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Absolute value, 101
Absorbents, 238
Absorption, 261, 264
Acetic acid, 165, 170
Acetylene, 309
Acid buffers, 116
Acidic species, intumescent systems, 136
Acidolysis, 166
Acid sites, 299
Acrolein, 1
Acrylonitrile, 199
Acrylonitrile-butadiene-sytrene (ABS)
-AO/OMT, 208, 218
characteristics of, 18, 20, 42, 119-120, 166,
208-210, 218, 225
-DB, 209, 216, 218
-DB-AO, 208, 210
-DB/OMT, 208, 216, 218
-OMT, 209-210, 218
/OMT/DB, 209
/OMT/DB-AO nanocomposite, 194—195,
208, 210
-OMT-TPP nanocomposites, 196
organoclay nanocomposites, 194
Additive(s)
anisotropic, 117
characteristics of, 10, 14, 20, 69, 83, 108,
110-111, 166-167, 206, 349, 384, 387

commercial, 193

halogenated, 191-228

loadings, 333, 341

in polymer decomposition, 115-116

intumescent systems, 133, 137, 142-143,

151

nanocomposite morphology, 115
Adsorption, 200, 239, 243-244, 254
Advanced technologies, 123
Aerospace applications, 385, 387
Afterglowing, 18, 269
Agglomerates, polymer-CNT, 96-98, 101-104
AlOy, 138
Aircraft safety, 375
Al(OH)3, 384-385
Alcohol groups, 201, 247, 256
Alignment, 5658, 244, 272, 385-386
Aliphatic(s)

bonds, 247

bromine, 10

characteristics of, 326

flame retardants, 7—8

linkings, 6

-polyetherimide layered-silicate

nanocomposites, 70
surfactants, 256
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Alkali cations, 46, 50
Alkyl
ammonium, 34, 165, 197, 222, 239-243,
329, 362, 364
-cationic surfactants, 35
phosphates, 136
-substituted triaryl phosphates (ArPs),
196
surfactant film, 33
Alloys, 387
Alumina trihydrate (ATH), 164, 174-176, 331,
345-346, 348
Aluminophosphates, 143, 145-146, 156—157
Aluminosilicates, 31, 34, 41, 139-141,
143144, 153, 200, 334
Aluminum
characteristics of, 132, 236
oxide, 269-270
oxide/hydroxide layers, 139
trihydroxide, see Aluminum trihydroxide
(ATH); Alumina trihydrate (ATH)
Aluminum trihydroxide (ATH), 7, 15-16,
18-21, 144, 168-169, 175, 261, 266
Amgard MPC, 337-338
Amides, 136
Amines/amine groups, 136, 223, 225, 260, 272,
342
3-Aminobenzenesulfonate, 256, 258, 264265,
270
Aminocarboxylate (12-aminolaurate), 265-266
Ammonium
cation, 223
pentaborate, 17
phosphate salts, decomposition of, 12
polyphosphate, see Ammonium
polyphosphate (APP)
salt-modified silicate (SBAN-400),
216-217
salts, 136, 214, 240-241
-treated clays, 248
Ammonium polyphosphate (APP)
characteristics of, 14, 19, 133-135, 138,
144-145, 166, 168, 193, 216-217, 266,
268, 272, 334, 337-340, 342, 34-346
-PAG6, 144, 147-148
/pentaerythritol, 339
-PER system, 133-134, 136—138, 143, 337,
340
Amorphous
carbons, 312
phase, intumescent systems, 137
Anaerobic pyrolysis, 116
Anhydrous alumina, 15, 18
Anion exchange capacity (AEC), 238

INDEX

Anionic clays
characterized, 237-239, 254, 256
combustion behavior, 266-271
epoxy nanocomposites based on, 255-266,
277-278
Anisotrophic
nanocomposite morphology, 112
nanoscaled particles, 123
Annealing, 39
Antiblaze products, 345-346
Antidripping agents, 123-124
Antimony
characterized, 196
-halogen reaction, 10
oxides, 69
pentoxide, 21
tribromide, 224
trihalide, 224
trioxide (AO), 10, 20, 192, 224
AP750, 133-134
Apolar polymers, 33, 35
Aqueous copolymeric emulsions, 331
Arc discharge, 177
Aromatic(s)
esters, 133
flame retardants, 7—8
fusion of, 6
groups, 6, 18
phosphate esters, 12
phosphates (ArP), 193, 199, 214-215, 217,
227
polybrominated, 192
rings, 10
Aromatization, 6, 10, 248
Aspect ratio, 54, 57-58, 236-237, 361
Assessment methodology of nanocomposite fire
behavior
differentiated analysis of fire properties,
121-123
fire scenarios, types of, 123-124
ASTM standards
D2863, 4
D6113, 4
E1354, 169
Atomic force microscopy (AFM), 55, 370
Atomic hydrogen, 9
Automotive fire safety, 132, 375, 379

Back-coatings, 20, 331, 343-344
Barrier(s)
effects, 223, 227, 265-266
formation, 107-108, 112-113, 117-121,
227-228
to heat flux, 5
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layers, 124
properties, 56—60, 164
Basal reflection, 42, 44
Batch processes, 40-41, 363-364
Bending, 164
Benzyl chloride groups, 197
Benzyldimethylamine (BDMA), 246-247,
251
Benzyl(hydrogenated tallow alkyl)dimethyl
quarternary ammonium-modified
montmorillonite, 275
Benzyltetrahydrothiophenium, 253, 255
Bifunctional epoxies, 247
Biodegradability/biodegradation, 23, 60
Bis-A/novolac, 276
Bisphenol A diglycidyl ether, 108
Bis(2-hydroxyethyl) ammonium
montmorillonite, 249-250, 253, 264, 266
methyl tallow alkylammonium, 246
Blowing agents, 136, 270
Boiling temperature, 223
Boltzmann distribution, 93
Bond angle and distance, 91
Borates, 16—18, 136
Boric acid, 134-136
Boron compounds, 16, 18
Borophosphate, 155
Borosiloxane elastomer, 138, 154
Brabender mixer, 151, 165
Bragg peak, 111
Brominated
compounds, organic, 164
epoxy oligomers, 20
esters, 21
flame retardants, 8, 22
resins, 277
Bromine, 7, 10, 200, 216. See also Brominated
Bubbling process, 113, 135-136, 167, 223,
225, 236, 302, 313-314
Bulk polymers/polymerization, 47, 135, 204,
331-335, 357
Bundle design, 184-186
Burning, see Fire; Flame; Ignition
behavior, 71
time, 109-110, 118, 120, 335, 343
Butyl, 34
By-product migration, 223

Cable
coaxial, 175-176
sheathings, 331, 348
Calcium carbonate, 10
Candlelike combustion, 207
Caprolactam, 69, 81
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Carbodiimides, 201, 272
Carbon
black (CB), 307-309
characteristics of, 132, 269-270
char-silicate layer, 113
dioxide (CO,), 10, 123-124, 149, 214, 226,
266, 269-270
nanofibers (CNFs), 286, 311-315, 375
nanotube, see Carbon nanotube (CNTs)
silicate structures, 251
Carbonaceous, generally
char, 115-116, 201, 223, 225, 292
residue, 269
-silica shield, 223, 336
structures, 201, 248
Carbon-carbon bonds, 143, 380
Carbonization
agents, 147
process, 136
Carbon monoxide, see CO
Carbon nanotube (CNTs)
bundles, 91-92, 94, 97
-CNT interactions, 94, 101
general properties of, 32-33, 41-42, 49, 55,
78, 83, 89-91, 132, 164, 167, 177,
299-315, 356, 372, 375, 377
LDPE compounds, flammability of, 179,
181-182
molecular mechanics, 92—-93
multiwalled, see Multiwalled carbon
nanotubes (MWCNTS)
-polymer interactions, 94
purification of, 177
synthesis, 177
Carcinogens, 22
Carpets, latex backcoatings, 20
Catalysis/catalytic effects, 7, 15, 19, 83, 124,
138, 177, 223-224, 227, 236, 238, 240,
270, 273, 309
Catastrophic fire razing, 131
Cation(s)
characteristics of, 138, 140, 363
clays and, see Cationic clays
exchange capacity (CEC), 36, 238, 255
Cationic clays
characteristics of, 237
combustion behavior of polymeric
nanocomposites, 251-255
epoxy nanocomposites based on, 244255,
277
thermal decomposition of polymeric
nanocomposites, 248-249
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Cellulosic materials, 11-12, 16—17
Ceramics, 132, 235, 238, 277, 336
Chain-end scission, 6
Char/charring
carbonaceous, 69-70, 79-80
fire retardancy mechanisms, 112
formation stages, 6, 10, 12—13, 113-115,
134-135, 193, 223, 227-228, 267, 307,
335, 345, 381, 385
-former agents, intumescent systems, 136,
144-146
intumescent systems, 134—135
mechanical stabilization of, 117118
polymers, 167
promotion sources, 7
pyrolysis residue and, 71
reinforcement of, 124
-silicate surface layer, 114
sources of, 69
strength, 151, 155
structure, 19
yield, 5, 69
Charge density, 241-242
Chemical(s), see specific chemicals
corrosive, 236
decomposition, 116
reactions, intumescent systems, 136
toxic/toxicity, 22, 236
tubes, thermal- and plasma-enhanced
vapor-growth deposition, 299
vapor, 305
China clay, 139, 141
Chirality, 94
Chlorinated paraffin (CPW), 196
Chlorine, 7, 13
Chloroalkyl phosphates, 14
Chlororganophosphates, 11
Cigarettes, smoldering, 5
Circular fillers, 57
Clay(s)
-char, 72-73, 76
characteristics of, 132, 237
dispersion, 78, 108—109
intumescent systems, 144—145
in nanocomposite morphology, 113
modified, 116
nano-dispersed montmorillonite, 132
organically modified silicate, 113-114
organo-modified, 157
-rich nanocomposites, 379
sheets, 223, 226, 237, 381
surfactants, 215
synthetic, 165
types of, see specific types of clays

INDEX

Cloisite clays, 273, 275, 326, 328, 331-332,
338-341, 345-346, 348
CO
characteristics of, 1-2, 5, 164, 252, 276, 299
production, 207, 318
release, amount of, 213-214
yield, 172
Coadditives, 192, 224
Coatings, 134-136, 140, 142, 155-157, 331,
343-344. See also Back-coatings
Cobalt, 309
Coherent structures, 143
Cohesive energies, 91
Coking, 69
Colloidal particles, 384-385
Combinatorial entropy, 94
Combustion, 5-6, 112-113, 115, 123-124,
133, 193, 251-255
Combustion gases, 22
Commercial/commercialization
clays, 326-327, 341
hurdles, 357-358, 377-379
polymers, flame retardant mechanisms, 7—8
Commodity polymers, 20
Compatibilizers, 90, 105, 111-112, 359
Complex nanocomposite morphology, 112
Composites, 344—347
Compounding, 169
Compression, 38, 164
Computer monitors, 2
Concentration, significance of, 40
Condensation/condensation phase, 7, 10—11,
20, 115, 137, 153, 223-225, 227, 247,
252, 257, 261, 310, 381, 383
Cone calorimeter measurements, 179
Cone calorimetry tests
applications, generally, 4, 122, 138, 167,
169, 208-216, 331, 346, 382-383
barrier effects, 120
combustion of polymeric nanocomposites,
266-268
epoxies, 251, 254, 267
films, fibers, and textiles, 335
flammability performance, 21, 315-316, 382
halogenated flame retardants, 206
intumescent systems, 132—133, 138, 149,
153155
macroscale techniques, 372
nanoscale oxide-based nanocomposites,
292-293
organoclays, 171-175, 184—185
polymer-clay nanocomposites, 81
polystyrene nanocomposites, 69—70
polyurethane nanocomposites, 273
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thermoset fire retardant nanocomposites,
270-271
vinyl ester nanocomposites, 276, 347
viscosity, 117-118
Confocal microscopy, 317
Construction industry, 134
Consumer Products Safety Council (CPSC), 2
Cooling, 117
Copolymers, 168, 344
Copper, 153
Corrosion
corrosive chemicals, 236
corrosive gases, 374
corrosiveness, 210
Cost of fire, 2
Cost-performance trade-off, 20
Cotton fabric, 344
Cresyl diphenyl phosphate, 193, 196. See also
Tricresylphosphate (TCP)
Cross-links/cross-linking, 6, 10, 15, 19, 38, 56,
81, 225-226, 237, 241, 243, 274-276,
288, 291, 294, 318, 359
Crown ethers, 329
Crystalline phosphates, 19
Crystallinity, 47
Crystallization, effects on
amorphization by filler, 46
general, overview, 47-49
heterogeneous nucleation by fillers,
46-48
new crystal structures, development of,
45-46
one-dimensional nanofillers, 49—-50
Crystic 471 PALV, 345
Curing
agents, 241-244, 260
kinetics, 240
Cussler-Aris relations, 57
Cyanate ester clay, 367
Cyanuric acid, 15
Cyclic(s)
organophosphate, 340
phosphate, 337
Cycloaliphatic
epoxies, 253, 255
flame retardants, 7—8

Data collection methods, 367—-368
Deacetylation, 165
Decabromodiphenyl (DB)

-AO, 208, 217, 224-225

DBDPO, 217

oxide, 20, 192, 224
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Decomposition
fire retardancy mechanisms, 112-116, 214,
327
intumescent systems, 145—146
kinetics, 228
nanocomposite morphology, 112-113,
115-116
pathways, 124
stages, 227
three-step, 116
two-step, 116
Deformation, 117
Degradation processes, 201, 328, 362-363,
365, 372, 381, 384
Degrees of freedom, 102
Dehalogenation, 10
Dehydration, 15, 265
Dehydrochlorination, 6
Dehydrogenation, 7, 224
Dehydroxylation, 328
Delamination, 108—112, 256, 366
Demixing, 112-113
Density/densities, 91, 101, 111, 239, 245, 276,
327
Depolymerization, 143, 201
Derakane 411-350, 275
Devolatization, 360
Dextrins, 136
Diameter, polymer-CNT composites, 94, 96,
98, 103-104
4,4'-Diaminodiphenyl sulfone (DDS), 260
Diammonium pyrophosphate (PY)/PER
systems, 142
Dibenzofurans, 22
Dibromostyrene (DBS), 332-333
Dichloromethane, 272
Dicyandiamide, 136
Dielectric constant, 370
Differential scanning calorimetry, 15-16,
46-47, 49
Diffraction, 259, 366-368
Diffusion, 5, 113, 236, 240, 250-251, 260,
274-275
Diglycidyl ester of bisphenol A (DGEBA)
systems, 239-241, 243, 246-247,
249-252, 255-257, 260-261, 264265,
270
Diglycol, 198
9,10-Dihydro-9-oxa-10-phosphaphenanthrene-
10-oxide (DOPO), 250
Dimers/Dimerization, 136, 201, 272, 316
Dimethyl di(octadecyl) ammonium
(DMDODA), 364
Dimethyldistearylammonium, 169, 329, 331
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Dimethylformamide (DMF), 300
Dimethyl hydrogenated-tallow
(2-ethylexyl)ammonium montmorillonite,
250
Dimethyl-n-hexadecyl-4-vinylbenzylammonium
(VB16), 332
Dimethylhexadecylamine, 197
Dimethylhexadecylimidazolium (DMHDIM),
329, 364
Dimethylsiloxanes, 18
Dioctadecyl, 34
Dioctyl sulfosuccinate LDH nanocomposites,
256
Dioxins, 22
Dipentaerythritol-melamine phosphate,
345-346
Diphenyl 4-vinylphenyl phosphate (DPVPP),
197, 203, 215
Direct-current arc discharge, 299
Discotic liquid crystals, 111
Dispersion
barrier effects, 59
carbon nanotubes, 300-302, 305
characteristics of, 37-39, 330-331,
344-345, 369-370, 373
clays, 237, 240
foams, 347
graphite oxide, 297
halogenated additives, 219
nanocomposite morphology, 316—-317
oligomeric silsequioxanes, 294
polymer-carbon nanotubes, 94
research trends, 355-365, 382, 385,
387-338
Dissociation energy, 91
Distance, polymer-CNT composites, 98
Distorted polymers, 94
Distribution, fire retardancy mechanisms,
108-110, 112
Divalent metals, 19
Dodecyl sulfate-modified LDH, 266
Donor-acceptor interaction, 33
Double bonds, 6, 10
Downward-burning materials, 207-208
Dripping, 117-118, 124, 132, 137, 165, 236,
274, 372, 383
Dryng processes, 109
d-spacing, 38, 244, 246-247, 256-257,
259-260, 274-275
DTA, 327-328
DTA-TGA, 345
DuPont, 69
Dynamical mechanical analysis (DMA), 261,
246-247

INDEX

Eco-friendly approaches, 124
Ecological issues, 124
Effective filler, 54
Elastomeric products, 15
Elastomers, 14, 16, 52
Electric products, 121
Electrical enclosure applications, 332
Electrochemical reactions, 238
Electromagnetic properties, 375, 387
Electron(s)
conductivity, 41-42
de Broglie wavelength, 31
density allocation, 111
diffraction, 297
-withdrawing effect, 11
Electronic environment, 2, 121, 132
Elongation, 168
Emulsion, 357
Endothermic decomposition/dissociation, 7, 115
Energy transfer, 228
Engineering plastics, 20, 196
Enthalpy, 34-35, 99, 103, 359
Entropy, 90, 93-94, 99
Environmental concerns, 192, 377
Environmentally friendly flame retardants,
22-23
Environmental requirements, 22—-23
Epoxide monomers, 241-242
Epoxy/epoxies
anionic clays, see Epoxy nanocomposites
based on anionic clays
-APP formulation, 266, 269-271
bifunctional, 247
brominated, 20
cationic clays, see Epoxy nanocomposites
based on cationic clays
chains, curing agents, 241-244
characteristics of, 108—109, 237, 247,
251-253, 268-269
-clay nanocomposites, 240
decomposition, 116—117
glass, 245-246
-graphite composites, 296—-297
-LDH1/LDH2, 266-270
-magadiite nanocomposite, 247
matrix, 358
methacrylate, 264
-MMT1/MMT?2, 266-270
morphology, 119, 121
nanocomposites, see Epoxy nanocomposites
neat, 247-248, 264-265
polyfunctional, 267
resins, 6, 8, 18, 108—109, 122, 196, 247-248
thermal decomposition, 247-251
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thermal stability, 249-250
Epoxy nanocomposites based on anionic clays
characterization of, 255-256, 261, 277
combustion behavior, 266—-271
preparation procedures, 256—260
thermal decomposition, 261-266
Epoxy nanocomposites based on cationic clays
characterization of, 244-247, 277
combustion behavior, 251-255
preparation procedures, 240—244
thermal decomposition, 247-251
Equipment damage, 192
Escape time, 2, 163-164
Esterification, 156
Ethylene-butyl acrylate-maleic anhydride
terpolymer, 138—-139
Ethylene-co-vinyl acetate (EVA)
-APP/PA6, 149-150, 154
-APP/PA6-NPSi, 150, 152
-APP/PA6-0O, 149-150, 152
-APP/PA6-OLDH, 150
-ATH-organoclay composition, 175-176
characteristics of, 165, 331, 348
matrix, 334
-MDH-zinc borate-talc, 167
-MNWT, 310-311
organoclay-based, see EVA/organoclay-based
nanocomposites
EVA/organoclay-based nanocomposites
flammability properties of, 171-173
processing and structure of, 169—170
thermal stability of, 170—-171
Ethylene glycol, 38, 256
Euroclasses Blca/B2ca/Cca/Dca, 173
Europe
cable flame tests, 186
halogen-containing flame retardants, 22
European Chemical Industry Council, 2
European SBI, 121
European Union
commercialization hurdles, 192, 377
fire and environmental regulations, 373, 375
Evaporation, 196
Excess enthalpy interactions, 35
Exfoliated ordered/disordered, defined, 112
Exfoliation
-adsorption process, 243—245
anionic clays, 256
barrier effects, 118
carbon-based nanocomposites, 297
cationic clays, 241-243, 250-252
future trends, 356, 382, 385
halogenated additives, 219, 222-223, 228
in situ polymerization and, 199
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nanoscale analysis techniques, 368—371
nanostructured morphology, 108-112, 118,
194-196
organoclays, 165
polymer nanocomposite analysis, 359,
365-366
system application requirements, 326
Exothermic, generally
decomposition, 263-264
enthalpy, 92
neutrality, 104
reactions, 9
Extinction, 1, 163, 276
Extragallery polymerization, 240, 242-243, 260
Extrapolation studies, 123
Extrusion, 39, 107, 112, 143-144

Fabrics, 334. See also specific types of fabrics
Failure temperature, 134
Fatalities, demographic studies, 2
Federal Aviation Administration, 375
Federal Motor Vehicle Safety Standard 302
(FMVSS 302), 375
Feedback, thermal, 119
Fibers, 334—-343. See also Nanofibers
Filler(s), see Nanofillers
aspect ratio, 57-58
-filler separation, 43
inert, 113-115, 124
Films, 334-343
Fire, generally
behavior of, see Fire behavior of
nanocomposites
codes, 379
death/fatalities, mortality rates, 164
doors, 121
growth index (FIGRA), 121-124, 345-346,
383
hazards, 1, 163—-164
penetration, 121
risk, 163—-164, 374, 382, 385
safety standards, 132, 228, 375, 379
scenarios, 108
tests, 108. See also Cone calorimetric tests;
UL-94 tests
Fire behavior of nanocomposites
assessment of fire retardancy, 121-125
barrier for heat and mass transport, 113,
118-121
decomposition and permeability, 115-116
inert filler and char formation, 113-115
viscosity and mechanical reinforcement,
117-118
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Flame
inhibition, 115, 117-118
propagation rate, 9
retardancy, see Fire retardancy
spread, 1, 22, 108, 120-124, 163, 165, 344,
375, 378, 383
synthesis, 299
zone, 20, 116
Flame retardancy
general mechanisms, 7
highly dispersed flame retardants, 20—-22
polymetric materials, 2
selection criteria, 20
specific mechanisms, 7-20
Flame retardant nonhalogen (FRNH) cables,
176
Flammability, generally
cone calorimetric test, 206, 208-216
fundamentals of, 379-383
implications of, 108, 121-124
LOI and UL-94 tests, 207-208, 216-222
performance materials, 379
properties, significance of, 206—208
reduction mechanism, 379
research studies, see Flammability research
tests/testing, 3—5, 118, 120
Flammability research
commercial hurdles, 357-358, 377-379
fire and environmental regulations, 373-376
future outlook, 383—-388
importance of, 355-356
nanoparticles, current environmental health
and safety status, 376
Flashover, 164
Flory-Huggins theory, 35, 92
Fluorescence, 370
Fluorinated flame retardants, 7
Fluorinated synthetic mica (FSM), 78-79, 197,
220-221
Fluorohectorites, 34, 165, 197, 241
Fluoropolymers, 164
Foaming processes, 378
Foams/foamed materials, 5, 347—-348, 378
Force field, 90, 102
Forced flaming, 124
Fracture, 164
Frederickson-Bicerano equation, 57
Free energy, 35, 90, 99
Free radicals
chain-terminating agents, 224
characteristics of, 136, 143, 360
FTIR, 257, 264
Fuel
gas, 224

INDEX

release, 385
vapor, 223
Functional groups, 90, 94, 328-329, 336, 338,
359
Furniture, nonflame retardant, 22
Future research directions, 22, 60-61,
348-349, 383-388

Gamma-irradiated high-density (HDPE)/EVA
nanocomposites, 165
Gas(es)
escape, rate of, 83
permeability, 115
phase, 7, 115, 117, 223-225, 227, 270, 307
pressure, 137
trapped, 137
Gas chromatography/mass spectroscopy
(GC-MS), 81-82
Gasification
implications of, 69-70, 76, 80
test, 288, 302-305, 308, 310, 313
Gels, 236
Gene therapy, 238
General Motors, 68
Glass, 19, 117, 217
Global dispersion, 365
Glow wire test, 117
Glycerin, 198
Grafting densities, 36
Graphical assessment methodologies, 122—123
Graphite, 6, 10, 41, 91, 103, 286
Graphite oxide (GO), 295-299
“Green” labeling, 2

Halides/halide ions, 136, 329
Haloalkyl phosphates, 136
Halogen bombs, 9
Halogen-free systems, 18, 107, 123, 236,
277
Halogen/halogenated flame retardants, 7—11,
19, 20, 22, 70, 192-193, 210, 216,
224-225, 345, 374, 378
Halogen radicals, 10
Halpin-Tsai model, 52
Hamaker contants, 34-35
Health threats, 192
Heat
absorption, 122
barriers, 134
capacity, 93, 101, 117
combustion, 116
constant, 116
dispersion, 18
distortion temperature, 20, 236
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exposure, 5
flux, 123, 133-134, 141, 172-174, 179,
209-211, 213, 254, 270, 336
insulation, sources of, 15
release, amount of, 1, 163. See also Heat
release rate (HRR)
shield, 289
transfer, 79, 115, 135-136, 151-152, 223,
227
transport, 113, 118-121
Heat release rate (HRR)
carbon-based nanotubes, 179, 182—185,
297-298, 300-303, 306, 311-312, 318
char formation, 114-115
composites, 344
in differentiated analysis, 121-122
epoxy nanocomposites, 251-253, 268-269
EVA/organoclay-based nanocomposites, 172
films, fibers, and textiles, 336
flammability properties and, 206, 212,
214-215
halogenated nanocomposites, 208-216
intumescent systems, 147, 150, 208-216
nanocomposite morphology, 108—114,
118-119, 123
nonintumescent additives, 226-227
organoclays, 163, 169, 172—173
oxide-based nanocomposites, 286-287, 290,
292-295
polymer-carbon nanocomposites, 89
polymer-clay nanocomposites, 81, 83, 355
polymer nanocomposites, 379
polystyrene nanocomposites, 69—-71
significance of, 1, 4-5, 21, 110-111,
315-316
thermoset fire retardant nanocomposites, 236,
264
transport, 118
vinyl ester nanocomposites, 277-278
Heat-sink mechanisms, 115
Heavy metals, 377
Hectorite, 237. See also Fluorohectorites
Helium, 170
Heterochain polymers, 11
Heterocyclic groups, 6
Hexadecyltrimethylammonium
bentonite, 255
bromide, 194
chloride-modified montmorillonite, 273
silicate, 253-254
Hexadecyltriphenylphosphonium
bentonite, 255
phosphonium silicate, 253-254
Hexaflurophosphate salts, 329
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Hexahydrophthalic anhydride, 261
High aspect ratio fillers, 31-32, 58
High-energy mixing, 104
High-impact polystyrene (HIPS), 8, 20, 120,
166
High-pressure carbon monoxide (HiPCo), 299
High-resolution electron microscopy (HREM),
195, 198
High-shear-rate/high-temperature extrusion, 37
High-thermal-stability epoxies, 249-250
High-throughput processes, 330
High-valency metals, 19
Histograms, 287
Hoffman-Weeks plots, 47
Hofmann elimination, 223, 248, 360, 362
Horizontal burning tests, 166
Horizontal combustion, 14
Hot polymer, 10
Hot radicals, 9
Hot zone, 146
Hybrid cars, 375
Hybrid materials, 32, 43, 60, 132, 387
Hydrocarbon(s)
characteristics of, 9
fire heating curve, 135
oxidation of, 18
polymers, 14
Hydrochloric acid, 309
Hydrogen
abstraction, 166
bonding, 45, 52, 55, 380
bromide (Hbr), 224
chloride, 1, 17
cyanide, 1
halides, 9-10, 374
storage, 177
Hydrotalcite-like compounds (HTlcs), 237
Hydroxides, 20, 32, 334, 387
Hydroxybenzenesulfonate, 256
Hydroxyl groups, 9, 12, 40, 165, 253, 255, 347,
380
Hydroxy radicals, 9, 227

Ignitability, 1, 5, 108, 121-122, 124, 163
Ignition

delay time, 315

sources, 2-3, 22

tests, 318

time of, 70, 81, 116

time to, 5, 120, 122, 149, 172, 206, 252, 273,

299, 310, 316, 332, 335, 343, 381-382

Imidazolium, 248, 329, 360, 363-364
Immiscible material, 365, 372
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Immobile molecules, 93
Imperial Chemical Industries (ICI), 68
In situ polymerization, 40—41, 68, 81, 90, 109,
193, 198-200, 240, 243-244, 256, 286,
296-297, 326, 347, 356—-360
Incombustible residue, 123
Incompressible fluids, 136
Industrial applications, 357. See also specific
industries
Inert additives, 108
Inert fillers, 113-115, 118, 124
Inert gases, 10, 347
Information technology equipment (ITE),
373-374
Infrastructure elements, 132
Injection molding, 39, 107, 112, 363, 368, 386
Inorganic(s)
acids, 136
additives, 200
clays, 381-382
fillers, 41
hydroxides flame retardants, 15—16
ions, 360
nanocomposites, 31
Insoluble additives, 20
Insulated wires, 186
Insulators, 299
Intensity of fire, 163
Intercalation, 108—110, 112, 194-200, 220,
223, 228, 236-237, 239-241, 244,
251-252, 257, 259, 267, 269, 272, 275,
326, 365-366, 370-371, 381-382
Interchain aminolysis, 166
Interfacial coupling, 50, 53-56
Intergallery polymerization, 260
International cable fire test
IEC 60332-3-24, 174-175
IEC 60950 test, 2—-3
International Standards Organization (ISO)
standards, 4
Intragallery polymerization, 240, 275
Intumescent systems
additives, 193
basics of, 13, 132—138, 164, 334
char resistance, 153
coatings, 14
defined, 133
nanocomposite morphology, 117118
nanofillers in, 147—-153
in polymer nanocomposites, 143—-147
recent advances in, 153-157
two peak, 134
zeolites in, 138—-143
Iodine, 7
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Ion exchange, 165, 197, 200, 237, 256257,
329, 358

Ionic conductivity, 164

Ions, see specific types of ions

Iron, 309

Irradiances, 119-123

Isocyanates, 201, 271-272

Isoprene, 69

Isopropylphenyl diphenyl phosphate, 193, 196

Jacketing compounds, 168

Japan, see Pacific Rim
halogen-containing flame retardants, 22
manufacturing standards, 2—3

Jeffamine D230, 260

Kabelwerk Eupen AG, 331, 348, 378

Kenyite, 370

Kinetics, impact of, 36, 39-40, 46, 92-93,
104, 111-112

Kneading, 39

Laboratory flammability tests, 3—5. See also
Flammability, generally; Cone calorimetry
tests

Labyrinth effect, 236

Lamellar talc, 167

Large-scale evaporation distillation, 360

Laser ablation, 177, 299

Lattice, hexagonal, 92, 99

Lauryl acrylate oligomer systems, 363

Layered double hydroxides (LDHs), 41, 132,
147-148, 151, 157, 166, 236-239,
255-258, 260-262, 360, 370, 384

Layered silicate-polymer nanocomposites,
112-113, 115-118, 121-123

L/D ratio, 365

Legislation, fire and environmental, 131-132,
375

Length scales, 121

Lethality, sources of, 1-2. See also Fire deaths

Lewis acid-base interaction, 33

Lewis acids, 20

L44 PA, 331

Life-cycle assessment model, 22

Lifschitz-van der Waals (LW) interactions, 33

Limiting oxygen index (LOI)

assessment techniques, 120, 122-123
clays, 251

coating, 343-344

composites, 344

films, fibers, and textiles, 337-343
flammability properties, 207-208
future directions for, 383

highly dispersed flame retardants, 21
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intumescent systems, 132, 144—145, 150,
154, 157
laboratory tests and, 4
oxide-based nanocomposites, 286
UL-94 test, 216-222
viscosity, 117
zeolites, 138—141
Loading, significance of, 21, 32, 58, 358, 360,
384
Low-density polyethylene (LDPE), 169,
181-182
LRAMS3.5, 138-139, 141-143

Macrofillers, 60
Macromolecular surfactants, 35
Macroscale analysis techniques, 372-373
Macroscale dispersion, 365
Magadiite, 244, 247, 249, 276, 370
Magnesium
-aluminum carbonate LDH, 256-257, 261,
263
characteristics of, 261
hydroxide [MgH/Mg(OH);], 7, 15-16,
18-19, 21, 164, 167-168, 211, 225, 236,
334, 384-385
hydroxide -red phosphorus (MH-RP), 194,
217, 225
-RP-OMT additives, 211
oxide (MgO), 225, 269-270
phosphate, 156
silicate, 18
Magnetic alignment, 386
Maleic anhydride (MA), 38, 40
Manganese dioxide, 19, 138
Mannitol, 136, 143
Manufacturing industry, 22
Mass loss rate (MLR)

carbon-based nanocomposites, 309, 314-315

epoxy nanocomposites, 251
films, fibers, and textiles, 335
flammability properties, 207, 210, 213-216
nontumescent additives, 226
organoclays, 165, 172
polymer-clay nanocomposites, 69—70
propylene-clay nanocomposites, 78
polymer nanocomposites, 355, 380—381
research trends, 355, 384
Mass transfer, 227-228
Mass transport, 113, 118-121, 166, 251, 299
Material design, 131-132
Material property tests, 372—-373
Material science research, 132, 177, 192
Mechanical properties
intumescent systems, 143—145, 153
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nanofiller, 51-56, 60,
organoclays, 164
polymer-organoclay nanocomposites,
204-209
significance of, 349, 378
Mechanical reinforcement, nanocomposite
morphology, 117-118
Melam/melem/melon, 14
Melamine
characteristics of, 13—14, 21, 136, 193, 201,
226
cyanurate (MCA), 15, 210-211, 217
flame retardants, 14—15
phosphate (MMP), 136, 197, 221-222, 334,
337-338, 345-346
polyphosphate (MPP), 198, 202, 212, 214,
217, 272-273
salts, 197, 220
Melt, generally
blending, 110, 165, 168—169, 193—197, 200,
203, 215, 217, 219, 221, 286, 296, 309,
363
compounding, 174, 356, 362-365, 370
dripping, 117, 157
flow, 21-22, 117, 165
hydrodynamics, 136
intercalation, 326
polymer processing, 328
processing, 37-39, 42, 347
viscosity, 111, 113, 117, 123-124, 333
Melting point, 50
Metallic additives, 83, 134
Metals, see specific metals
characteristics of, 10, 235
hydroxides, 16, 115, 193, 237, 333
oxides, 19, 21, 192, 168, 288-289
Metallocene-based polyolefin processes, 360
Methacrylate butadiene systems, 363
Methylenedianiline (MDA), 251
4-Methyl hexahydrophthalic anhydride, 108
Methyloctadecylammonium ion (C18A1M),
244, 247-249
Methylol melamine, 136
Methylphenylsiloxanes, 18
Methyl tetrahydrophthalic anhydride, 249, 252
Mg61
-ABS, 257-260
-HBS, 257-258
-TS, 258, 260
Mica, 81, 165. See also Melamine, mica
Microcalorimetry, 81
Microcoat, 270-271
Microcomposites, 107, 109-110, 266—267,
275-276, 289, 365, 280
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Microdispersion, 131, 153, 334, 348, 365
Microfillers, 266
Microparticles, 334
Microreactors, 124
Microscale
analysis techniques, 371-372
particles, 285, 365
Microscopy, applications of, 47. See also
specific types of microscopy
Migration, in nanocomposite morphology,
112-113, 223, 236
Military applications, 385, 387
Miller indexing, 257
Miscibility, 92, 94. See also Immiscibility
Mixing process, 94, 101-104
Mobility, carbon nanotubes, 93
Molding processes, 37, 39, 107, 112, 362-363,
368, 386
Molecular
interactions, nanocomposite morphology, 113
mechanics, 90-91. See also Polymer-CNT
composites, molecular mechanics
weight, significance of, 10, 110, 272, 330,
362
Molten organic liquids, 380
Monomers, 116, 136, 199-200, 239-240, 316
Montmorillonite (MMT)
dispersion, 37-40
flame retardant mechanisms, 223-224
halogenated flame retardant additives, 216,
221
intumescent systems, 148, 155
nanocomposites, 16, 32, 34-35, 51, 73-75,
79, 108—-109, 115-116, 144, 146,
164-168, 237, 241, 243, 272, 276-2717,
329-331, 360, 369-370, 377
thermal degradation, 202
thermoset fire retardants nanocomposites,
243-244
Mordenite, 138, 140
Morphology, see specific types of
nanocomposites
analysis, 369-370
influential factors, 111-114, 381
Mori-Tanaka model, 53
Motion, carbon nanotubes, 93
MPC1000, 339
Multicellular structures, 117
Multifunctional materials, 131-132, 386—387
Multiwalled carbon nanotubes (MWCNTs)
cable with MWCNTs-organoclays-ATH,
182-186
carbon nanotubes, 305-311
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characteristics of, 92, 99-100, 104-105,
117, 167, 169, 286

charred, crack density and surface results,
179

EVA-MWCNT/EVA-MWCNTY-organoclay
compounds, flammability of, 177-179

in LDPE, 181

organoclays distinguished from, 178

properties of, 178

synthesis and purification of, 177

Myristytrimethylammonium bromide, 296

Nanoclays, 16, 19, 21, 146, 330, 345
Nanocoat, 270-271
Nanocomposite
characteristics of, 107-109
defined, 31, 164
formation, see Nanocomposite formation
intumescent, 157
mechanical properties, 164, 349
morphology, significance of, 108—113
principal fire retardancy mechanisms, see
Fire behavior of nanocomposites
system applications, see Nanocomposite
system applications
technology, 378
Nanocomposite formation
clay particles, 109
fire retardancy mechanisms and, 110
mechanical property improvements, 55-56
synthetic routes, see Nanocomposite
formation synthetic routes
Nanocomposite formation synthetic routes
in situ polymerization schemes, 40—41
master batch approaches, 40
melt processing, 37-40
overview of, 36-37
solution-aided dispersion and brute-force
melt processing, 37-39
static melt intercalation, 39
Nanocomposite system applications
bulk polymeric components, 331-334
coatings, 343-344
composites, 344—-347
films, fibers, and textiles, 334—343
foams, 347-348
future directions, 348—-349
requirements for, 326—331
Nanocor, 327, 332
Nanodispersion, 117, 131, 153, 326, 347, 361,
366
Nanofibers, 356, 372
Nanofillers
barrier properties, effects on, 56—60
carbon-based, 377
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characteristics of, 15, 21-22, 36, 132—133,
157, 164-167, 236, 355-356, 358-359,
368, 373, 384-385, 387
in intumescent systems, 147—-153
mechanical properties, 51-56
one-dimensional, 49-53
polymer crystallization, effects of, 45-50
Nanomers
1.28E, 119
L30P, 331
Nanoparticles
carbon-based nanocomposites, 295-315
characteristics of, 285-286, 318
compatibility, 326-327
current environmental health and safety
status, 376
defined, 85
dispersion, 366
flame retardant mechanisms, 315-318
future directions for, 387—388
oxide-based nanocomposites, 286—295
safe handling, 376
Nanoscale particles, see Nanoparticles
Nanosilica, 236-237
Nanostructured morphology, 108—-111
Nanotechnology, 376-377
Nanotube(s)
bundles, 90, 101
carbon, see Carbon nanotubes
characteristics of, 286
-nanotube interactions, 103
radius, 99-100
Naphtha, 38
National Bureau of Standards, 2. See also
National Institute of Standards and
Technology (NIST)

National Institute for Occupation Safety and
Health (NIOSH), 376

National Institute of Standards and Technology
(NIST), 2, 4, 67-68, 70, 76, 78, 135-136,
171, 235n

National Research Council of Canada, 385-386

Natural clays, 138, 377

Neutron scattering, 369

Nielsen’s equation, 57-58

Nitrogen, 11-13, 69, 77, 115-116, 143, 170,

247, 250, 288, 302-304, 328-329
Nitrogen-containing flame retardants (NFRs),
193

Nonbonded interactions, 91

Noncharring material, 109, 114, 118-119

Nonclassification (NC), 151

Noncombustible gases, 7

Nonflammable flame retardant gases, 14

Nonhalogenated additives, 193

413

Nonhalogenated fire retardant materials, 22, 378

Nonintumescent phosphorus-containing flame
retardants, 192—-193

Nonintumescent phosphorus flame retardant
additives, nanocomposites combined with,
225-227

Nonoxidative decomposition, 170

NPSi, intumescent systems, 150—151

Nuclear magnetic resonance (NMR)
spectroscopy, 111, 369-370

Nucleation, 46, 378

Nylon-6/montmorillonite (MMT) material, 32

Octadecylammonium ion (C18A), 244, 247,
249, 253
Octadecyltrimethyl ammonium-modified
montmorillonite, 119, 253
Octamethyl POSS, 343
Octaphenylcyclotetrasiloxane, 18
Olefins, 39, 223, 225
Oligomers/oligomeric, generally
brominated ammonium-modified clay
(OLB-clay), 197, 204, 215-216
dimethylhexadecylammonium salts, 216
ions, 363
nanocomposite formation, 116, 200
phosphate (OLP), 193, 203-204, 227
phosphate ammonium salt, 197, 214
polycation treatments, 364
triethyl, 216
trimethyl, 216
One-dimensional nanofillers, 41, 49-50
Onium ions, 240-241, 272, 358
Open-flame tests, 70
Optical microscopy, 47, 317, 371-372
Optimization, system-specific, 110
Organic(s)
additives, 200
aluminosilicophosphate complexes, 143
compounds, 113—-114
-inorganic layer, nanocomposite morphology,
113
layered silicates, 124
phosphorus, 11
polymers, 291
surfactants, 197
reatments, 358—-363, 365, 381-382
vapor, 376
Organoclays, 132-133, 164-165, 167-170,
174-176, 201, 228, 310, 358-359, 368
Organo-modified, see Organo-modified
hexadecyltrimethylammonium bromide
(OMT)
clays, 132, 148, 150-151, 154-155, 240,
243
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Organo-modified, see Organo-modified
hexadecyltrimethylammonium bromide
(OMT) (continued )

LDH (OLDH), 147-148, 150-151, 155-156
montmorillonite (OMMT), 289-290

Organo-modified with
hexadecyltrimethylammonium bromide
(OMT)

characteristics of, 201-202, 204, 214,
216-217, 224-228
-MPP, 226
Organophilic ion, 360
Organophosphate(s)
additives, 332
characteristics of, 136, 227

Orthophosphates, 136—137

Orthophosphoric acid, 145

OTI 95 634 standard, 134

Oxidation, 13, 18, 115-116

Oxidative

decomposition, 170
degradation, 75
dehydrogenation, 7

Oxide nanoparticles, 83

Oxygen, 70, 113, 116, 250-251, 310

Oxygen-containing polymers, 11, 13

Oxyhalides, 10

Pacific Rim, 373
Packing injection molding, 37
Paint, intumescent, 134
Paraffins, chlorinated, 8
Particle size, significance of, 21, 334. See also
Nanoparticles
Particle-particle interactions, 236
Paste rheology, 331
Patents, 68, 193, 197, 216, 220, 222, 228
Path tortuosity, 56, 58—59
PCFF force field, 91, 96, 103—104
Peak heat release rate (PHRR)
assessment techniques, 121-122
barrier effects, 118—121
bulk polymers, 332-333
carbon-based nanocomposites, 297, 310, 318
char formation, 113
composites, 345-346
epoxy nanocomposites, 251-253, 255, 267,
270
films, fibers, and textiles, 335-336, 343
flammability properties, 206—-217
intumescent systems, 132
nanofillers, 147, 149-150
organoclays, 166, 168, 172—174, 178-179,
183184, 186
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polymer nanocomposites, 379, 381
polystyrene nanocomposites, 69
polyurethane nanocomposites, 273
research trends, 383-384
vinyl ester nanocomposites, 276-277
Pendant groups, 6, 11, 214
Pentaerythritol (PER)
characteristics of, 133—134, 136, 143, 151,
337
phosphate, 334, 337-338
Percolation, 32
Permeability, 56-58, 60, 115-116, 164, 236,
261, 263, 270, 272
Persistance, bioaccumulation, and toxicity
(PBT), 373
pH, 256
Phenol-formaldehyde resins, 136
Phenolic-graphite composites, 297
Phenyl phosphate, 217
1-Phenylvinylphosphonic acid (PVPA), 197
Phosphate esters, 12, 21
Phosphate-pendant groups, 214
Phosphates, 11, 136, 192. See also specific
phosphates
Phosphines, 193
Phosphocarbonate, 142—-143, 145-146
Phosphonates, 193
Phosphonium
bentonite, 122
compounds, 193
salts, 248
Phosphoric acid, 136, 227
Phosphorus
-based flame retardants, 11-14, 20,
200
-containing flame retardants (PFRs),
192-193
-nitrogen synergism, 12
oxynitride (PON), 15
Phosphorylation, 12—13
Physical barrier effects, 5, 118, 124,
133
Physical theory, 10
Plasticizing effect, 205-206, 240, 245. See also
Plastics
Plastics, 8, 20, 22
P-O-C bonds, 142-143
Polar interactions, 33
Polarity, 110
Poly(acrylic acid), 256
Polyacrylonitrile, 6, 343
Polyactide foams, 347
Polyamides, 13, 136, 157, 164, 210, 223. See
also specific polyamides
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Polyamide-6 (PA6)

characteristics of, 16, 41, 52, 55-56, 69, 79,
81, 83, 120, 132, 136, 138, 143144,
146-147, 166168, 197, 205, 208-212,
218, 223-225, 227, 326-327, 330, 332,
335-336, 338-339, 340-341, 357, 359,
363, 365, 371-372, 382

/DB-AO, 208-209, 218

IMCA, 210, 217-218

-MCA-OMT, 210

/MH-RP, 205, 212, 225

multiwall carbon nanotube (MWNT) system,

117, 119, 167

montmorillonite (MMT) systems, 41, 45-46,

52, 270, 334
-n/DB-AO (PA6/OMT/DB-AO), 208, 211,
218
-n/MCA, 218
/OMT/DB-AO nanocomposites, 225
/OMT-MCA, 217, 221-222
/OMT/MH, 225
/OMT/MH-RP, 205-206, 212, 225
/OMT (PA6- 1), 205, 208-212, 218
/organoclay nanocomposite, 194—-195
-3,218
-2,218
Polyamide-6,6 films, 337, 339, 341
Polyamide-12 (PA-12), 50
Polyaromatic(s)
characteristics of, 137
hydrocarbons (PAHs), 22
structures, 10, 142—143, 247
Polybutadiene, 199

Poly(butylene terephthalate (PBT), 6, 197, 217,

219-220
Polycaprolactone (PCL), 69
Polycarbonate (PC)
-ABS, 20
bisphenol A-based, 6
characteristics of, 12, 18—-19, 21
Polycarbosilane (PCS), 292
Poly(dimethyl siloxane) (PDMS), 54-55, 59,
116
Polyester
characteristics of, 227
fabrics, 343
resin, 345
unsaturated, 20
Polyethylene (PE)
characteristics of, 6, 16, 40, 42, 52, 55, 83,
164, 166, 168, 216-217
-hydrotalcite nanocomposites, 166
-SWNT, 305
Poly(ethylene-co-vinyl acetate) (EVA)
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-alumina trihydrate system, 378
characteristics of, 19, 69, 79, 82—83, 144,
146148, 164-168, 334, 382
decomposition of, 170
fire mechanism of, 173—-174
intercalation vs. exfoliation of, 174
melt blending of, 186
MWNT, 309
NMR investigation, 173-174
/organoclay-based nanocomposites, 169—173
Poly(ethylene oxide) (PEO)
characteristics of, 256
/Na™ montmorillonite nanocomposites, 46
Poly(ethylene terephthalate (PET), 6, 219, 292,
327, 330-331, 335-336, 343
Polyfunctional epoxies, 247
Polyhedral oligomeric silsequixonanes (POSSs)
characteristics of, 132, 147, 155, 157, 276,
286, 289-295, 343-345, 384
FQ, 292-294
Polyhydric compounds, 136
Polyisocyanurate foams, 378
Polylactide (PLA), 330
Polymer(s)
applications, 164
backbone, 5-6
chains, 56, 96, 101-102, 112, 241
charring, 123, 136, 143
-CNT composites, see Polymer-CNT
composites
combustion, 5—-6
deacetylation process, 165
decomposition of, 121
film, 33
inorganics, 35, 53
laboratory flammability test, 3—5
/layered-silicate (PLS), 44—-45, 191-192, 248
matrix, 41, 50-51, 56, 60, 94-96, 104, 108,
111, 173, 175, 196-197, 200, 206,
222-225, 227-228, 236, 326, 333,
358-360, 365-366, 370
melt, 123, 329-330
mix, 90
molecular weight, 110
noncharring, 114—115
nanocomposites, see Polymer
nanocomposites
-particle interactions, 236
polarity of, 110
-polymer interactions, 94, 101
pyrolysis, 112—113
science, 177
solid state, 112
wrapping, 90
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Polymer-clay nanocomposites
characteristics of, 67—-68, 81-83, 206,
355-358, 379-380
historical perspectives, 68—69
polystyrene nanocomposites, 69—75
propylene-clay nanocomposites, 75—81

Polymer-CNT composites, molecular mechanics

application to PS-CNT composites, 96—100
characteristics of, 92—-93, 104-105
limitations, 100—104
methodology, 93-96
uncertainties, 100—104
Polymerization, 356, 377. See also specific
types of polymerization
Polymer nanocomposites
analysis techniques, 365-373
characteristics of, 31-33, 236, 311-312
clay, see Polymer-clay nanocomposites
defined, 31
dispersion characterization, 42—45
effects of nanofillers on material properties,
45-60
flammability fundamentals, 379-383
flammability research, see Flammability
research
formation, synthetic routes for, 36—42
future research directions, 60-61
inorganic, 31
in intuminscent systems, 143—147
-montmorillonite, 57, 59
morphologies, 60
nanoscale filler dispersion, thermodynamics
of, 33-36
organoclays, see Polymer-organoclay
nanocomposites
-SWNT nanocomposites, 299
synthesis procedures, 356—-365
thermal decomposition, 264—266
Polymer-organoclay nanocomposites
characteristics of, 191-192, 227-228
flame retardant mechanism, 222-227
flammability properties, 206—222
mechanical properties, 204-206
preparation methods and morphological
study, 193-200
thermal stability, 201-204
Poly(methyl methacrylate) (PMMA)
characteristics of, 6, 21, 39, 78, 89-90, 116,
119-120, 167, 286-290, 295, 326
-CNF, 312
-MWNT nanocomposites, 305-307
PR-1, 314
PR-24, 313
-silica nanocomposites, 166
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-SWNT nanocomposites, 299-304
Polymethylsiloxane, 18
Polyolefins, 14, 18, 20, 52, 222, 326, 331,
360-361, 378
Polyols, 12, 21, 143, 272
PolyOne Corporation, 378
Poly(oxymethylene) (POM), 197
Polyoxypropylene diamine, 261, 264
Polyphenylene ether (PPE), 12
Poly(phenoloxidase), 20
Poly(phenylene sulfide) (PPS), 197
Polyphosphoric acid (PPA), 19, 145, 201,
225-227, 265
Polypropylene (PP)
-ATH composites, 168
-CB nanocomposites, 309-310
characteristics of, 6, 8, 10, 39, 40, 42, 50, 55,
79, 83, 114, 133-134, 164, 166, 210, 225,
294, 332, 334, 342, 365
-clay, 75-81, 221
-GF laminates, 270-271
-graphite, 295-296
montmorillonite nanocomposites, 69, 75,
77-78, 80-81, 108-110, 115, 117, 204
-MWNT nanocomposites, 305-309,
315-316
/PER, 139, 141
-POSS, 294
/POSS-FQ, 295
-PP interactions, 295
/PR-1, 314
-sodium MMT, 222
Poly(propylene glycol)bis(2-aminopropyl), 259
Poly(propylene-graft-maleic anhydride)
(PP-g-MA), 108111, 115, 119-121, 197,
208, 210, 221-222, 266
Polypropylene-graft-maleic
anhydride/organoclay
(PP-g-MA/OMT/DB-AO) nanocomposites,
196, 204, 208
Polysilastyrene (PSS), 292
Poly(silsosesquioxanes), 343
Polystyrene (PS)
beads, 69
characteristics of, 6, 10, 14, 20, 34, 92, 114,
296, 327, 326, 332-333, 361, 363, 372
-clay, 297
-CNT composites, 90, 92, 95-100, 104
foams, 347
nanocomposites, 69—75, 83, 119-120, 166,
199, 203, 214-215, 218
/OLP-clay, 214
-OMT-ArP nanocomposites, 199, 202,
214-215, 218
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-OMT-TCP nanocomposites, 205
-organoclay nanocomposites, 197, 205, 216
/polyammonium montmorillonite systems, 38
-silica, 166
Poly(styrene sulfonate), 256
Poly(tetrafluoroethylene) (PTFE), 11, 219-220
Polytetramethylene ether-glycol-b/polyamide-12
(PTME-PA), 292-293
Polyurethane (PU)
characteristics of, 6, 14, 201, 227
foams, 5, 21, 378
nanocomposites, see Polyurethane
nanocomposites
Poly(urethane-co-ureas), 59
Polyurethane nanocomposites
characterization of, 198—199, 201, 205-206,
212, 214, 218, 227, 237, 271-272
combustion behavior, 272-274
-MPP, 201, 205-206, 213, 216, 218
-OMT, 201-202, 205-206, 213, 216, 218
-OMT-MPP, 198-199, 201, 205-206, 213,
216, 218, 226
-POSS FQ2, 294
preparation procedures, 271-272
thermal stability, 272-274
Poly(vinyl alcohol)
characteristics of, 38, 59, 326
/graphite oxide nanocomposites, 297
/MMT nanocomposites, 45
Poly(vinyl chloride) (PVC)
characteristics of, 6, 16—17, 20-21, 164,
331
-EVA, 332
Poly(vinylsilossequioxane), 343
Poly(vinyl sulfonate), 256
Postpolymerization processing, 360—361
Potassium perfluorobutanesulfonate, 11
Potential energy, 91, 93, 101-103
Precipitation, 113
Pregraphitization stage, intumescent systems,
137
Prepared vinyl ester (PVE), 155
Proban CC, 337-339
Processing aids, 359
PR-1, 312-313
Property loss statistics, 164
Protection elements, 121
Protective barriers, 166—167, 237
Protective char, 193
Protective equipment, 376
Protective layer, 223, 225-226
PR-24LHt, 312-313
Pseudo-two-dimensional layered inorganic
fillers, 31
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PVDF, 46

PVOH, 177, 327

PV-TPU, 332

Pyrolysis, 69-71, 75, 78, 83, 112-113, 116,
119, 123-124, 142, 379, 386

Pyrophosphates, 193

Quantitative evaluation, 111

Quantum effects, 93

Quaternary alkylammonium, 252

Quaternary ammonium, 329, 331

Quaternary ammonium-modified
montmorillonite, 248, 252. See also Alkyl,
ammonium; Cationic clays

Radiant heat, 163

Radiative gasification, 70-71, 76

Radical recombination reactions, 166, 381

Radical scavenging, 13

Radical trap theory, 10

Rate of heat release (RHR), 133—134,
140—-142, 146. See also Heat release rate
(HRR)

Reaction kinetics, 223

Reactive injection molding (RIM), 362

Recyclable flame retardant thermoplastics,
22-23

Recycling, 22-23, 374

Red phosphorus (RP), 11, 13-14, 16, 193, 211,
225, 334

Reduction of hazardous substances (RoHS),
377

Refining operations, 380

Reflection, 42, 44, 366—368

Refractive index, 21

Regulations, fire and environmental, 373-376

Reinforcement, mechanical, 117-118

Relative flammability, 81

Relaxation time (77), 369-370

Resident time, 110

Residue layer, nanocomposite morphology,
113

Resilience, significance of, 32

Resin transfer molding (RTM), 362

Resorcinol bis(diphenyl phosphate) (RDP), 193

Resorcinol diphosphate (RDP), 155, 203, 214,
218, 276277, 333, 345

Rheological behavior, 44, 111-112, 153, 358,
380

Rheological effects, 326, 331, 333, 344, 349,
373, 377

Rheometer, high-temperature, 152

Riser test, for cable, 176, 186

Room temperature, 163
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Safe handling considerations, 376
Salts, 21. See also specific types of salts
Sample thickness, significance of, 120—121
Sanidic liquid crystals, 111
Saponite, 237
SbBr3, 10
Sb,03, 10, 21, 217, 219, 224. See also
Antimony, oxides
Scanning electron microscopy (SEM) studies,
156, 225-226, 303-304, 306, 316,
371-372
Scattering, 366—367
Schrodinger equation, 93
Self-extinguishability, 69-70, 122-123, 167,
208, 219, 267, 375, 385
Self-polymerization, 239
Semiconductors, 31
Shear
force, 94
rate(s), 110-111, 117, 174, 330
sensitivity, 333
stress, 54, 111, 329-330
Shield-forming mechanism, 336
SigOq3, 291, 384
Silica, 21, 132, 286-288, 344
Silicate
clays, 45, 52, 153, 255, 286
-epoxy matrix, 246
layers, 110-113
structures, 36, 68, 110, 243
surface layer, 113
-triazine intercalation, 220
Silicon, 18-19, 237
Silicones, 10, 16
Silicophosphate groups, 143, 145-146, 157
Siloxanes, 18, 385
Simultaneous thermal analysis (STA), 264
Single-layer design, 184—186
Single-walled CNTs (SWCNTs)
carbon nanotubes, 299-305, 312-315
characteristics of, 89-92, 99, 104-105, 167,
286
in LDPE, 181-182
organoclays and, 169
synthesis and purification of, 177
Sintering, 21
SiO,, 147
SiOy, 138
Small-angle x-ray scattering (SAXS), 43-44
Small-molecule flame retardants, 199
Smectic systems, 112
Smoke
acidic, 192
dense, 192

INDEX

gases, 235
generation, 210, 344, 346, 374
obscuration, 121, 163, 250
production, 123-124, 163
release, 207, 227
spread, 375
suppression, 19
toxicity, 1, 121, 163-164, 192, 220
Sodium
borate, 16
hydroxide, 309
montmorillonite, 255, 327
zeolites, 138
Sol-gel formation, 326
Solid flame retardants, 21
Solid particle pressure, 137
Solubility, 60
Soluble additives, 20
Solution blending, 193-197, 200, 292, 326
Solvent
blending, 286, 356, 360—362
casting, 37
resistance, 164
uptake, 236
Sonication, 37, 104, 240, 361
Soot, formation of, 9
Sorbitol, 136, 143
Southern Clay Products, 326-327, 331-332,
345
Soxhlet extraction, 363
Space environment, 132
Specific extinction area (SEA), 207, 213-215,
270
Specific heat, 155
Spectroscopic applications, 142, 145
Stabilizers, 238
Stable products, long-term, 22-23
Stand-alone flame retardants, 124
Starch, 136
Steady-state
HRR/PHRR, 119-120
significance of, 109
Steel plate, 134
Stiffness, significance of, 32, 42, 60
Stoichiometry, 243, 259-260
Strain energy, 91
Strength, significance of, 32, 42
Structural design, 385
Structure-property relationships, 108, 111, 124,
358, 373
Styrene, see Polystyrene (PS)
characteristics of, 69, 197, 274, 363
-acrylonitrile (SAN), 166, 199
-butyl acrylate (St-BA), 297-298
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-butyl acrylate copolymer/graphite oxide
(St-BA/GO) nanocomposites, 297-298
Subway safety, 375
Sulfates, 136
Sulfonate group, 11, 265, 269
Sulfuric acid, 136
Siid-Chemie, 327
Superacid, 253
Surface
area, polymer-carbon nanotube composites,
94, 96, 102, 104
chemistry, 334
density, polymer-carbon nanotube
composites, 103
energy, 98-99, 112, 236-237
layer, 113, 124
potential energy, 236—237
tension, 34, 102—-103
Surfactants, 90, 241, 296
Suspension polymerization, 357
Sustainability, 132
Swelling agents, 38, 256, 260
Syndiotactic polystyrene (sPS), 46
Synergism, 9, 12, 19
Synergistic effects, 113, 117, 125, 132,
138-143, 147-153, 193, 214, 217, 222,
225, 227-228, 255, 272, 334, 336-337,
348
Synthetics
clays, 370
fibers, 334, 336
polymers, 1

Tactoids, 110, 242, 246, 372
Talc, 18, 138, 167
Telecommunication cables, 220
Television sets, 2
Temperature, significance of, 93, 101,
110-111, 113, 121, 134-135
Tensile
moduli, 55
properties, 55, 164, 236, 244, 349
strength, 53, 205-206, 261-262, 270
tert-Butylpheny diphenyl phosphate, 193, 196
Tetrafluoroborate salts, 329
Tetraglycidyldiaminodiphenylmethane
(TGDDM) epoxies, 250-251, 255
Tetrahydrofuran (THF), 292
Tetramethylsilane, 174
Tetraphenylphosphonium-modified
montmorillonite, 109, 119
Textiles, 157, 331, 334-344
T,, 275, 277
Thermal conductivity, 41-42, 117

419

Thermal decomposition, 5-6, 8, 12, 17, 19,
115-116, 225, 247-251
Thermal degradation, 165-166, 192, 224, 239,
248, 330, 332, 345, 361, 375, 385
Thermal expansion, 270
Thermal motion, 93
Thermal oxidation, 19, 165-166
Thermal properties, significance of, 236
Thermal stability/stabilization
carbon-based nanocomposites, 295-296, 299
cationic clays, 237
epoxy nanocomposites, 240
films, fibers, and textiles, 336
halogenated additives, 201-204
nanofillers, 151
organoclays, 164—167, 170-171
polymer nanocomposites, 358, 360-361, 363
significance of, 20
system applications, 329
Thermocouples, 80, 134—-135
Thermodynamic(s)
filler dispersion, 32-36, 40, 43
fire retardancy mechanisms and, 112
nanocomposite morphology, 112
nanofiller effects, 52
nanoscale filler dispersion, 33-36, 38
neutrality, 100
significance of, 90
stability, 99, 104, 111, 356
Thermogravimetric
analysis, see Thermogravimetric analysis
(TGA)
curves, 148
measurement, 15-17, 114
Thermogravimetric analysis (TGA)
carbon-based nanocomposites, 297, 319
carbon nanotube nanocomposites, 177
composites, 345-346
epoxy nanocomposites, 248-249, 263-265
films, fibers, and textiles, 335
halogen additives, 201-204, 207
intumescent systems, 155
nanofillers, 150
organoclays, 165, 169, 170-172, 175
oxide-based nanocomposites, 293
polymer-clay nanocomposites, 81—82
polymer nanocomposites, 364, 372
polypropylene-clay nanocomposites, 75-76
polystyrene nanocomposites, 72—73
system applications, 327-329
Thermooxidative, generally
conditions, 142
decomposition, 116
degradation, 223, 225
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Thermooxidative, generally (continued)
thermogravimetric investigations, 116
Thermoplastic(s)
characteristics of, 14, 23, 31, 107, 131, 143,
335, 357-360, 362, 377
charring, 117
defined, 235
melt blending process, 110
nanocomposite morphology, 112—113
noncharring, 117
polyesters, 13
polymers, 82-83, 193
polyurethanes (TPUs), 143—-144, 331-332
Thermoset(s)
characteristics of, 107, 131
composites, 385
nanocomposites, see Thermoset fire retardant
nanocomposites
resins, 135, 377-378
Thermoset fire retardant nanocomposites
characteristics of, 235-237
clays, 237-239
epoxy based on anionic clays, 255-271
epoxy based on cationic clays, 240-255
morphology, 113
polymer, 357-359
polyurethane, 271-274
research methodologies, 239-240
vinyl ester, 274-277
Throughput techniques, 155
Time-temperature curve, 121-122
Time to ignition, see Ignition, time to
Titanium oxide (TiO,), 132, 147, 288—-290
Toluene diisocyanate (TDI), 198
4-Toluenesulfonate, 256, 258, 264
Total heat
evolved (THE), 108-109, 114-115, 118,
120-124, 254-255
release (THR), 69, 83, 149, 172, 206207,
214-216, 335, 345, 356, 379
Toxic chemicals, 236
Toxic gases, 163, 227, 235
Toxicity, 210
Toxic smoke, 1, 121, 163-164, 192, 220
Toyota, 69, 77, 359
Train safety, 375
Translucence, 164
Transmission electron microscopy (TEM)
additives, halogen and nonintumescent, 194,
196-197, 199
carbon-based nanocomposites, 297,
299-300, 305, 312-313
epoxy nanocomposites, 244—245, 259
EVA nanocomposites, 174
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fire and environmental regulations and, 373
intumescent systems, 147
nanocomposite morphology, 316-317
nanostructured morphology, 110—111
organoclays, 170
oxide-based nanocompositess, 286—287
polymer nanocomposites, 366, 368—371
polymer nanotechnology, 43—-44
polystyrene nanocomposites, 70, 72
Transparency, 60
Trapping mechanisms, 236
Trichlorobenzene, 37
Tricresylphosphate (TCP), 136, 155, 193, 196,
202-203, 205, 214, 218, 276277, 333,
345
Trimers/trimerization, 136, 201, 272, 316
Trimethyloctadecylammonium ion (C18A3M),
244, 247-249
Triphenyl phosphate (TPP), 196
Tri(1,3-dichloroisopropyl) phosphate, 14
Tri-(2-chloroisopropyl), 14
Trixylyphosphate (TXP), 193, 196, 202-203,
214, 218, 333
TTA, 260
Turbostratic char, 6
Twin-screw extruders, 38, 363, 365
Two-dimensional fillers, 36

U.S. Environmental Protection Agency (EPA),
192
Ube/Toyota, 357
UL-1410 test, 3
UL-1666 fire test, 83, 176—-177, 186
UL-1950 test, 3
UL-910 Steiner tunnel test, 68, 220
UL-94 test
characteristics of, 3—4, 6, 8, 19, 21, 69, 83,
116, 120-121, 123, 132, 168, 173,
216-222
horizontal burning, 254, 266—-269, 277-278
ignition tests, 318
nanoscale oxide-based nanocomposites, 287
V classifications, see UL-94 test V
classifications
vertical burning, 117, 225
UL-94 test V classifications
implications of, 138, 333, 383
V-1, 4, 22, 208, 374
V-2, 4, 21-22, 117, 208, 274, 332, 378
V-0, 4, 11, 13, 22, 68, 116, 133, 150, 216,
219-221, 332, 334, 378
Uncharrable polymers, 5
Underwriters’ Laboratories UL-94, see UL-94
tests
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United Kingdom, fire fatality rates, 2
United States

environmental concerns, 192

fire fatality rates, 2—3
Untika, 357
Upholstery, federal standards for, 2
Urea-formaldehyde resins, 136
Ureas, 136, 271-272
Urethane-urea systems, 56
uv

degradation, 378

stability, 8, 378

van der Waals force, 92, 99, 103, 241, 299
Vapor-grown carbon nanofibers (VGCNs), 311
Vapor-phase effects, 227, 336, 383
Ventilation, 121
Vermiculite, 241
Vinyl acetate, 69, 165, 168
4-Vinylbenzylammonium chloride, 296
4-Vinylbenzylchloride, 197
Vinylbenzyltrimethylammonium-modified
montmorillonite (VMC), 275
Vinyl ester (VE) nanocomposites
characteristics of, 274-276, 345-346
combustion behavior, 276277
preparation procedures, 274
resins, 345, 347
thermal stability, 276-/277
Vinyl phosphates, 197
1-Vinylphosphonic acid (VPA), 197
Viscoelasticity, 137
Viscosity
bulk polymers, 333
epoxy nanocomposites, 242
future research directions, 385-386
intumescent systems, 117-118, 151, 154
nanostructured morphology, 111
organoclays, 167
oxide-based nanocomposites, 289
polymer-carbon nanotube composites, 93
polymer-clay nanocomposites, 83
polymer nanocomposites, 358, 378

421

retardancy effects, 113, 117-118

system applications, 329-331

thermoset nanocomposites, 236
Volatile products, 1, 5, 12—-13, 91, 116, 121,

163, 201, 223-224, 310

Volatility, 196
Volatilization, 223, 225, 227, 247-249, 336
V ratings, see UL-94 test V classification
Vycar PVC, 344

Waste disposal, electrical and electronic
devices, 22
Waste Electronic and Electrical Equipment
(WEEE) protocol, 373
Water (H,0)
characteristics of, 10, 115, 226, 247, 270,
272
solubility, 143-144
vapor, 58, 225, 261, 263
White phosphorus, 14
Wicking, 117, 124
Wide-angle x-ray scattering (WAXS), 366
World Health Organization (WHO), 192

X-ray crystallography, 93

X-ray diffraction (XRD), 37-38, 42—-44, 60,
72, 75-76, 111, 147, 194-199, 207, 222,
243-244, 251, 256-258, 260, 267, 275,
296-297, 345, 365-370, 373

Xylene, 305

Young’s modulus, 52, 205, 244, 261-262,
270

Zeolites, 19, 132, 138-143
Zero-point energy, 93
Zinc
borate, 17-19, 138, 167-168, 334
hydroxystannate, 168
sulfide, 19
ZSM-5 zeolite, 138—140



