with silyl halides, 156
silyl hydride functionalization
and hydrosilation 156—7
termination with electrophilic
reagents, 155
copolymerization of styrenes and
dienes, 148—-150
SBR (styrene-butadiene)
random copolymer,
149-150
tapered block copolymers,
148-9
diene monomers
kinetics and mechanism,
134-9
stereochemistry, 144—6
initiation by electron transfer
alkali metals, 130
radical anions, 131
initiation by nucleophilic addition
1.1-diphenylmethyl carbanions,
134

alkyllithium compounds, 131
ate complexes, 133
difunctional initiators, 133—4
functionalized initiators, 134
organoalkali initiators, 133

organoalkaline earth initiators,

133
polar monomers
cyclic carbonates, 143
ethylene oxide, 140—141
methyl methacrylate, 140,
146-7
propylene oxide, 141-2
propylene sulfide, 142
siloxanes, 143-4
vinylpyridines, 148
B-propiolactone, 142
g-captrolactone, 143
solvents, 130
star-branch polymer synthesis,
153-5
styrene

kinetics and mechanism, 134-9

stereochemistry, 147-8
Apparent rate constants, see
Pseudokinetic rate constant
method
Arborescent polymers, 559, 574
amphiphilic, 579-580
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Arborescent polymers (Continued)
architecture, 575-6, 580
copolymers, 576-580
poly(2-vinylpyridine), 576, 578,

580
poly(ethylene oxide), 577
poly(tert-butyl methacrylate), 576,
578
polyisoprene, 576, 581
polystyrene, 575-9, 581
Arborols, 563, 565
Architecture, see also Topologies,
559-61, 563, 566-7, 573-6,
580

Arrhenius-type relaxation
activation energy, 29
beta-relaxation, 27—-8
high-frequency relaxation, 34-5
sigma-relaxation, 16, 20, 30, 32—-4

ASA see

Acrylonitrile-styrene-acrylate
polymers

Atom transfer radical polymerization
AGET, ARGET, ICAR, 80
characterization of polymers

synthesized by, 352-3
copolymers, 107
crosslinking, 199
dendrimers, 578
general considerations, 78
grafting, 2068, 211, 213, 218
in aqueous dispersions, 308-9
in ionic liquids, 325
in microreactors, 330
metalloradical, 80
polymerization rate, 80

ATRP see Atom transfer radical

polymerization

Autoacceleration see Trommsdorff

effect

Autoclave processing, 529

Average molecular weight between

crosslinks, Mc, 191, 194-5

Axial diffusion, 252

Azeotropy, 260

Bag molding, 528-9

Banbury mixer, 451-2

Barrier properties, 511, 513, 515-6

Bead polymerization, see suspension
polymerization

Benzoxazines, 520

Beta-relaxation, 20

Binomial theorem, 2545

Bio-based formulations, 527
Biodegradable polymer, 12, 242, 538,
574
Bismaleimides (BMI), 520, 528
Bivariate distribution, 254—5, 265
Blow molding, 243, 282, 437, 445
Blown films
blow-up ratio, see also BUR, 464
BUR, 464-6
DR, 464, 466-472
draw ratio, see also DR, 464, 469,
471
freeze line, 464, 467, 469
modeling, 465-6
stretching force, 463-470
thickness ratio, 464
Bond energy, 507
Bottle blowing, 455-6,
Brabender mixer, 451-2
Bragg’s law, 395
Branching
branched polymer, 254, 256,
258-263
branching point, see also crosslink
point, 10, 178, 191, 559, 579
density, 576
distribution of, 265
effect on mechanical and
rheological behavior, 437,
439, 441
functionality, 562, 569, 576, 580
long-chain branching, LCB, 256,
262
number average of branches, 255
ratio, 570
short-chain branching, SCB, 263
statistical, 559, 567—-8
b-scission (fB-scission), 262
Bulk molding compound (BMC),
530-31
Bulk polymerization, 258-9, 261,
263

Cannon-Fenske viscometer, 362-3
Capillary number, 511, 515
Carbenium ion, 163-5, 168-9, 171
Catalyst, 520-21, 524, 527, 531-2,
566-17, 573, 581

Cationic polymerization

isobutene, 165-8

mechanism, 163—-4

prospects, 181

styrene and derivatives, 171-2

vinyl ethers, 168-71

Cationic ring-opening polymerization
azetidines, 178
aziridines, 176—8
cyclic imino-ethers, 178-81
poly(ethylene oxide), 172-3
poly(oxetane), 173
poly(tetrahydrofuran), 173-5
Chain composition
average composition, 256
calculation of, 260
chain composition distribution,
256, 261
composition drift, 260—-61
control of, 258, 260
cumulative composition
distribution, CCD, 261
effect of transfer reactions on, 258
effects on termination rate
constant, 262
instantaneous copolymer
composition, ICC, 260-61
Chain length distribution, CLD, 7, 76,
93, 95-7, 100, 199-200, 202,
253-4, 258, 576
Chain microstructure, 258
Chain orientation, 470
Chain polymerization, 9-10, 43
Chain stereoregularity, 258
Chain topology,
Chain transfer
agents (CTAs), 258, 261, 2634,
298
and average number of radicals per
particle, 301
and desorption of radicals,
300-301
and molecular weight in emulsion
polymerization, 302
in suspension polymerization, 307
Charlesby-Pinner’s equation, 201
Chemoviscosity, 525
Chlorinated-Polyethylene, 517
Clays, nanoclays, 520, 532
Coagulation
catastrophic, 306
definition, 296
limited, 299
Coalescence, 306, 471, 505, 509,
512-5
Coatings, 520, 524-8, 532
Colloidal stability, 296
Comb-branched, 575, 577-8
Comb-burst®, 575-7



Commercial polymer grafting, see
Graft copolymers
Compatibilizer, 505, 508-9, 512-3,
515
Composites, composite materials,
520, 524, 528-32
Compounding
generalities, 451-2, 454,
in fiber composites, 496
in polymer blends, 505, 511
in polymer composites, 585, 590,
592-3
Compression molding, 459, 460, 528,
530
Computational fluid dynamics (CFD)
simulations, 444—8
Condensation polymers, 8, 10—12,
43, 48, 51, 53, 55, 57, 59, 241,
561, 563, 567, 569, 571
Conducting polymers
applications, 552-5
characterization, 551-2
charge storage, 541
charge transport, 5445
chemical and electrochemical
n-doping, 542
chemical and electrochemical
p-doping, 542
doping involving no dopant ions
charge-injection doping, 542-3
photo-doping, 542
electrospinning, 488
non-redox doping, 543
poly(paraphenylene), 550-51
poly(p-phenylenevinylene), 551,
573
polyacetylene, 545—6
polyaniline, 218, 241, 543-4,
546-17
polypyrrole, 218, 241, 338,
549-550
polythiophene, 241, 547-9
potential, 552—5
redox doping, 541
structure, 539, 541, 546, 552
synthesis, 545
Conductivity, 16, 18—19, 21-2, 24,
27-37, 193, 206-7, 218, 243,
324, 451, 488, 537-43, 545,
548-9, 552, 554, 596-9, 601
Conformation of polymer chains
bond rotation, 475
distribution function, 475

excluded volume, 364, 375, 384,
476
Gaussian coil (ideal chain),
475
radius of gyration, 475, 481
root-mean-square end-to-end
distance, 475
Controlled radical polymerization,
CRP
ATRP in aqueous dispersions,
308-9
bulk and solution, 78—81, 262,
265-6
challenges in aqueous dispersion
systems, 308
in ionic liquids, microwave
activated or microreactors
ATRP, 325, 330
NMRP, 330
RAFT, 328, 330-31
miniemulsion systems, 308—9
NMRP in aqueous dispersions,
308
RAFT in aqueous dispersions,
309
Controlled-living radical
polymerization, CLRP, see also
Controlled Radical
Polymerization, 78, 107, 199,
217
Conversion-temperature
transformation diagram, CTT,
523-4
Coordination polymerization, 85
Cossee-Arlman, 93
early transition metal-based
catalysts, 91
McConville, 91
phenoxymine, 86, 91-2
Schrock, 91
Stephan, 91
elastomers, 85, 87, 89-92
cis-1,4-polybutadiene, 87, 89
ethylene-propylene diene
copolymers, (EPDM), 85
ethylene-propylene rubber
(EPR), 87
random ethylene-a-olefin
copolymers, 87
trans- 1,4-polybutadiene, 89
late transition metal catalysts, 86,
96-8
Brookhart, 86, 92
Gibson, 86, 92

INDEX 607

Grubbs, 86, 92
Versipol, 92
mathematical modeling, 93
method of moments, 95, 978
Monte Carlo technique, 97
multigrain model, 97
polymer microstructural
models, 93
Stockmayer distribution, 95-6
mechanism, 1, 87, 94-5
monomer types, 87
alfa-olefins, 88
conjugated dienes, 88
dienes , 88
non-conjugated dienes, 88
propylene, 857
styrene, 867, 91
Phillips catalysts, 85-7, 95, 98
plastomers, 87
polymerization kinetics, 93, 97-9,
101
basic mechanism, 94
chemical equations, 94
single-site catalysts, 86, 89, 91-3,
95, 98
constrained geometry, 86, 89,
91
Ishihara’s catalyst, 91
metallocene, 86, 89-95, 98
monocyclopentadienyl, 86,
90-91
non-metallocene catalysts, 91
supported single site catalysts,
92
thermoplastics, 87
cycloolefins, 87
ethylene-propylene copolymers,
87
high density polyethylene
(HDPE), 87
isotactic polypropylene, 87
linear low density polyethylene
(LLDPE), 87, 92
styrene-ethylene copolymers,
87, 91
syndiotactic polypropylene
(sPP), 87, 89, 90, 92
syndiotactic polystyrene (sPs),
86, 87, 90, 92
trans-1,4-polyisoprene, 87
Ziegler-Natta catalysts, 85-90, 94,
98
Ziegler-Natta polymerization, 262
Copolymer, 505, 508-9, 514, 517
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Copolymer composition
azeotropic, 111, 120, 260, 277
composition behaviors, 110
cumulative, 109
equation, see Mayo Lewis
equation
instantaneous, 109
instantaneous multicomponent, 117
measurement methods, 116
microstructures, 107
policies to minimize composition
drift, 120
Copolymerization
alternating
2-D NMR analysis, 348
chainwise, 522
copolymer composition,
110-111
definition, 106
direct copolymerization, 205
block
anionic synthesis, 150
compatibility in polymer
blends, 509
definition, 107
polycondensation, 50, 520, 532
tapered, 148
copolymerization equation, see
Mayo Lewis equation
copolymerization rate, 118
definition, 105
effect of pressure, 120
effect of temperature, 118
gradient, 107
ideal, 110
models
complex dissociation model,
113
complex participation model,
113
depropagation model, 113
model discrimination, 114
penultimate model, 96, 112, 256
terminal model, 94, 96, 107-8,
117, 255-6, 258-265
multicomponent, 105, 116, 256,
258, 260
nomenclature, 107
random, see statistical
copolymerization
reaction media, 119
sequence length distribution, 115,
258
statistical, 106, 115, 180

step-growth, 106
types, 106
Core-shell particles, 524
Coupling efficiency, 562, 576
Crazing, 514
Critical micelle concentration (CMC),
296-7, 299-303
Crosslink density, 187-8, 190-91,
193-4, 201, 526
Crosslink point, 187-9, 192,
200-201
Crosslinking, 55, 57, 116, 121, 173,
187-204, 216, 225-6, 241-2,
259, 262-5, 269, 278-9, 298,
321-2, 327, 329, 387, 427,
429, 437, 525, 527, 588-590
Crystalline phase, 3923, 427
Cumulative properties
cumulative copolymer
composition, see also Chain
composition, 260-61
cumulative number-average
molecular weight, 264
cumulative weight-average
molecular weight, 259-61
definition, 261
Curing, 56, 191-2, 242, 328-9, 341,
415, 455, 459, 460, 483,
519-521, 523-530, 532, 589
Curing agent, 520
Cyanate esters (CE), 520, 528
Cyclization, 175, 188, 190, 192, 195,
199, 281
definition, 190
effect of dilution on, 194
primary cycles or intramolecular
cyclization, 143-4, 190,
527-8, 569
secondary cycles, 190, 264

Dangling chain, 188, 192, 194,

DC conductivity, 21

Dead polymer, 253-9, 262, 264-5

Degradation, 5234

Dendrigraft polymers, see also
Arborescent polymers,
559-560, 574

Dendrimer, 559-61

Dendrizyme, 567

Dendron, 559-63, 565, 567

Depropagation, 259

Diallyl phthalate (DAP), 520, 531

Dicyclopentadienes (DCPD), 520,
527

Dielectric analysis, DEA, 193
Dielectric fundamentals, 18
Dielectric relaxation in solid
polymers, 19, 27
Dielectric spectra: general features,
24
Differential scanning calorimetry,
DSC, 16-18, 23, 25, 32, 34, 36,
193, 230, 259, 288, 510, 523
Diffusional effects, 258—62
Diglycidyl ether of bisphenol A
(DGEBA), 523
Dimensional stability, 520-22
Dispersed phase, 469-71
Dispersion polymerization, 305
Divinyl monomer, 262, 265, 267-9
DLVO theory, 296
Double-monomer methodology, 569,
571
Droplets
as dispersed phase, 295
as nucleation site, 299-300,
304-5, 308-9
formation of monomer droplets
in macroemulsions, 297, 299
in minimeulsions, 308
in suspension polymerization,
305-6
role in emulsion polymerization,
300-301
size distribution (DSD)
in macroemulsions, 297
in miniemulsions, 304
Dynamic light scattering, DLS
apparent diffusion coefficient, 381
average diffusion coefficient, 381
by flexible polymers
concentrated solutions, 3857
fast mode, 385-6
intermediate q region, 385
Rouse model, 384
Rouse relaxation times, 384
scattering correlation function
for a Rouse chain, 384
semi dilute regime, 385-7
slow mode, 385-6
Zimm relaxation times, 384
exponential sampling method, 381
heterodyning, 378
homodyne, 378
intensity-intensity time correlation
function, 378
measurement of diffusion
coefficient by DLS, 379



method of cumulants, 381
of thin rods
coupling of translational and
rotational motions, 382
of thin rods
depolarized dynamic light
scattering, 382—3
first cumulant for thin rods, 382
scattered intensity of thin rod,
382
tobacco mosaic virus (TMV),
382-3
other inversion methods, 381
particle sizing, 377, 379
photon correlation spectroscopy,
378
polydispersity index, 381
Provencher’s CONTIN, 381
Siegert relationship, 378
size distribution by DLS, 380
Stokes-Einstein relation, 379
time dependent scattering
intensity, 378—82
Dynamic mechanical analysis, DMA,
16-17, 33-4, 36, 193-4, 428
Dynamics of block copolymers close
to the order-disorder transition
C-mode, 386-7
cooperative diffusion, 386—7
H-mode, 386-7
internal mode, 386—7

EAA, see Ethylene-acrylic acid
copolymer
Effective chains, Ne, 194
Elasticity, 511-13
Elastomer, 4-5, 8, 52, 85, 87, 89-92,
165, 168, 172, 175, 181,
190-92, 207-8, 210-11, 213,
233, 241, 286, 428, 432,
437-8, 516, 522, 524-5, 527,
532, 574, 581, 597
Electrode and Interfacial Polarization
Effects, 26
Electron beam curing, 527
Electrospray, 526
Elemental analysis
copolymer composition, 338, 343
general, 337-8
molecular weight determination,
338
monomer composition, 338
Elementary reactions, 252-3, 267
Emulsion polymerization

ab initio
conventional, 300, 303
CRP, 308-9
compartmentalization, 301
composition control in
copolymerizations, 302
formulation components, 298-9
free-radical capture, 299-302
Harkins theory, 295
heat transfer aspects, 303
historical developments, 295
intervals, 300
kinetics, 297, 300-301
molecular weight issues, 302
monomer partitioning and swelling
in polymer latexes, 297
monomer-flooded conditions, 302
monomer-starved conditions, 302
morphology of polymer latex
particles, 303
characterization, 303
in suspension polymerization,
306
Morton, Kaizerman and Altier
(MKA) equation, 297-8
nucleation mechanisms
homogeneous, 299-300
micellar, 299-300
number of particles (N), 298,
300-302
Ostwald ripening effect, 304, 308
overall description, 252, 259, 262,
299
seeded, 300, 303, 308
semibatch and continuous
processes, 302-3
Smith and Ewart (S-E) theory,
295, 300-301
superswelling, 308-9
toughening, 524
typical monomers, 298
Windsor I system, 297
zero-one system, 301
Emulsions, 297
End-linking, 191-2, 201
Energy balance, 263, 288—-9
EPDM, see

Ethylene-propylene-diene-monomer

copolymer
Epoxidized novolac, 527
Epoxy resins, 8, 55, 191, 415, 431,
523, 590, 599
EPS see Expandable polystyrene
Ergodic hypothesis, 257
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Error-in-variables model, EVM, 260
Ethylene-acrylic acid copolymer, 105
Ethylene-propylene-diene-monomer
copolymer
abbreviation, 13
antioxidants, 227
blend with styrene acrylonitrile,
517
blend with polypropylene and
polyethylene, 516
characteristics, 106
coordination polymerization, 85,
87, 91
grafting, 208, 210-14
Ethylene-vinyl acetate copolymer
abbreviation, 13
blend with poly(vinyl chloride),
517
characteristics, 105
GPC characterization, 361
reactivity ratios, 109
solution intercalation, 600
EVA, see Ethylene-vinyl acetate
copolymer
Evaporators, 276—7
extruder, 292
falling strand, 276, 292
filmtruder, 276
flash Devol, 291
wiped film, 276, 292
Expandable polystyrene, 13, 306
Extruder
CFD simulation, 446—8
die, 452-6
for blow and ribbon extrusion, 463
for nanocomposites, 585, 587-8,
596
for polymer blends, 509-511
for solvent removal, 285, 292
in natural fiber composites, 496
single-screw, 453, 511, 596
twin-screw, 292, 447-8, 4524,
463, 509-511, 588, 596
Extrusion
constitutive equations in, 444-5
film and ribbon, 463-7, 469—-470
generalities, 451-6, 460,
in nanocomposites, 585, 588, 590,
593, 595-6, 600
in polymer blends, 509, 515
multiple extrusion, 229-230, 232
of natural fiber composites, 495-7
polymer rheology in, 437, 439
powder coating, 526
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Extrusion (Continued)

reactive, 444

ribbon
cooling length, 464, 467-8, 471
modeling, 466
ribbon thickness, 464
ribbon width, 464, 468
stretching force, 463—-470

sulfur extrusion, 142

Fatigue, 514
Feed policies, 261
Fiber forming processing
dry spinning, 488
electrospinning, 488
gel spinning, 488
wet spinning, 487
Fiber-matrix interface, 519-22,
525-7, 529-530, 531-2
Fiber-reinforced composite materials,
528
Fibers, 470-72, 528
Filament winding, 524, 527-8,
529-32
Fillers, 531
Film blowing, 454, 463-7, 469-470
Film extrusion, 4545, 460
Film forming processing
coating
pre-metered coating, 483
self-metered coating, 483
epitaxy, 487
Langmuir-Blodgett deposition, 487
layer-by-layer deposition, 487
solvent casting
belt casting process, 482
wheel casting process, 482
spin coating
basic stages, 484
Bornside et al. approach, 486
Cregan and O’Brien approach,
486
Emslie Bonner and Peck model,
485
film thinning, 484
Meyerhofer approach, 485
surface-oriented phase
separation, 486
thin films, 484
Film properties
composition, 463
elastic modulus, 465, 470-71
elongation at break, 470-71
final dimensions, 463, 465, 467

mean failure energy (MFE), 471-2
morphology, 463, 467, 469-71
tensile modulus, 470
tensile strength, 470-71
Films, 524-5, 528, 530-31
Flory interaction parameter, 191,
297-8, 476, 478, 507
Flory-Huggins equation, 191,
290-91, 297-8, 476-7, 506-7
Flory-Huggins lattice theory
change in enthalpy of mixing,
473-4, 478
change in entropy of mixing,
473-4, 478
change in Gibbs free energy of
mixing, 474, 476, 478
chemical potential, 476, 479—-80
ideal solution, 476, 481
osmotic pressure, 476, 479-81
regular solution, 476
Flory-Rehner equation
affine deformation model, 191, 194
phantom model, 194
Flory-Schulz distribution, 261
Fluoroelastomer, 581
Foams, 525-7, 529
Folded chain, 392
Fréchet, 560, 563-4, 567-570
Free radical copolymerization, 187,
191-3, 195, 197-202, 321-2,
Free radical initiators
azo-compounds, 65, 68-9, 73
half-life time, 66
initiator efficiency, 66, 73-4, 81
peroxides, 65, 69, 73
Free radical polymerization
backbiting reactions, 71
ceiling temperature, 77
chain transfer agents, 69
chain transfer to impurities, 70
chain transfer to initiator, 69
chain transfer to monomer, 69
chain transfer to polymer, 70
chain transfer to small species,
68-9, 71
chain transfer to solvent, 69—70
floor temperature, 77
free radicals, 65-6, 68, 71, 73, 75,
78-9
general considerations, 65
heat of polymerization, 77
inhibition, 71
initiation, 65-6, 71-5

kinetic modeling, 252-4, 258,
261, 264
kinetics, 71-4
mechanism, 66—7
molecular weight distribution
Flory—Schulz distribution, 75
full distribution, 74-6, 81
M,, 74-6, 80
polydispersity index or
dispersity, 76, 78, 81
monomer addition, 66-8, 71
propagation, 65-9, 71-5, 77
quasi-steady state, 73
rate constants
chain transfer to impurities,
70
chain transfer to initiator, 69
chain transfer to monomer, 69
chain transfer to polymer, 70
chain transfer to solvent, 69—70
propagation rate (k) constants,
66-8, 71-80
pulsed laser polymerization,
76
termination, 65-6, 68-9, 71-6
thermodynamic aspects, 77
Free volume, 443
Fringe micelles, 189
Functionalization
acetylation, 575
chloromethylation, 575
dendrimer, 566
direct copolymerization, 205
end-functionalization, 205
functionalization-grafting, 205

Galerkin finite-elements method, GF,
199, 323
Gel conversion, 520, 527, 529, 532
Gel effect, see Trommsdorff effect
Gel permeation cromatography, GPC,
see size exclusion
cromatography
Gelation, 187-204, 238, 256, 263,
521-4, 527-9, 569, 570-72,
590-91
classical theory, see statistical
theories
critical conversion, 196—8
effect of cyclization on gelation,
190
gel, 256, 262-4
gel fraction, 191, 521-4, 527,
528-9



gelation point, 191, 193, 2634,
322,521-3
post-gelation, 197, 199, 201, 256
pre-gelation, 193, 199, 201, 256
prevention of, 187
sol fraction, 191, 194, 529-530
Generation, 559-63, 565, 567,
574-17, 579-580
Glass transition temperature, T
alpha-relaxation
chitin, 22-4, 28
chitosan, 30, 31
generalities, 16—18
PVA, 34
water content effect, 32—3
generalities, 15-16, 259, 281, 283,
446, 505, 509, 510, 513,
525, 532
Glass-fiber reinforced plastics, 520,
527-32
Graft copolymers
general, 10, 107
in polymer blends, 509
polyol polyethers, 210
Graft polyolefins
anionic copolymerization, 211
borane compounds, 210
cationic copolymerization,
211
controlled radical polymerization
techniques, 212—-4
metallocenes, 211
Ziegler-Natta, 211
Grafting density, 576
Grafting from inorganic surfaces
anchoring groups, 207
controlled radical polymerization
techniques
general, 211-18
ATRP, 215-18
NMRP, 214-18
RAFT, 215-17
free radical polymerization
techniques, 214, 216—17
grafting density, 207, 215-16
Grafting from polymer surfaces
controlled radical polymerization
techniques
general, 21114
ATRP, 213
NMRP, 211-13
RAFT, 214
free radical polymerization
techniques, 207-211

Grafting yield, 5767
Grafting, see Synthetic strategies

Haake mixer, 451-2
Hand lay-up process, 523-5, 527-8,
532
Hardener, 529-530
HDPE see High density polyethylene
Heat effects, 263
Heat of polymerization, 274, 287
Heterogeneous coordination catalyst,
258
Heterogeneous system, 252, 262, 264
High density polyethylene, HDPE
additives, 230, 236
composites, 432
coordination polymerization, 85,
87
general, 8, 10, 12—13
in blown films and ribbon
extrusion, 467, 469-71
in natural fiber composites, 495,
497-8, 500-501
modified or grafted, 213
nanocomposites, 585, 590, 592,
597, 599-600
processing, 452, 457, 459
solution process, 287
High-frequency relaxations, 34
High-temperature relaxations, 33
History, 273
Hollow articles in polymer
processing, 455, 458
Homogeneous system, 252, 261, 264
Homopolymerization
capability of, 260
effect of impurities in, 258
mathematical model for, 264,
255-7
similarities of copolymerization
with, 262
stereoregularity in, 258
Hot melt process, 520-21, 524
Hybrid materials physisorption, 207
Hybrid materials synthesis
carbon black-g-polymer
FRP, 216
NMRP, 216
carbon nanotubes
ATRP, 217-18
FRP, 216-17
NMRP, 217-18
RAFT, 217
CdSe-g-polymer
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NMRP, 215
RAFT, 215
covalent bonding, 207
electrostatic absortion, 207
fullerenes-g-polymer
FRP, 216
NMRP, 216
in thermosets, 573, 578, 582
nanomagnetite-g-polymer
ATRP, 215
NMRP, 214-15
nano-onions, 216
ATRP, 216
NPSi02-g-polymer
ATRP, 215
FRP, 214
NMRP, 214-15
RAFT, 215
Hydrogen bonding, 506, 507
HYPAM, 572
Hyperbranched polymers, 559-560,
567

Impurities, 258
Infrared spectroscopy
attenuated total reflectance (ATR),
341
FT-IR microscopy, 341
generalities, 339, 341
instrumentation
Fourier transform
spectrometers, 339
interferometer, 339
polyethylene, 342, 352
poly(hydroxyalkanoate), 343
qualitative analysis
fingerprint, 339-340
generalities, 339
functional group, 339-340
generalities, 340—41
Lambert-Beer law, 340—41
real time IR spectroscopy
crosslinked polymers and
copolymers, 342
generalities, 341
interpenetrating polymer
networks, 342
photopolymerization, 341
UV curing, 341
sampling methods, 341
symmetric and assymetric
stretchings, 339, 341-2
Infusion process, 529
Inimer, 570-71, 579
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Initiation
initiation reaction, 256-7, 259-62,
264-5

initiator, 258, 261-2, 264, 268,
initiator decomposition, 254, 258,
264, 267
initiator efficiency, 262
thermal initiation, 267, 269
Initiator, 529
Injection molding, 521, 524, 526-7,
530-31
compression molding, 459-460
defects, 457-8
for thermosets, 521, 524, 526-7,
530-31
generalities, 8, 48, 455-6
limitations, 457
rotational molding, 458-9
Injection processing,
applications, 282
for nanocomposites, 587, 600
for polymer blends, 515-6
for thermosetting polymers, 528,
531
in natural fiber composites, 493,
496-8
In-mold coating, IMC, 528, 531
Inorganic condensation polymers, 53,
54
Inorganic polymer, 11-12, 54, 415
Instantaneous property
instantaneous copolymer
composition, ICC, see also
Chain composition, 260
instantaneous MWD, 261
instantaneous radical-type
distribution, 257
instantaneous value of mass, 252
instantaneous vs cumulative
property, 261
Interfacial adhesion, 470
Interfacial properties or
characteristics, 506, 508—13,
515
Interfacial tension
role in particle morphology, 303
role in particle swelling, 297—8
role in suspension polymerization,
306
Intermediate species, 252
Intermolecular crosslinking, 190, 192,
199
Intermolecular forces, 507

Internal double bond polymerization,

IDB, 262-4

Intramolecular crosslinking, see also

cyclization, 190, 192, 195,
199-200

Intramolecular cycles, 527-8
Intrinsic viscosity, 7, 190, 282, 356,

361-5, 560

Tonic liquids, 317, 324-9

cellulose, 326, 328

microwave energy, 328—-9

recycling, 325, 327-9

solvents for polymerizations,
324-9

surfactants in polymerizations, 329

Ionic polymerization, 252, 258, 261
Ionomer, 509, 516

Junction points, see also crosslink

point, 188, 189, 194

Junction zones, 189

Kinetic rate coefficient, 253
Kinetic theories, 198
Kraemer-Hiiggins plot, 363
Kuhn segment, 195

Lamellar structure, 391-3, 404
Lamellar stacking model, 404-5
Lamellar thickness, 393, 401
Laminates, 522-3

LCST see Lower critical solution

temperature

LDPE see Low density polyethylene
Lewis acids, 520, 529

Life cycle analysis, LCA, 521

Light scattering, LS

concentration fluctuations, 367,
370

correlation length, 369, 370

density fluctuations, 367, 370

dielectric constant fluctuations,
367, 370

dielectric correlation function,
368-370

Mie, 368

molecular weight dispersity,
375-6

Rayleigh-Debye-Gans
approximation, 368

Rayleygh ratio, 369-370

SANS, 367, 369-370, 376, 378

SAXS, 367, 369, 376

scattered intensity, 368

thermodynamic limit, 369-370
T-Matrix, 368
use of the technique, 259

Limiting conversion, 259
Linear polymerization, 256, 259,

262-5

Live polymer, 253-7, 263
Long chain hypothesis (LCH), 108,

256

Long-chain approximation, LCA,

260

Low density polyethylene, LDPE

additives, 230, 236

bulk process, 273

composites, 432-3

general, 8, 10, 12-13, 92

in blown films and ribbon
extrusion, 467, 469-71

in natural fiber composites, 496—7

Mark-Houwink parameters, 364

modified, 213

nanocomposites, 585, 590, 592

processing, 452, 457, 459

Low profile additive, LPA, 522
Low-frequency relaxations, 28
Low-temperature relaxations, 30

MABS see Methyl

methacrylate-acrylonitrile-
butadiene-styrene polymers

Macroemulsion, 262
Macromonomers

in anionic polymerization, 130,
134

in coordination polymerization, 94,
96

in dendritic polymers, 559, 569,
579

in functional polymers, 206

in grafting, 211, 213

in green solvent polymerization,
232

in polycondensation, 51, 61

Mark-Houwink-Sakurada equation, 7,

21, 359, 364-5

Mass action law, 253-4
Mass balance equation, 252, 265
Mass spectroscopy

detection limit, 351

electron ionization, 351

generalities, 348, 351-2

matrix assisted laser desorption /
ionization (MALDI)



in addition-fragmentation
transfer polymerization
(RAFT), 352
in atom transfer radical
polymerization (ATRP),
353
generalities, 352-3
nonpolar polymers, 354
tandem mass spectrometry, 355
sample introduction, 351
sensitivity, 342, 344, 351
signal to noise ratio, 343, 351

Matrix, 469, 471
Mayo-Lewis, 260
Mayo-Lewis equation, 95, 108-9,

119, 148, 260

MBS see Methyl

methacrylate-butadiene-styrene
polymers

Mechanical properties, 425

compliance, 430
composites, 431
generalities, 14—15, 18—19, 32,
51, 86, 191, 207, 227, 230,
234-6, 243, 282, 410—11,
414, 425-431, 433-4, 463,
469-471, 475, 549
modulus
bulk, 427
compression, 428
dynamic, 431
elastic, 427, 432-4, 519, 528
loss, 193-4, 431, 522, 527, 532
shear, 427-8
storage, 431, 519, 520, 522, 528
molecular structure, 428
of nanocomposites, 587-593, 595,
597-8
of polymer blends, 509, 513
of thermosetting polymers, 524,
527-8, 531-2
of wood composites, 493-5,
497-8
polymer, 426
strain, 426
constant, 430
deformation, 427
simple, 428
sinusoidal, 430
stress test, 427
strength
impact, 427
tensile, 425, 431-4
ultimate, 428

stress, 425
concentration, 433
decay, 430
relaxation, 430
sinusoidal, 431
strain curve, 427
transfer, 432
Melamine-formaldehyde polymer,
46-17, 519-520, 530
Melt
in film and ribbon extrusion,
463-4, 467-8
processing pressure, 451-9, 461
processing temperature, 451-2,
456-461
Melting point, 281, 519-520
Metallodendrimer, 566—7
Method of moments, 253, 255, 268
Methyl methacrylate (MMA)
polymerization
in sc-CO2, 264
limiting conversion, 259
terminal double bonds formation,
262
Methyl methacrylate-
acrylonitrile-butadiene-styrene
polymers, 209, 517
Methyl

methacrylate-butadiene-styrene

polymers, 13, 210, 517
Meyer-Lowry equation, 261
Micelles

and micellar nucleation, 299

conditions to form micelles, 296—7

definition, 296
in emulsion polymerization, 299
in microemulsion polymerization,
304
in miniemulsion polymerization,
304
solubilization of hydrophobic
liquids in, 297
Michael addition, 563, 573
Microchannels, 329-330
Microemulsion polymerization, 304
Microgels, 154, 190, 192, 199, 200,
523,527
Microreactors, 329-331
chip-based reactor, 329-331
column reactor, 330
tubular reactor, 329-331
Microscopy
2D image analysis, see also 2D
image, 416-9
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3D image analysis, 416-421
composition, 409-410, 412,
414-5, 417
confocal microscopy, 416
electron diffraction energy-loss
spectroscopy, EELS, 409,
412, 414-5
electron holography, 409-410
energy dispersive X-ray analysis,
EDX, 409, 412, 414
energy-filtered transmission
electron microscopy,
EFTEM, 409, 414-5
environmental scanning electron
microscopy, ESEM, 410, 413
high resolution transmission
electron microscopy,
HRTEM, 409, 413, 415
laser scanning confocal
microscopy, 416
light microscopy, 510
materials evaluated
blend, 414-7, 420
block copolymer, 411-2,
416-420
copolymer, 411-3, 415-420
nanocomposites, 412-3, 415,
418
nanoparticles, 412, 415
morphology, 412-5, 419
phase contrast, 410, 413, 417
resolution, 409-411, 414-5,
417-8
scanning electron microscopy,
SEM, 409-412, 416-7, 510
scanning transmission electron
microscopy, STEM, 409,
411-5
staining, 412
structure (micro, nano) analysis,
409-420
topology, 409, 416, 419-420
transmission electron microscopy,
TEM, 409-413, 415, 418-9
annular dark field, 412-3
conventional TEM, CTEM,
409, 412-3, 418, 510
cryogenic HRTEM or
cryo-HRTEM, 413
cryogenic TEM or cryo-TEM,
409, 413
high angle annular dark field,
409, 413



614 INDEX

Microscopy (Continued)
high voltage transmission
electron microscopy,
HV-TEM, 414
in situ TEM, 409-412
low voltage transmission
electron microscopy,
LV-TEM, 414
transmision electron
microtomography, TEMT,
416-420
Z-contrast, 409, 413—-4
ultramicrotomy 413
X-ray microtomography, X-ray
m-CT, 416-8, 420
Microstructure, 505, 509
Microwave energy, 327-9
cellulose, 328
ionic liquids, 327-329
polymer processing, 328
polymerization reactions, 328-9
Miniemulsion polymerization, 303—-4
Mixer, 509-512, 515
Mixing, 291
Modeling
chemical reactor modeling, 252,
262
monofunctional polymer molecule
assumption, 264
multifunctional polymer molecule
assumption, 265
of bivariate distribution, 254
of molecular weight distribution,
256
tips for, 257
Modification of polymers by grafting
grafting-from, 205-7, 211, 215-8
grafting-onto, 206, 214, 216
grafting-through, 206, 211
Moisture content effects on molecular
relaxations, 17
Molding powders, 523
Molecular dynamic simulations,
445-6
Molecular weight
molecular weight dispersity
anionic polymerization, 129,
142
cationic polymerization, 166,
170
control, 258, 261
coordination polymerization, 95
definition, 7

hyperbranched polymers, 559,
569

in crosslinked polymers, 192,
202

in graft polymers, 211, 213

measurement, 356-9

microreactors, 331

microwave polymerization, 328

polymer processing, 425

radical polymerization, 76, 78,
80-81

molecular weight distribution

(MWD)

anionic polymerization,
129-134, 139-143,
152-4, 172

bulk polymerization, 2767,
280-283, 285, 287, 291

copolymers, 256, 265

definition, 6-7

effect on miscibility, 505-7,
509

graft copolymers, 211

hyperbranched polymers, 559,
567

influence on polymer properties,

425-6

influence on rheological
properties, 439, 443

measurement, 352—-355

method of moments, 253-6,
264, 268, 323

microreactors, 331

moments, 67, 76, 253

moments in catalysis
coordination
polymerization, 95, 97—-8

moments in polymer network
modeling, 195, 198,
266-7

polymer solution, 479

radical polymerization, 74—5

step-growth polymerization,
44-5, 53

suspension polymerization, 306

tips related to MWD issues,
256-264

number average

control in anionic
polymerization, 128

control in condensation
polymerization, 57

control in free radical
polymerization, 258-261,
264
crosslinking, 195
definition, 6, 46, 426
effect on form factor, 375
effect on polymer processing,
425
measurement, 356—8, 364, 380
method of moments, 253
polydispersity, see MWD
dispersity
viscosity average
definition, 7, 426
measurement, 356—7, 359,
364-5
weight average
control in free radical
polymerization, 258-9,
261-2
definition, 67, 426
effect on rheological properties,
437, 439, 441, 444, 446
light scattering, 371
measurement, 356-9, 364
method of moments, 253
z-average molecular weight, 264
Moller, 560, 575
Moment generating function, MGF,
199, 202
Monomer conversion,
Monomer functionality, 190-191,
194-7
Monomers
(AB)n-type, 561, 567
branch cells, 559-561, 563, 567,
569
macromonomer, 559, 569, 579
Monte Carlo simulation, 97-98, 195,
197-9, 301, 413, 476
Morphology, 505, 508-512, 515
Most probable distribution, see
Flory-Schulz distribution
Multifunctional assumption, 198, 265,
266

Nanofibers, 432
composites, 433
Nanofiller, 446
Nanoparticle, 532, 573, 580-581
Nanotubes, 432
carbon (CNT), 520, 532
composites, 434
Natural fiber composites



decay factors
interface, 500-501
moisture, 500
particle size, 500
wood/polymer ratio, 500
durability, 493, 495, 498, 500-501
manufacturing process, 493, 495,
497
mechanical properties, 498—9
properties, 493-5, 497
raw materials
additives, 495
interface, 494 -7
moisture content, 496
natural fibers, 494
particle size, 496
polymers, 495
uses, 493, 501
water absorption, 497-8
wood/polymer ratio, 496
Natural fibers, 432
Natural fillers, 446
Natural polymer, 3, 11, 16, 356, 391
NBR, see Acrylonitrile-butadiene
rubber copolymer
Neutralized and nonneutralized chitin
films, 21
Newkome, 560, 563, 565
Nitrile rubber, 517
Nitroxide-mediated radical
polymerization
alkoxyamine, 79
characterization of polymers
synthesized by, 352
copolymers, 107
crosslinking, 199
degree of polymerization, 79
fundamentals, 78—80
grafting, 207-8, 211-8
in aqueous dispersions, 308—9
in microreactors, 330
kinetics, 79
mathematical modeling, 266—9
mechanism, 78
microwave process, 328
nitroxide radicals, 79
NMP see Nitroxide-mediated radical
polymerization
NMRP see Nitroxide-mediated
radical polymerization
Nonlinear polymerization, 256,
264-5
Non-mean field theory, 197

Non-Newtonian behavior or flow,
438, 441, 448, 463
Non-Newtonian fluid, 4, 438, 451,
485
Non-steady-state, 252
Nuclear magnetic resonance (NMR)
chemical shift, 343-5, 348-9,
351-2
generalities, 338, 343-352
instrumentation
continuous wave, 345
Fourier transform, 345
qualitative analysis
general, 346
poly(dimethylsiloxane), 347
polystyrene, 346, 350
quantitative and compositional
analysis
end groups, 350, 352
functional groups, 349, 352
general, 349-351
stereochemistry (tacticity), 350
sample preparation, 345
spin-spin coupling, 345, 348
two dimensional NMR analysis
general, 348, 351
use for characterization of several
polymers, 114, 116, 133,
135, 150, 156, 194, 211,
357, 479, 510, 552, 568
2D-INADEQUATE, 348
heteronuclear correlation
spectroscopy (HETCOR),
348
homonuclear correlation
spectroscopy (COSY),
348
Overhauser effect (NOE), 348
Number-average molecular weight,
258-261, 264, 269
Numerical fractionation technique,
NFT, 195
Nylon, 5, 8, 13, 48, 106, 208, 283,
338, 360, 364-5, 427, 507,
515, 540, 586, 590

Optical properties, 515
Origin of dielectric response, 19
Osmometry, 338, 357, 371
membrane osmometry, 480
vapor pressure osmometry,
480-481

Paintings, 520-521, 523, 525, 528
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PAMAM, 562-4, 566-7, 572-3
Particle deformation, 469
Particle size distribution (PSD)
characterization, 303
in emulsion polymerization, 303
in suspension polymerization,
306-8
modeling, 307
simulation by CFD, 308
PE see Polyethylene
Pearl polymerization, see suspension
polymerization
Pendant double bond, 154, 192-3,
199, 262, 264-5
Percolation theory, 193, 195, 197-8,
521, 523, 596-8, 601
Phase diagram, 478
molecular weight dispersity 320
Phase equilibria
binodal and spinodal curves, 478
critical concentration, 478
critical temperature, 478
lower critical solution temperature,
318-9, 478-9, 507
phase separation, 478
upper critical solution temperature,
318-320, 478-9, 507
Phenol polymers, 46
Phenolic resins, 55-6, 60, 525, 532
Pigments, 519, 525, 530-531
Pi-pi interactions, 189
Poly(butylene terephthalate), PBT,
13, 227, 230, 236, 242, 281-3,
361, 415, 461, 516
Poly(ethylene glycol), PEG, 172, 352,
358-9, 412
Poly(ethylene oxide), PEO, 12-13,
172, 179, 211, 216, 218, 359,
376, 378, 385-6, 577, 586
Poly(ethylene terephthalate), PET,
1214, 47, 206-7, 227, 230,
236, 239, 242-3, 273, 281-3,
361-3, 365, 391, 399, 427,
455, 461, 463, 507, 583,
586-9, 593, 595-7
Poly(lactic acid), PLA, 12-13, 414
Poly(methyl methacrylate), PMMA ,
5, 10, 12—-13, 133, 147, 152,
211, 213-8, 227, 233, 236, 273,
279, 306, 321, 338, 350, 353,
359, 361, 364, 411-2, 415,
452, 457, 460, 486, 507, 517,
553, 585, 593, 596-7, 599-600
Poly(phenylene sulfide), 516



616 INDEX

Poly(phenyl—ether), 516
Poly(tetrafluoroethylene), PTFE, 13,
237, 273, 516
Poly(vinyl acetate), 306
Poly(vinyl alcohol), PVA
dielectric relaxations, 34—8
generalities, 13, 15-18, 20-21,
201, 358-9, 410, 599
Poly(vinyl butyral), PVB, 463
Poly(vinyl chloride), PVC
for film and ribbon extrusion, 463
generalities, 8, 10, 12—-13, 210,
213, 225-17, 236, 238-240,
243, 245, 261, 263, 361,
364, 415, 429, 458-460,
463, 495, 498, 600
heat stabilizers
costabilizers, 232
examples, 232-3
metal-free heat stabilizers, 232
mixed metal salts, 231
organo tin heat stabilizers, 231
testing, 232
in polymer blends, 507, 517
synthesis in dispersed phase, 306
synthesized in bulk and solution,
273
Polyacrylonitrile, 507
Polyamide, PA, 5, 8-9, 11, 13,
46-50, 178, 227, 229, 230,
233, 236, 238, 240, 241, 273,
283-4, 328, 331, 361, 391,
413, 428, 459, 488, 509, 516,
527, 530, 585, 597
Polyamidoamine, see PAMAM
Polyaniline, 218, 241, 538-541,
543-4, 546-17, 552-3, 600
Polycarbonate, PC, 13, 46, 143, 227,
283-5, 321, 361, 414-5, 460,
516, 569, 581
Polydispersity, see Molecular weight
dispersity
Polyester dendrimer, 569
Polyesters, 8-9, 11, 45-52, 55-7,
191, 233, 241, 273, 281,
323-4, 360, 488, 431, 509,
519, 522, 525, 527, 530-532,
569, 571, 585-7, 591, 593, 597
Polyethers, 50, 51, 210, 216, 323,
360, 567, 569, 571
Polyethylene
additives, 230-231, 233, 240-243
anionic polymerization, 129
blends, 507-8, 513, 515-7

characterization, 340, 342, 356,
358-361
coordination polymerization, 85,
87,91-2
gel spinning, 488
general, 4-5, 8, 12—13, 70, 451
in natural fiber composites, 495-38,
500
injection, 457
microscopy, 409, 411, 413-4
modified or grafted, 205, 211-3,
217
nanocomposites, 585, 590, 592,
597, 600
semicrystalline nature, 391-2
solution/bulk process, 273, 281-2,
287
Ty, 428
thermoforming, 460
x-ray scattering, 400
Polyethylenimine, 573, 575-7
Polyglycidol, 578
Polyhedral oligomeric silsesquioxanes
(POSS), 524-5, 527, 531
Polyimides, 46, 50-51, 227, 520,
528, 532, 585
Polyisobutylene, 516
Polymer
abbreviations, 12—13, 361
classification, 7-9, 11, 43
common names, 12—13
conventional nomenclature, 12
definition, 3
history, 3—4
TUPAC nomenclature, 13, 43,
189-190
nomenclature, 12—13
production volume, 12, 290
uses, 7
Polymer additives
active protection additives
content protection, 243—-4
heat control, 244
productivity enhancer, 244
additives to enhance processing,
240
additives to influence morphology
and crystallinity, 242-3
additives to modify plastic surface
properties, 240-241
animal repellents, 244
antifogging agents, 206, 225,
240-241
antimicrobials, 243

antioxidants
examples, 230-231
general, 225-8, 244-5, 278,
286, 527
other antioxidative stabilizers,
229
primary antioxidants, 228-9
secondary antioxidants, 229
testing, 229-230
antistatic agents, 225, 241, 463,
482, 546, 596
blowing agents, 244
coupling agents / compatibilizers,
243
flame retardants
examples, 238
general, 225, 227, 235-8, 245,
324, 593-5
halogenated flame retardants,
235
inorganic flame retardants,
235-6
phosphorus and nitrogen
containing flame
retardants, 236-7
testing of flame retardancy,
237-8
light stabilizers
examples, 235
general, 225-6, 233-5, 245,
495
hindered amine light stabilizers,
233-5
testing, 235
UV absorbers, 233
markers, 244
nucleating agents / clarifiers,
242-3
odor masking, 244
plasticizers, 18, 225, 231-2,
238-9, 279, 324, 482
polymer chain modifiers
chain extenders, 241
controlled degradation,
241-2
prodegradants, 242
scavenging agents
acid scavengers, 239
aldehyde scavenger, 239-240
odor reduction, 240
slip and antiblocking agents,
240
smart additives, see active
protection additives
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LDPE, 585, 590, 592
L-lysine, 592, 594, 600

thermal conductivity enhancers, polymer/graphene nanocomposites,
243 598

trends, 245 polypropylene/clay, 592 MAH, 586-594, 597, 600
Polymer architecture classes, polystyrene/clay nanocomposites, mechanical properties,
559-560 593 587-593, 595, 597-9

Polymer blends
in film and ribbon extrusion, 463,

polyethylene/clay, 590
preparation methods

melt compounding, 592-3
melt viscosity, 586, 588

469, 470, 471 polymer/graphene miscibility, 586—8
blend composition, 505-6, adsorption-desorption mixing, 585, 588-9, 593,
510-513 equilibrium, 586 596
compatibilized, 505, 508, 513 amorphous phase, 588 nonhalogenated flame-retardant,
compatible, 505, 509-510, 513 aspect ratio, 599 593, 595

immiscible, 505-8, 510, 512, 513

miscible, 505-7, 510, 512-3

Polymer characterization

composition analysis, 337-8,
342-3, 348-9
differential scanning calorimetry
(DSC), 510, 528
generalities, 337, 352
polymer structure, 337, 347-8
polymeric melts
electrical conductivity, 446
infrared spectroscopy, 443
light birefringence, 443
polarized light microscopy
(POM), 443

small angle light scattering, 443

thermal conductivity, 446

Polymer gel, see also gelation, 190,

191

Polymer latex

applications, 304
characterization, 303
definition, 295

monomer partioning and swelling,

297
superswelling, 308-9

Polymer nanocomposites

generalities, 531, 585

HIPS/clay, 593

HIPS-PET/clay, 593

nanoparticles of barium sulfate,
597

PET/clay, 586

PET-HDPE/carbon black, 597

PET-PEN/clay, 587

PET-PMMA/carbon black, 596

polyolefin/clay nanocomposites,
590

polyester resin/clay, 589

polyester/clay, 586

polymer carbon black
nanocomposites, 596

barium sulfate, 586, 597-8

birefringence, 586

burning rate, 593, 595

carbon black, 5967

carbon nanotubes, 598, 600

carbonaceous char, 593

CB, 586, 5968

char layer, 593, 599

clay, 585-596, 598

Cole-Cole, 588

combustion, 593—-4, 596,
599

compatibility, 585, 590, 593

compatibilizers, 5867, 597

complex viscosity, 588, 591

conductive fillers, 598

crosslinking, 589

crystallization, 588, 597-8

dispersion, 586, 590, 592-3,

595-17, 600
distribution, 590, 593, 596-38,
600

elastic modulus, 586, 593

exfoliation, 585-6, 588—-593,
599

extensional flow, 593

fire retardant, 593

flame retardant, 593-5

gas diffusion, 588

gelation temperature, 590

glass transition temperature,
586, 588

grafting, 590, 592-3

grapheme, 586, 598-9, 600

HDPE, 585, 592, 597, 600

HIPS, 585, 594-6

hydrophilic, 585, 588, 598

hydrophobic, 588

immiscible, 587, 5967

intercalation, 585-6, 589-590,
599-600

interfacial interactions, 591

nucleation, 588, 597-8
oscillatory shear, 588, 592, 600
PEN, 585, 587-9
PENTA, 586-7
percolation, 596-8, 600
permeability, 585
PET, 585-590, 593, 595-7,
600
phosphorous compound, 593
PP, 585, 591-4
processing, 586—8
relaxation, 586, 588, 592
resistivity, 5967
rheological properties, 592-3,
595, 597
slurry, 590-591
sonication, 589, 596
tear, 592
transesterification reaction,
587-8
triphenyl phosphate, 593
unsaturated polyester resin, 585,
589-591
viscoelastic properties, 5867,
592
surface modification of graphene,
599
synthesis and structural features of
graphene, 599
Polymer network
by cationic ring opening
polymerization (CROP), 51,
174, 178
by free-radical copolymerization
(FRC), 263
by step-growth polymerization,
520-521, 523, 525, 532
characterization techniques, 193,
342
chemical networks, 189, 191
defects, 188, 192
definition, 187
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Polymer network (Continued)
from radiation-induced
polymerization, 329
Gaussian network, 194
homogeneous, 188—190, 199
ideal, 188-9, 199
imperfect, 188
interpenetrating, 189
model, 188-9, 192
perfect, 188—9
physical networks, 189
semi-interpenetrating, 189
structure, 187
Polymer post-modification
copper-catalyzed, 207
coupling reactions, 207
Diels-Alder, 207
metal-free, 207
polydienes by NMRP, 211-2
polyolefins by CRP, 212-4
Polymer processing, 437, 438, 444,
445, 446
additives, 532, 581
blow molding, 437, 445
extrusion, 437, 439, 444-5
film blowing, 437
injection molding, 437
production of thermosets, 524—7
Polymer reaction engineering, 251,
257
Polymer rheology
Bagley correction, 441-2
capillary rheometer, 441-2
constitutive equations, 437, 443,
445
Criminale-Ericsen-Filbey
(CEF), 445
Goddard—Miller (G-M)
equation, 445
Kaye-Bernstein-Kearsly-Zapas
(K-BKZ), 445
Maxwell model, 444
power law model, 441-2, 444
Yasuda-Carreau equation, 444

creep, see also retardation process,

440, 444, 519, 528
dilatant, 438
dynamic moduli, 442
dynamic rheometers, 442
extensional viscosity, 443
extrudate swelling, 438-9, 445
generalized Newtonian fluid
(GNF), 444-5
Hookean solid, 437-8, 440

linear strain, 439

linear viscoelasticity, 440—441,
445

master curve, 443

melt flow index (MFI), 442-3

Newtonian liquids, 437-8

Newtonian viscosity, 273, 276,
281, 290-291, 444

non-Newtonian viscosity, 448

normal stress differences, 442, 445

normal stresses, 438

pressure effect on viscosity, 443

pseudoplastic, 438

Rabinowitch correction, 441-2

relaxation modulus, 440, 445

relaxation spectrum, 443

relaxation time, 445

retardation process, 440

rheological properties, 514

rotational rheometers, see also
dynamic rheometers, 442

cone-and-plate, 442
parallel plate, 442

shear strain, 439, 440

shear stress, 509, 511-2

shear thickening, see also dilatant,
438

shear thinning, see also
pseudoplastic, 438, 441, 444,
446

temperature effects on viscosity,
443-4

viscoelasticity, 521, 525

viscosity, 520523, 525

viscosity ratio, 511-3

viscous dissipation, 444-5

Voigt model, 444

Weissenber effect, 438

WLF equation, 443

zero-shear-rate viscosity, 441-4,
446

Polymer solution thermodynamics,

505-6, 508
energy of mixing, 505-7
enthalpy, 5067,
entropy, 505-7
heat of mixing, 506—7, 509
lower critical solution temperature,
507-8
phase diagrams
binodal curve, 507-8
spinodal curve, 507-8, 510
solubility parameters, 507
spinodal decomposition, 508

upper critical solution temperature,
508
Van der Waals, 507

Polymeric liquids, 438, 440-442

polymer melts, 438—446
polymer solutions
concentrated, 473
dilute, 473, 476, 480
rheological issues, 438, 441
semidilute, 473, 481
solubility, 474, 477
polymer suspensions, 438, 441

Polymerization

anionic, 527, 574-5, 577-9
atom transfer radical
polymerization, 578
catalysts, 281, 285, 287
cationic, 521, 526, 569, 570,
574-6
chain transfer agents, 278
chain-growth, 521-3, 525, 527
crosslinking, 278
depropagation, 280
free radical, 275, 519-520, 526-7,
530, 576-7
high temperature, 277, 280
initiators, 276, 279-280, 285
ionic, 285
metathesis, 520-523, 525
photo, 520-521, 523, 525
proton-transfer polymerization,
569, 571
rate
in bulk or solution, 258—-263
in dispersion, 305
in emulsion, 297, 301
in microemulsion, 304
in miniemulsion, 304
ring-opening, 525, 531, 569, 571,
574, 577-8
ring-opening multibranching
polymerization, 571
self-condensing ring-opening
polymerization, 569, 571
self-condensing vinyl
polymerization, 569-571
solid state, 281, 283
step growth, 280, 281, 526-7,
559, 561, 563, 567, 569,
571
transesterification, 281, 283

Polyoxymethylene, 516
Polyphenylene, 569
Polyphosphazenes, 54



Polypropylene
additives, 225-7, 230-231, 233,
235-8, 241-3

blends, 507, 516
characterization, 358, 360-361
composites, 432-3
coordination polymerization, 88,
90, 92-3, 411
general, 5, 8, 12—13, 85-6, 426
in natural fiber composites, 495-6,
498-500
injection, 457
isotactic, 87, 391
kinetics mathematical modeling,
96
microscopy of blends, 414
modified or grafted, 205, 211-4
nanocomposites, 585, 591-4
syndiotactic, 87, 89-90
Tg, 429
Thermoforming, 460
Polypropylenimine, 563
Polysilanes, 53
Polysiloxanes, 46, 53, 243, 321, 410
Polystyrene, PS
anionic polymerization, 132, 147,
149-152, 155-6
blends, 414, 417, 507, 513, 516
branched, 411
cationic polymerization, 168, 172
controlled radical polymerization,
308
dendrigraft polymer, 410, 575-6,
578, 581
emulsion polymerization, 298
expandable (EPS), 306
for film and ribbon extrusion, 467,
470-471
for ion exchange resins, 306
form factor (light scattering), 374
fungal attack, 498
general, 5, 8, 9, 12—-13, 68,
207-8, 241, 243, 262, 273,
276-17, 285, 356
high-impact polystyrene (HIPS),
207-9, 212, 278, 306, 516
microreactors, 330
MWD measurement, 361
nanocomposites, 585
SEC columns, 355
SEC standards, 359-360
segments in thermoplastic
elastomers, 574
SIS copolymer, 418

spin coating, 486
sulfonated, 549
suspension polymerization, 306
syndiotactic polystyrene, 86—7, 90,
92
synthesized in supercritical fluids,
321, 323
Polysulfones, 285, 516
Polyurethanes, PU, 8§-9, 11, 13,
46-17, 50, 52-3, 165, 191, 210,
216, 273, 328, 417-8, 495, 516,
519, 526, 528, 569, 585, 600
Pom-pom, 579
Pot life, see Shelf life, 528-9
Powder coatings, 524-5, 528, 531-2
PP see Polypropylene
Preform in polymer processing, 455,
528
Preforms, 524
Prepregs, 525
Pressure (reactor), 276, 290
Primary chains, 190, 192, 200—-202
Productivity, 258, 263
Propagation reaction step, 254—6,
258-262, 264-5, 267, 269
Pseudo-homopolymer approach, see
Pseudokinetic Rate Constant
method
Pseudo-kinetic rate constant method,
PKRCM, 255-6, 264-5
Pultrusion, 527

Quasi-steady-state approximation
(QSSA)
definition, 73
in Mayo-Lewis equation, 108, 110
in polymer reaction engineering,
256, 259

Radiation-cured coatings, 527, 531
Radical lifetime, 258
RAFT see Reversible
addition—fragmentation chain
tansfer polymerization
Rate constant, see Kinetic rate
coefficient
Reaction injection molding, RIM, 8,
527-530
Reaction mechanism
definition, 252
for free radical polymerization,
254
for LCB, 260
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for multicomponent
copolymerization, 256
for transfer to polymer, 255
Reaction rate expression, 252—3
Reaction-diffusion, 263
Reaction-induced phase separation,
RIPS, 525, 528
Reactive blending, 509
Reactive sites
active center, 266
active sites, 258
dormant center, 266
poisoning, 266
Reactivity ratios
anionic copolymerization,
148-150
Arrhenius-type equation, 119
definition, 108
estimation, 114, 260
pseudoreactivity ratios, 112, 255,
256
values, 109, 148
Reactor, 252
autoclave, 275, 287
batch reactor, 252—4, 259,
260-261, 263, 274, 277
continuous stirred tank reactor,
CSTR, 252, 261, 263, 274,
276-8, 281, 283, 287-8
loop, 275, 287
molds, see also casts, 275-6, 279
polymerization reactor, 252
semibatch reactor, 256, 260, 261,
274, 279
series of reactors, 274, 281, 289
size, 276
tubular reactor, 252, 256, 263,
275-7, 281, 289
Reinforced reaction injection
molding, RRIM, 532
Relaxation time, 16-20, 2831, 33,
35-7
Residence time, 276
Resin transfer molding, RTM, 527
Resins, 46, 47, 55-7, 59-60
Retardation effect, 258
Reversible addition—fragmentation
chain tansfer polymerization
characterization of polymers
synthesized by, 352
copolymers, 107
crosslinking, 199
degree of polymerization, 81
grafting, 207-8, 211, 214-5, 217
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Reversible addition—fragmentation
chain tansfer polymerization
(Continued)

in aqueous dispersions, 309
in microreactors, 330
microwave process, 328
molecular weight distribution, 81
Rheological properties of
nanocomposites, 592-3, 595,
597
Rheological properties of polymer
blends, 514
Rheological properties of polymers,
4, 10, 71, 419, 437, 468, 482
Rotational molding (rotomolding),
451, 458, 459, 529
Rubber, 505, 511, 513-5, 517
Runaway, 263

SAN, see Styrene-acrylonitrile
copolymer
Saturated polyesters, 532
SBR, see Styrene-butadiene rubber
copolymer
SBS, see Styrene-butadiene-styrene
block copolymers
Scattering, 510, 514, 515
Scission, 201, 262, 277, 280
Second virial coefficient, 373, 477,
480, 576
Seemann composite resin infusion
molding, SCRIMP, 532
Self-branching, 579
Self-healing, 530, 531
Semicontrolled structure, 559, 574
Semidilute polymer solutions
Blob model, 481
scaling theory, 482
SFRP see Nitroxide-mediated radical
polymerization
Shape-memory, 529
Sheet molding compound, SMC, 528,
530
Shelf life, see Pot life, 531
Shrinkage, 522
Silicone, 525
Single-monomer methodology, 569
SIS see Styrene-isoprene-styrene
block copolymers
Size exclusion chromatography,
259-260, 338, 355-362, 365,
443, 479-480, 552
branching measurement, 361
calibration, 359

detectors, 358-9
equipment, 358-9
high-temperature, 360—361
principles, 3567
sample preparation, 361
universal calibration, 359
Sol, see also gelation, 263
Solid-phase synthesis, 59, 61
Solubility parameter
general, 365, 425, 426, 477-8, 507
Hansen solubility parameters, 478
Hildebrand solubility parameter,

477
Solution polymerization, 258,
260-261, 263
Solvent, 258, 260-261, 263, 267-38,
269, 273, 277

Solvent-borne coatings, 519
Spin-lattice relaxation time, T1, 194
Spin-spin relaxation time, T2, 194
Spray-up process, 523
Stable free radical polymerization,
see Nitroxide-mediated radical
polymerization
Star-branched, 579
Star-burst®, 563
Starlike, 5767
Static light scattering in dilute
polymer solutions
apparent molecular weight in
copolymers, 371-2
branched polymers form factor,
375-6
Einstein—Smoluchowski
fluctuation theory, 370
form factor, 373, 375-6, 379, 381
Kirkwood and Goldberg theory,
370
molecular weight determination,
370-372
osmotic pressure, 370-371
preferential sorption effects, 372
radius of gyration, 374
spherical thin shells form factor,
376
virial coefficients, 371
worm-—like micelles, 376, 378
Zimm plot, 374
Stationary state hypothesis, see
Quasi-steady-state assumption
Statistical theories
Flory’s theory, 195-6, 199
mean-field theory, 195, 197-9
Staudinger, 527, 531

Steady-state operation, 252, 274
Steady-state viscosity, 193
Step-growth polymerization, 9-10,
43-63, 106, 187, 191, 195, 201
Storage modulus, 193-4, 431, 523,
588-9, 592, 600
Structural reaction injection molding
(SRIM), 525-7, 532
Structural units, 568
Structure, 425
chemical, 426
macromolecular, 425
molecular, 428
Styrene maleic anhydride copolymer,
SMA, 13, 113
Styrene polymerization
heat effects in, 263
termination, 262
transfer to monomer, 262
Styrene-acrylonitrile copolymer
3D microscopy, 419, 420
abbreviation, 13
blend with ethylene-
propylene-diene-monomer,
517
blends, 517
characteristics, 106
energy-filtered transmission
electron microscopy, 415
grafting, 209, 210
light stabilizers, 233
Mark-Houwink-Sakurada
constants, 364
production process, 277, 306
reactivity ratios, 109
Styrene-butadiene rubber copolymer
abbreviation, 13
anionic polymerization, 128, 146,
149
characteristics, 105
effects of light stabilizers in, 236
GPC characterization, 361
grafting, 208, 211, 212
Mark-Houwink-Sakurada
constants, 364
reactivity ratios, 109
solution process, 285—-6
Styrene-butadiene-styrene block
copolymers, 13, 211-2, 227,
286, 361
Styrene-isoprene-styrene block
copolymers, 13, 211-2, 286,
418-9
Substitution effect, 529



Substrate, 519-520, 524, 527-8, 532,
559, 561, 574-8, 580
Summation operator, 255
Supercritical carbon dioxide
copolymerization, 321-2
crosslinking, 322
homopolymerization, 321
mathematical modeling, 321-2
comparison, 321
MMA, 321, 323
TFE/Vac, 321
vinyl/divinyl monomers, 322
polymerization, 206, 212, 321
properties, 320-321
Supercritical fluids
LCEP, 318
LCST, 318-320
phase equilibria, 317
UCEP, 318
UCST, 318-320
Surface modification
corona discharge, 206
electron beam, 206
gamma-rays, 206
ozone, 206
UV-irradiation, 206
Surfactant, 296
adsorption, 296
hydrophilic-lypophilic balance
(HLB), 298
in emulsion polymerization, 298
Kraft point, 297
specific area (as), 296, 300
types, 296
Suspending agents, 306
Suspension polymerization, 305—-8
advantages and disadvantages, 306
commercial resins manufactured
by, 306
generalities, 252, 261-3, 305-6
scaling up, 307
summary of studied CRP systems,
309
Swelling index, 188, 190—191, 194,
278
Synthesis, see Polymerization or
Synthetic strategies
Synthetic strategies
arm-first, 561
cascade, 560, 563, 565
convergent, 561-5, 570, 574,
578-9
core, 568
core-last, 561

divergent, 561-4, 566, 574-8, 581

grafting from, 574, 577

grafting onto, 574—6

grafting through, 578-9

noncore, 568

one-pot, 567-570, 573-4, 578-9,
581

semibatch, 578

stepwise, see also Polymerization,
559

Tack life, 519, 520, 522, 524,
528-532
Temperature
effects on disproportion
termination, 262
effects on limiting conversion, 259
effects on molecular weight, 261
effects on productivity, 258
effects on reactivity ratios, 260
effects on stereoregularity, 258
effects on transfer to monomer,
262
effects on transfer to polymer, 258
gradients of, 263
Temperature (reactor), 274, 2769,
281-3, 286
Temperature control
adiabatic temperature rise, 287
condensers, 276
cooling, 274, 276
heat exchanger, 276
isothermal, 276
self-accelerating temperature
(SAT), 288
Template, 573, 580
TEMPO,
crosslinking, 199
grafting, 212-216
in controlled radical
polymerization, 71, 72, 79
in suspension polymerization, 309
Terminal double bond, TDB
polymerization, 258, 259
Terminal model, 255-6
Termination reaction,
chemically controlled termination,
262, 255
diffusion-controlled termination,
259-261
Terpolymer, 105
Thermoforming, 451, 460, 461, 497
Thermoplastic polyurethane
elastomer, TPU, 516
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Thermoplastics, 437, 441, 442, 446,
519, 520, 523-5, 527-532
Thermoset, 530
Thermosetting polymers, 55, 524,
532
Theta conditions, 364—-365
Theta temperature, 477, 480
Thickening agent, 523
Tomalia, 560, 563, 567, 575-6
Topologies,
brush, 577
core-shell, 576, 577, 580
core-shell-corona, 580
cylindrical, 577
dumbbell, 579
spherical, 562, 576, 577, 581
Total transverse relaxation function,
M(t), 194
Toughening, 519, 520, 522, 525,
530-32
Transfer reaction step
chain transfer agent, CTA, 258,
263
effects of, 258
transfer to dimer, 269
transfer to initiator, 267, 269
transfer to monomer, 258, 259,
261, 262, 269
transfer to polymer, 254, 255,
258-265, 269
transfer to small molecule, T, 264
transfer to solvent, 269
Trommsdorff effect, 73-4, 259,
301-2

Ubbelohde viscometer, 362

UCST see Upper critical solution
temperature,

Ultraviolet radiation, 329

polymerization reactions, 329

Unimolecular micelle, 579-80

Unit cell, 15, 23, 391-2

Unsaturated polyesters, UP, 519, 521,
526

Urea polymers, 31, 46-7, 190, 191,
216, 239-240, 519, 520

Urea-formaldehyde polymers, 529

UV-curing, 529

Vacuum bag, 530-532
Vacuum-assisted resin transfer
molding, VARTM, 522, 525
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VDC/VCM, see Vinylidene
chloride—vinyl chloride
copolymer

Vinyl ester, 524-530

Vinylidene chloride—vinyl chloride
copolymer, 106

Viscoelastic behavior, 425,
429-431

melt, 425
rubber, 425

Viscometry, 441, 443

Vitrification, 523, 524

Vogtle, 560, 563

Volatile organic compound emissions,
VOC, 525-6

Volatile organic compounds, 317,
326-329

Vulcanization, 191-2, 200

Water soluble polymers,
280
Waterborne coatings, 526
Weight-average chain length, 6,
196-7, 200-202, 327
Weight-average molecular weight,
253, 255, 258-9, 261-2
Wet lay-up process, 528—9
Wire coating, 454-5

X-ray diffraction, 23, 25, 592
X-ray scattering,
correlation function, 399-400,
402-3
Debye’s equation, 404
diffraction intensity, 395
electron density
distribution, 400

fluctuations, 399-400
function, 393-4, 402
general, 391, 393, 398
Fourier transform, 394, 397-8,
400, 402, 405
interface distribution function,
402-3, 405-6
long period, see periodicity
Lorentz factor, 395-6
multiplicity factor, 395
periodicity, 395-7, 400-401,
405
polarization factor, 395
random orientation, 396
reciprocal space, 391, 393-7, 402,
405
scattering vector, 393, 394-5,
404



