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organic/inorganic additives 373
- surface property 373
organic/inorganic fibers 217
- mechanical properties 217
organic-inorganic hybrids 476, 478
— networks 478
orgamnic phosphate esters 340
organic polymers 461, 474
- Young’s modulus 461
organic spherical fillers
- functions 427429
- production 425427
— properties 425427
Organization for Economic Development and

Cooperation (OECD) 339
organosilanes, structure of 64
ortho-neopentyl glycol (NPG)
orthorhombic aragonite 294
osteoblast cells, in vitro experiments 445
osteon-reinforced interstitial bone 442
osteoproductive fillers 445
- bioactive glasses 445

66, 81

121

425

256

oxidative bleaching agents 246
- ozone 246
— sodium hypochlorite 246

particle-particle interactions 38
particle size distributions (PSD)
particulate composites 27, 32
— modulus equations, comparison 27
— strength equations, comparison 32
perfluorinated microemulsion polymerization
technology 377
permissible exposure limits (PEL)
peroxide-cured EPDM system 79
phase-separated macro-molecular
network 471
phenolic microspheres

365

263, 355

433

Index

— applications, coatings 433
phenolic resole resins 427
phenolic stabilizer 81
m-phenylenebismaleimide
— cross-linking agent 129
—effect 129

— melting point 130
phlogopite 165, 167-169

129, 130

— chemical analysis 168
—mica 167
— properties 167, 169

phosphato titanates  101-103, 107, 301

- monomolecular deposition 103

phosphorus-containing flame
retardants  329-334

— ammonium polyphosphate 331

- mechanism of action 330

— phosphorus-containing organic
compound 331

- red phosphorus 331

photoluminescence intensity 202

phyllosilicate mineral 241

- characterization 241

—kaolin 241

pine wood flour 271, 280

- scanning electron micrograph 271

— thermogravimetric analysis 280

plastics 13, 14, 43, 148, 270, 295

— Berstorff ZE90-ATSE 58

- continuous fiber reinforcements
— comparative properties 148

- critical properties, flexural modulus 14
— heat resistance 14

- current applications

— extruder capacity 59
— polymer viscosity 59

- Farrel FTX 80-twin-screw extruder 57

- feeding 45-51

- filler 13,43
— chemical families 13
—extruders 43

— GCC grades 295

— market size 270

- melting 51

— mixing 51-55

— pressure generation 55-57

platelet aspect ratio 31

pneumonoconiosis symptoms

Poisson’s ratios 24

polyacrylonitrile (PAN) precursor

— conversion stages 192

polyamideimide (PAI) 3

polycaprolactone (PCL) 454

polycarbonate-based plastics

148

270

233

192

366
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— static charge decay rate 366 - components, chemical structure 482
polychlorinated biphenyls (PCBs) 327 polymer(s) 309, 310, 315, 351, 363, 402, 480
polyester gel 257 —class 480
— filler performance, comparison 257 — combustion components 317
polyetheretherketone (PEEK) — limiting oxygen index values 315
composites 446 - melting of 49
polyethylene (PE) 309 - modification 118
~ thermooxidative degradation — processing, steps 4
mechanism 309 - recrystallization 92
polyethylene imine (PEl) 196 - thermal oxidative degradation 309
poly(ethylene 2,6-naphthalate) (PEN) 419 —use 310
polyhedral oligomeric silsesquioxanes polymer-CB composite, conductivity of 357
(POSS) 459, 461463, 466 polymer composites  5-19
— advantage 466 ~ components 6-8
—cage 459, 461, 466 —types 6-8
— density 461 polymer-containing ammonium
- formation 459 polyphosphate 333
- commercialization 459 — char formation 333
- effect 466 polymeric materials, combustion 309
- environmental/safety considerations 464 polymer interfacial chemistry 351
- functionalized 462 — significant effects 351
— molecular fillers 462 polymerization inhibitor 125
- molecular silica 462, 465 polymer matrix 10, 196-202
- molecule, central rigid cage 460 - composites  197-202
— organic-inorganic hybrid properties 461 — fabrication 197
— polarities 463 - mechanical/electrical property 198-202
- POMS 462 - reinforcing fiberyn 10
— potential 463 polymer processing aids (PPAs) 234
— primary function 464 polymethylmethacrylate (PMMA)
- production 459 composites 197
- properties 460463 polymide/silica hybrid 487
— overview 460 - TGA thermograms 487
- secondary function 466 polyolefin 80, 123, 133, 234
- structure  460-463 - films 301, 302
— suppliers/cost 463 - matrix 298
— syntheses 459 — microporous films 302, 303
— trisilanols 462, 465 — moldings 298-301
- dispersant 465 cis-poly(phenylacetylene) model 203
- type 464 trans-poly{phenylacetylene) model 203
- vitrification 466 polypropylene (PP} 97, 129, 146, 269, 278,
polyhydroxyaminoether (PHAE) 200 309, 359, 431
polyhydroxybutyrate (PHB) matrix 447 — compounded pellets 278
polyimide matrix 487 - moisture sorption 278
polyimide nanocomposites 482 — flexural modulus 431
— performance enhancement of — foamed vs. unfoamed 431
composites 482 — influence of type 359
polyimide/silica hybrids 483486 — resins, densities 431
— SEM micrographs 483 polypropylene-talc systems 235, 236
—use 486 — stiffness/toughness properties 236
polyimide/silica systems 480, 482 polystyrene (PS) 50, 237
- polymer composites, use 480 — pellets 50
— coatings for glass fibers 484 — shear viscosity 37
— polyimide/silica matrix 486 polytetrafluoroethylene (PTFE) 87, 375, 377,

- silica nanocomposites 482 383, 390



- electrical properties 384

- environmental resistance 384

— features and benefits 375

— mechanical properties 384

— suppliers/manufacturers 390, 391

- surface properties 383

— thermal properties 383

polyvinyl chloride (PVC)
309, 407

— application of talc 237

— extrusion 297

- filler levels 297

polyvinyl pyrrolidone (PVP) 196

positive temperature coefficient (PTC) 103

positive temperature coefficient of resistance
(PTCR) 359

POSS®, see polyhedral oligomeric
silsesquioxanes

precipitated calcium carbonate (PCC)
293, 297

- characterization 297

— products 293

premier periclase process 409

Printex XE-2 357

processing aids, definition 407

processing/shear techniques 184

proton exchange membrane (PEM) fuel
cell 189

pure talc 226, 228

— chemical composition 228

pyrolysis-gas chromatography (Py-GC) 76

pyrophosphato titanates 101, 102, 107

3, 237, 296-298,

291-

q

quaternary ammonium compound 182
- structure 182

r

radiant panel test 337

Raman spectroscopy 72, 73

recommended exposure limits (REL)
355

reinforced plastics/composites (RP/C) 143

reinforced reaction injection molding
(RRIM) 259

reinforced thermoplastics (RTP) 28, 144

- modulus enhancement factor 28

reinforcing filler 9, 11

repolymerization 91, 92, 99, 101

— catalysis 92

— definition 99

—effect 101

resin system 64, 474

- filler systems 72

263,

Index

- rheological behavior 85

—types 474

resin injection molding (RIM) 149
resistivity, measurements 367
rheology modifiers, see rheology stabilizers
rheology stabilizers 407, 408

ribbon composites 25, 30

— modulus equations, comparison 25
- strength equations, comparison 30
Rio Tinto minerals 230

Rtalc 230

s

saturated monocarboxylic acids 117-122

scanning electron micrographs (SEMs) 74,
384, 445

semicrystalline polymers 41

shear controlled orientation injection molding
(SCORIM) 443, 445

sheet moldinging compounds (SMCs} 298,
318
shielding effectiveness 365
shive 214
sedigraphic light scattering water
techniques 229
short fiber 27, 32
- modulus equations, comparison 27
— strength equations, comparison 32
silane(s) 65-70, 72, 78,123
— applications 80
- alkylsilanes 87
— aminosilanes  81-85
— epoxysilanes 86
— fluoroalkylfunctional silanes 87
- methacryloxysilanes 85, 86
— polyetherfunctional silanes 87
— sulfur-containing silanes 87
— vinylsilanes 80, 81
— EPDM systems 79
- hydrolysis  67-69
— loadings 72
— mineral fillers, combining methods 70-72

— monomers 67
- polymers, types 78
~ reactivity 68
—selection 78-80
— titanate, six functional sites of 92
—types 66
— oligomeric silanes 66, 67
— waterborne silane systems 66
silane addition method 252
—effect 252, 253
silanols 65, 66, 68
- inorganic substrate 70
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- reactivity of 68 — suppressant effect 318
silicas 395, 400 - toxicity 312-314
- advantage 395 softwood 273
— amorphous silica, OSHAs current - lignin structure 275
limit 401 — schematic diagram 273
— based bicontinuous nanocomposites, sol-gel method 454, 469, 481
production 472 solid freeform fabrication (SFF)
— dust 400 technique 198
- fillers, drawback 419 solid lubricants/tribological additives 374
— formation mechanism 470 394
— from hydrolyzed tetraethoxysilane by sol-  — applications 392-394
gel process 470 — boron nitride 375, 377, 384, 392
— properties 395 — environmental /toxicity
—role 395 considerations 397-401
silicate mineral 21 — production 377
—reactivity 21 — scanning electron micrograph 385
— structure 21 — structure/properties 384
silicic acid esters 69 — suppliers/manufacturers 389
— condensation of 69 —use 375
silicon tetrachloride 396 — characteristics 384
— vapor phase hydrolysis 396 - coefficient of friction 375, 385
siloxane network 478 — cost/availability 386
silver-coated conductive glass fibers 152 — graphite 375, 376, 379, 392
silylated filler surfaces 72 - environmental /toxicity
— acid-base titration 77 considerations 388
- carbon analysis 77 — production 376
- colorimetric tests 77 — structure/properties  379-383
— hydrophobicity, empirical tests 77 — molybdenite 374, 376, 378, 388
— pyrolysis-gas chromatography (Py-GC) 76 - crystal structures 378
- silane/colorant combined surface — environmental/toxicity
modification 77, 78 considerations 388-391
— spectroscopy 72 — mines/ore bodies types 376
— Auger electron spectroscopy 73-76 - physical/chemical properties 379
~ FTIR/Raman spectroscopy 72, 73 — principle of action 378
— MAS-NMR spectroscopy 73 - production 376
simulated body fluid (SBF) 444 - structure /properties 378
single-screw extruders (SSEs) 45, 47, 49, 53, - physical/chemical properties,
54 comparison 380, 381
— agglomerates formation 49 — polytetrafluoroethylene 375, 377, 383, 392
— mixing enhancers 53 - environmental/toxicity
single-wall carbon nanotubes (SWNTs) 189, considerations 392
191, 195, 196, 198, 199, 202, 206 - production 377
—armchair 190 — structure/properties 383
— chiral 190 - suppliers/manufacturers 386
- diamond-like thermal conductivity 206 solid lubrication mechanism 374
— sonication of 199 solid organic microspheres 428
- types 189 solid rocket fuel 102
- zigzag 190 solid thermoplastic particles 426
smectite clay, structure 182 — polyacrylate 426
smoke 311-314, 318 — polystyrene 426
— carbonaceous solid particles 312 SOLPLUS C800 124
— definition 311 solution-evaporation method 197

— density measurement, optical method 314  Southwest Research Institute (SWRI) 312
- liquid droplets 312 spider silk 6



spray-drying 427
SSE mixing enhancers 53
starch with ethylene vinyl alcohol
(SEVAC) 445447
- scanning electron micrographs 446, 447
state-of-the-art laser image analysis
technology 225
static secondary ion mass spectrometry
(SSIMS) 75, 355
—spectra 355
statistical process control tools
— control factors 180
stearic acid coating, phases
strain value 473
stress concentrators 33
styrenics 237
sulfur-containing silanes 87
sulfur-cured EPDM systems 79
supernatant liquors 122
surface-modified kaolins
surface property modifiers
surface-treated kaolin 253
Suzorite™ process 165
SWNT-PMMA nanocomposite 199
- optical micrographs of 199
SWNT-polymer nanocomposites
synergistic flame retardancy 187
synthetic CaCO; 292
synthetic clays 180, 181
— preparation 180
synthetic fibers, development 213
synthetic hydrotalcites 410, 413
— empirical formulae 410
— submicron particles 413
— scanning electron micrograph 413
synthetic microcomposite 8
synthetic silica gel 397, 402
- fumed silica vs. diatomite 398
- structure 397

180

293

247
373

198

t
tactoids 184, 185
talc 58, 225, 227-229, 231, 234, 235, 238
- antitack agent 238
- applications  233-237
— by polymer matrix 234-238
- bulk density, effect of 58

- characteristics 228
- cost/availability 230
- disadvantages 235

— environmental/toxicity considerations 232
— extraction step 225
- hydrophobic nature

— market applications

228
238

Index

— molecular structure 227

- open-pit mining 225

— primary/secondary benefits 234

- production methods 225

— products 229
— particle size distribution 229

- suppliers 230, 231

- surface chemistry 229

talc-filled composites 228

talc-filled homopolymer/copolymer PP 235

— properties 235

talc-filled masterbatches 233

talc-filled polyolefin 236, 237

— applications, range of particle sizes 237

talc-plastic composite 225

tetrachlorosilane, optical fibers 64

tetraethoxysilane 472, 474, 476

— condensation reactions 474

—use 476

tetraethyl orthosilicate 454

tetrahydrofuran (THF} 476

— solvent absorption behavior 476

thermal diffusivity 281

thermal properties 39

thermal stability 40

thermoexpandable microspheres 426, 430,
434

— scanning electron micrographs 426

— schematics 426

— suppliers 434

thermoplastic composites 40

thermoplastic elastomer (TPO)
237,430

— flexural modulus vs. filler
concentration 186

— SEBS/SBS 430

-TPOs 430

- TPUs 430

thermoplastic films 401

thermoplastic olefin elastomer matrix 229

thermoplastic polyesters 82

thermoplastic polyolefins 264

thermoplastic resin 5

thermoplastics  3-5, 105, 283-288, 329, 430,
437, 463

—density 430

— functional inorganics/organics

— low-density polyethylene 329

— processing methods 4, 5

thermosets 5, 282, 283, 333

- processing methods 5

thermosetting filler systems 85

thermosetting resins 3, 4

thixotropic coating 407

184,186,187,

105-107
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thixotropic loop, see hysteresis loop
threshold limit value (TLV) 233, 355, 391

time-weighted average (TWA) 391
TiO, extension 256, 257
tissue engineering applications 442, 443

— bioactive fillers 443

— bioceramics for 442

— examples of polymers 442

tissue engineering biomaterials
nanostructured bioactive fillers 454

titanate molecule 91, 92, 95, 98, 101

— application considerations 98, 99
- coupling agents 91, 94
— chemical structures 94
- effects 108
— functional effects 92, 95-99, 102

—adhesion 97
— binder functional groups 94
— CaCOj-filled thermoplastics 103
— carbon black-filled polymers 103-105
— coupling agent chemical description 93
— dispersion  95-97
— hydrolyzable group/substrate reactive
group 92
- hydrophobicity 98
- monolayer coupling, dispersion effect 96
— organosilanes 92
— phosphato titanates
— pyrophosphato 101
- repolymerization effect 99-101
- thermoplastics and thermosets
- thermoplastic-specific functional
groups 94
— titanate application 98, 99
— zirconate coupling agents 94
- synergistic benefits 101
titanium/zirconium couple, esters 91
titanocene 92
toothed gear mixing elements 56
toxic chemicals, production 337
Toyota Central Research and Development
Laboratories 177, 178
tracheids 272
transition metal catalyst, growth forms
transmission electron microscopy (TEM)
transverse impact strength 34
trialkoxysilanes 65, 68, 69
— hydrolysis of 65, 69
tricalcium phosphate (TCP) 448
- conventional melt processing
technologies 448
trichlorosilane 64
trigonal-hexagonal scalenohedral system 412
triple start corotating intermeshingscrews 48

101

105-107

194
394

tungsten disulfide 379
tunneling-percolation model (TPM)
twin-screw extruders (TSEs) 46, 47
— advantages of 46
- classification of 47
— corotating intermeshing type 48
— glass fibers 53

— dispersion of 53
- mixing elements 53, 57

— effect of 57
two-stage thickening mechanism 417
— chain extension mechanism 417
— coordinate complex formation 417
tyloses 272

357

u
UL 94 testing protocols 336
ultrahigh molecular weight high-density
polyethylene (UHMWHDPE) composite
plastics 392
ultrasonic techniques
ultratalc 609 227
- micrograph 227
10-undecanoic acid 128
Union Carbide mixing element 51
unmodified filler surfaces 115
unsaturated acids 126
— carboxylic acid  123-128
- effect 126
— coupling agent 123
- oligomeric acid, influence 125
unsaturated polyester resins 63
unsaturated polyester oligomer
- torque, changes 418
untreated CaCOj-filled mineral oil 97
- pigment volume concentration curves 97
urea-formaldehyde microcapsules 433
US Environmental Protection Agency
(EPA) 340
US Food and Drug Administration
(FDA) 232
US Montana talcs

197

418

227

v
van der Waals forces 190, 226
vapor-grown carbon fibers (VGCFs)
velvet effect 433
vinyl oligomeric silane, chemical structure
of 67
vinylsilane 79, 80, 81, 256
- adhesion 80
— EVA/ATH HFFR containing 81
- comparison of 81
— surface-treated kaolin 256

194



virgin glass filaments 145, 146
~ tensile strength 145, 146
viscosity stabilizers 408
volume fillers 102

—CaCo, 102

- carbon black 102

volume resistivity 255

w
water-borne oligomeric fluoroalkyl siloxane
systems 87
water-borne oligomeric siloxane 67
waterborne silane systems 66, 71
water vapor transmission rate (WVTR).
water-washed calcined/silane-treated
kaolin 249
- chemical composition 249
— physical properties 249
water-washed hydrous kaolin, chemical
composition 249
wet grinding process
wet-ground mica, 163
wet kaolin production process, overview 244
white graphite, see boron nitride
wollastonite (CaSiO3) 259, 261, 262, 265, 452
- applications  264-266
—effects 265, 266
— thermoplastics
— thermosets 265
- environmental/toxicity considerations
— filler grades, chemical analyses 261
- production 260
— properties  260-262
— structure  260-262
— suppliers/cost 262, 263
- surface chemistry 262
— typical properties 262
wollastonite silane, types 266
wood 219, 220, 272-274, 277, 278, 280
—anatomy 272-274
- chemical components
— durability 278-280
- environmental benefits 219
— equilibrium moisture content 277
- thermal expansion 280
—use 220
wood cellulose 280
- thermogravimetric analysis

303

166, 292

265

263

274-276

280
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wood fiber vs. wood flour 284

wood flour 269-272, 276, 277, 280, 283, 285

— applications  282-288

— cost/availability 282

— density 276

—effect 285, 286

~ environmental/toxicity considerations
282

- hygroscopicity 277

- moisture 276, 278
- sorption 277

— packaging 271

— particle size 271, 283
—effects 283

— production methods

- properties  272-282

— structure  272-282

— suppliers 281

—thermal properties 280, 281

wood flour extenders 282

wood-plastic composites (WPC)
284, 430

— plastics 270

workplace hazardous materials information
system (WHMIS) 416

World Health Organization (WHO)

270-272

270, 278,

339

X
XC-72R conductive black 107
- resistivity 107

X-ray photoelectron spectroscopy (XPS) 355

yellowness index (YI) 401
Young-Dupre equations 20
Young's modulus 473, 474, 481

z

zero force compaction/densification
technology 233

zinc phosphate glasses 334

zirconate 91, 92, 94, 100, 108, 109. see also
titanate

- additives 92

- coupling agents

- effects 108

- repolymerization effect

zirconocene 92, 100

94, 109

100
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