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acrylate-based polymer latex 314
acrylic resin 128
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AFM (atomic force microscopy) 185–228
– AM 218
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agents, nanostructured 126
aggregated nanoclay platelets 34
aliphatic polyesters 259–260
alkyl chain 240, 244
alloys, PAB 83
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alumina trihydrate (ATH) 62
aluminosilicate layers 9
amines 131–133
aminopropylisooctil-POSS 130
ammonium-modifi ed fi llers 6–7
ammonium-modifi ed montmorillonite 17
amorphous polymers 105
amplitude, cantilever oscillation 192, 220
amplitude–modulation AFM (AM-AFM) 

218

anaerobic environments 325
analytical ultracentrifugation (AUC) 

304–306
“anchoring” effect 290
angular frequency, resonant 189
anisotropic interactions 284
antitumoral drugs 133–135
approximation, parabolic 197
Arrhenius plots 177, 299
Ascomycota 335
ashes, volcanic 75
aspect ratio 253
ATH (alumina trihydrate) 62
atmosphere, effect on test samples 22
atomic distance 186
atomic force microscopy (AFM) 185–228
– AM 218
– elasticity measurements 193–201
– nanopalpation 197–198
– tapping mode 188–191
AUC (analytical ultracentrifugation) 

304–306
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326–327

b
ball bearing effect 161–164
BAP (biodegradable aliphatic polyesters) 

259–260
barrier, clay 67
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BaTiO3 175–177
bearings, dry-running 153
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benzoyl peroxide 118
benzylamine 137
Berthelot’s rule 102
bimorph 187–189
Bingham behavior 255
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bioconjugated systems 133–135
biodegradability
– PNCs 323–346
– standards 331
biodegradable aliphatic polyesters (BAP) 

259
biodegradable nanocomposites 331–336
bioreactors 325
bisphenol A glycerolate dimethacrylate 

(BisGMA) 116, 121–124
blending, melt 272
blends
– compatibilized 209
– PAB 83
block copolymers (BCPs), nanomechanical 

properties 213–225
block-on-ring test 151, 157
bonding, hindered hydrogen 296–298
bonds
– N–O 234
– Si–C/Si–O 127
breakage, fi bers 160
1-bromodocosane 28
Brownian motion 275
Brownian rotational diffusion 234

c
C18–4C18-modifi ed fi ller 27
cables, coaxial 62
CaCO3 pigment 314
cage structure, POSS 42
calorimeter
– combustion 45
– cone 44–45
calorimetric behavior, PP nanocomposites 

30–31
calorimetry, differential scanning, see 

differential scanning calorimetry
cantilever 187–188
– oscillation 190
carbon, diamond-like 194
carbon black 206
carbon dioxide (CO2) demand 325
carbon fi bers, short 156–161
carbon nanofi bers (CNFs) 36
– fl ammability 54
– high-/low-density 271–274
carbon nanotubes (CNTs) 36
– CNT-reinforced elastomer nanocomposites 

201–207
– fl ammability 54–55
– functionalization 131–135
– modifi cation with ODA 132
– PNC synthesis 129

– polymer– 63–66
– Raman spectroscopy 135–137
– rheological characterization 266–267
– XPS 130–135
carbonaceous char residue 67
carbonyl groups 243
carboxylated SWNCT 137
carboxylic groups 131
Carreau equation 255
casting, solvent 272
cation-exchange capacity (CEC) 76, 237
C30B 261–262
CED (cohesive energy density) 93
cell count, direct 328
cell-hole theory, Simha–Somcynsky 90–97
cellular structure 207–208
char residue 67
char yield 49
characterization techniques
– AFM 185–228
– biodegradability 323–346
– DRS 167–184
– DSC 25–26
– enzymatic 329
– examples 5–11
– fl ame-retardancy 33–74
– microbiological 328–329
– molecular 329
– multidirectional 307
– organoclays 237–242
– PVT 75–114
– rheological properties 251–281
– sedimentation analysis 303–321
– surface reactions 19
– TGA 5, 13–25, 43
– thermal 13–32, 42–45
– tribological 143–166
chemical composition, clays 78–79
chemical reactions
– reactive polymer–polymer interface 

207–213
– reactivity 126
– surface 19
– tribochemcial reactions 147
chemical structure, see structure
chromatography 325
clays 19–28
– chemical composition 78–79
– clay barrier 67
– esterifi ed 20
– exfoliated PMA/clay nanocomposites 

286–293
– HCP model 102
– intercalant/compatibilizer effects 82–83
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– intercalated PEO/clay nanocomposites 
293

– kaolinite aluminosilicate 39
– montmorillonite, see montmorillonite
– organo- 62–63, 237–242
– platelets 22, 77–78
– polymer–clay nanocomposites 46–52, 

229–249
– polyol/clay mixtures 260–262
– PVDF/clay-based nanocomposites 

171–175
– (semi)synthetic 76–77
– sodium salt 77
– Somasif ME-100 77, 236–247, 287–295
clear-zone 328–329
Cloisite 30B TPUNs 51–52
CNFs (carbon nanofi bers) 36
– fl ammability 54
– high-/low-density 271–274
CNTs (carbon nanotubes) 36–39
– CNT-reinforced elastomer nanocomposites 

201–207
– fl ammability 54–55
– functionalization 131–135
– modifi cation with ODA 132
– PNC synthesis 129
– polymer– 63–66
– Raman spectroscopy 135–137
– rheological characterization 266–267
– XPS 130–135
CO2 (carbon dioxide) demand 325
coaxial cables 62
coeffi cient of friction 158, 163
cohesive energy density (CED) 93
Cole–Cole plot 174
collective stress 145, 149
colloids
– hybrid dispersions 305
– organic–inorganic hybrid 303
– PNC 303–321
combination of fi llers 156–161
combustion calorimeter 45
compatibilized blends 209
compatibilizer 25, 82–83
complex permittivity 168
composites
– multiscale 153
– nano-, see nanocomposites
composition dependence, dielectric 

permittivity 171
compost media 341
compressibility coeffi cient 83–89
concentric tube structure 38
conductivity, thermal 148

cone calorimeter 44–45
confi gurational Helmholtz free energy 92
contact, adhesive 198–200
contact mechanics 194
contact solution, Hertzian 197
contact temperature 163
continuous wave (CW) technique 231
cooling, isobaric/isothermal 81–82
cooperative relaxation 168
copolymerization 123
copolymers, block 213–225
corrected mass loss 14
corresponding states principle (CSP) 92
Coulomb equation of sliding friction 

146
counterbody 145
coupling, dipole–dipole 230
crack-free network 68
cracking 147
cross-over transition 80
crystalline relaxation 168–169, 177
crystalline solids 99
crystallization, inhibited 295
crystallization temperature 29–30
cumulative sedimentation coeffi cient 

308–310
curing conditions 29–32

d
data interpolation 83–84
Debye equation 169
DEER (double electron–electron resonance) 

232, 235
degradation
– bio-, see biodegradation
– hydrolytic 335
– thermal 17
dendritic polymers 133–135
density gradients, static 306
depth wear rate 159
derivatives 83–89
– partial 92
design, PNCs 153
Desmopan–clay TPUNs 51–52
deuterium solid-echo NMR 240
diamond-like carbon (DLC) 194
dielectric permittivity 171–172
– composition dependence 171
– Vo–Shi model 172–173
dielectric relaxation spectroscopy (DRS) 

167–184
– frequency dependence 173–176
– low-temperature spectra 178–180
– normalized spectra 180
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differential scanning calorimetry (DSC) 6
– fi llers 25–26
– nanocomposites 26–32
– PEO 297
differential sedimentation coeffi cient 

308–310
diffusion, Brownian rotational 234
dimethylditallow-montmorillonite 258
dioctahedral smectites 1
dipole–dipole coupling 230
direct cell count 328
disappearance of glass transition 295
disorder band 136
dispersion
– force 185
– hybrid colloid 305
– nanoalumina 41
– nanofi llers 251
– SWNT 55
dissipation, phase and energy 191–193
distal distance 241–242
docosyltriethylammonium bromide 28
dotriacontanoic acid 20
double electron–electron resonance (DEER) 

232, 235
double-wall carbon nanotubes (DWNTs) 

36–39
drugs, antitumoral 133–135
dry-running slide bearings 153
dynamic TGA, fi llers 18–19

e
Einstein-theory of intrinsic viscosity 253
elastic coeffi cient 200
elastic contact, Sneddon’s 194–197
elastic (storage) modulus 256
– SWNT/PMMA nanocomposites 270
elasticity measurements 193–201
elastomer–clay nanocomposites 50–52
– polyurethane 50–52
elastomer nanocomposites, CNT-reinforced 

201–207
electric modulus 176–177
electron nuclear double resonance (ENDOR) 

232, 235
electron paramagnetic resonance (EPR) 

229–249
– slow-motion 237
– spin label 232–236, 283–303
electron spin echo envelope modulation 

(ESEEM) 232, 235
electron spin resonance (ESR) 284
elongational viscosity 277–278
empirical Tait equation 83

encapsulated pigment particles 317
energy
– adhesive 203
– CED 93
– dissipation 191–193, 219
– Helmholtz free 92
– relaxation activation 169–170, 177, 180
entanglement, MWNTs 39
environment
– (an)aerobic 325
– measurement 19–22
enzymatic characterization techniques 

329
EPDM-Mg(OH)2 nanocomposites 59
epoxy-based nanocomposites 9, 158
epoxy–clay nanocomposites 47–50
epoxy–graphene nanocomposites 53
epoxy-Mg(OH)2 nanocomposites 60
epoxy resins 48
EPR (electron paramagnetic resonance) 

229–249
– slow-motion 237
– spin label 232–236, 283–303
equation of state (eos)
– semicrystalline PNC 98–100
– Simha–Somcynsky cell-hole theory 90
ESR (electron spin resonance) 284
esterifi ed clay 20
EVA-Mg(OH)2 nanocomposites 58–59
exfoliated PMA/clay nanocomposites 

286–293
exfoliation state 264
expansion coeffi cient, thermal 83–89
extreme separation (ES) 286
extruder, TSE 86

f
Fe3O4 177–180
Fermi contact interaction 231
fi bers
– carbon 156–161
– short 155–161
– thinning/breakage/pulverization 160
fi llers
– combination of 156–161
– concentration 23–24
– DSC 25–26
– dynamic TGA 18–19
– inorganic 312
– modifi ed 5
– Nanofi l 804 3–4
– particulate 153–155
– stability 15–18
– surface cleanliness 14–15
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– TGA 13–22
– see also nanofi llers
fi lm formation 148
fi lms, SEBS 215
fl ame-retardants (FRs)
– multicomponent systems 62–66
– nanoadditives 33–42
– PA11–HNT 56–57, 64–65
fl ame-retardancy 33–74
fl ammability
– characterization techniques 42–45
– elastomer–clay nanocomposites 50–52
– epoxy–clay nanocomposites 47–50
– polymer–clay nanocomposites 46–47
– polymer–graphene nanocomposites 

52–54
Flory’s interaction parameter 212
fl ow-induced structure change 275
fl uids, Newtonian 253
force–deformation curve 210, 217
force–distance curve 186, 198–200
forced oscillation 189
Fourier transformation, NMR 230
fractal structure 85
fragility index 80
free energy, Helmholtz 92
free induction decay 230
free volume, relative 94
free-volume-frozen fraction 98
frequency, resonant 189
friction
– coeffi cient of 158, 163
– sliding 146
fully synthetic clays 77
fumed silica 338
functional groups, polymerizable 115
functionalized POSS molecules 127–128
g value 232

g
gallery thickness 300–302
glass transition 81, 87
– disappearance 295
– relaxation 180
– temperature 288
graphene, nano-, see nanographene
graphite 154
graphitic band 136
gravimetric analysis 324
groups
– carbonyl 243
– carboxylic 131
– methacrylic 125
– polymerizable functional 115

– TMC 287
– trimethylammonium 290
– unmodifi ed headgroups 236

h
2H solid-echo NMR 240
hairy clay particle (HCP) model 102
halloysite nanotubes (HNTs) 39
– fl ammability 55–57
Havriliak–Negami (HN) function 169, 

179
HD-CNFs 271
headgroups, unmodifi ed 236
heat paths 148
heat release rate 46–47
heating, isobaric/isothermal 81–82
height image 224
Helmholtz free energy, confi gurational 92
Hencky strain rate 257, 277–279
Herschel–Bulkley model 254
Hertzian contact solution 197
heterogeneity of organoclays 237–238
hexadecyl-TBP (HTBP) 237
hexagonal lattice 35
hexyl-TMA (HTMA) 238
Hi-Res TGA 13
high-performance tribomaterials 143
hindered hydrogen bonding 296–298
HIPS–graphene oxide nanocomposites 53
HISO-POSS 119–121
HN (Havriliak–Negami) function 169, 179
HNTs (halloysite nanotubes) 39
– fl ammability 55–57
homopolymerization 122
honeycomb structure 35
Hooke’s law 197
“house-of-cards”-like structure 278
hybrid colloid dispersions 305
hybrid rheological response 277
hybridization process 304, 313
hydrogen bonding, hindered 296–298
hydrolytic degradation 335
4-hydroxy-2,2,6,6-tetramethyl-piperidin-1-oxyl 

(TEMPOL) 236
hyperfi ne couplings 232

i
imidazolium-treated montmorillonite 17
immiscible polymers 207
immobilization, surfactant 238–239
impurities 79
in-situ polymerization 309
inhibited crystallization 295
inorganic fi ller 312
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interaction coeffi cients, thermodynamic 
100–104

interaction parameter, Flory’s 212
interactions
– anisotropic 284
– local 283
intercalants 82–83
intercalated nanocomposites (INCs) 

242–243
intercalated PEO/clay nanocomposites 

293
– segmental mobility 300–302
interface
– PMA/clay 288–291
– reactive polymer–polymer 207–213
– rigid 292
interfacial medium 145
interfacial region, thickness 291–293
interfacial removal 160
interfacial rubber phase 206
interference AUC 305–306
internal lubricants 156–157
internal pressure 93
interpolation 83–84
intrinsic viscosity 253
iron, PVDF/Fe3O4-based nanocomposites 

177–180
isobaric/isothermal cooling/heating 81–82
IUPAC nomenclature 75

j
Johnson–Kendall–Roberts (JKR) model 

198–199
– SEBS 217, 221–223
jump-in 187

k
kaolinite aluminosilicate clay 39
KBKZ’s model 256

l
latex, acrylate-based polymer 314
lattice
– constants 99
– hexagonal 35
laws and equations
– Berthelot’s rule 102
– Carreau equation 255
– compressibility/thermal expansion 80
– confi gurational Helmholtz free energy 92
– corresponding states principle 92
– Coulomb equation of sliding friction 

146
– Debye equation 169

– electric modulus 170
– empirical Tait equation 83
– Herschel–Bulkley model 254
– Hertzian contact solution 197
– HN function 169
– Hooke’s law 197
– 5 point formula 84
– Poiseuille’s law 252–253
– Poisson’s ratio 195
– rheological Maxwell equations 255
– viscosity coeffi cient 189
– Vogel–Fulcher–Tammann (VFT) equation 

170
layered silicate nanocomposites 1
– PLSNs 229–249
– PS- 307–313
layers
– aluminosilicate 9
– organically modifi ed 237–242, 334–335
– surfactant 240–242, 244–247
LD-CNFs 271
Lennard–Jones potential 93–95, 101–104
Lichtenecker model 172–173, 181
Limiting Oxygen Index (LOI) 44
line shapes
– nitroxide radicals 285–286
– spectral 233
linear wear rate 152
liquids 90
– viscosity 97
local interactions 283
loss factor 168
loss modulus 256
– SWNT/PMMA nanocomposites 270
low-temperature dielectric relaxation spectra 

178–180
lubricants, internal 156–157

m
MA-POSS (methacrylic POSS) 119–121
macrotribology 144
magnetic parameters 298
magnetic polymeric matrix 177–180
magnetic resonance
– EPR, see electron paramagnetic resonance
– nuclear 229–249
maleic anhydride 265–266
manometric respirometer 328
mapping, nanomechanical 200–201
mass loss, corrected 14
matrix
– magnetic polymeric 177–180
– polymeric 67, 115–128, 156
Maxwell equations (rheological) 255
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Maxwell–Wagner–Sillars (MWS) relaxation 
168–169

– activation energy 177
MC (Monte Carlo) computations 101
MD (molecular dynamics) computations 

101
measurement
– biodegradability 323–329
– elasticity 193–201
– environment 19–22
– PVT 79–83
– wear experiments 149–151
melt blending (MB) 272
melt-compounded nanocomposites 178
melting point 87
melting temperature 29–30
methacrylic group conversion 125
methacrylic POSS (MA-POSS) 119–121
methacrylic resins 117
methods
– characterization, see characterization 

techniques
– sol–gel 118
– two-point 199
microbiological characterization techniques 

328–329
microscale combustion calorimeter 45
microscopy
– AFM, see atomic force microscopy
– biodegradability 324
– tunneling 185
microtribology 144
migration of nanoclays 66
mobility
– polymers 290
– segmental 300–302
models, see theories and models
modifi ed fi llers 5
– ammonium 6–7
– C18–4C18 27
– montmorillonite 2, 21, 339–342
– thermal transitions 26
Modifi ed Sturm Test 327
modulus
– elastic (storage) 256, 270
– electric 176–177
– formalism 170–171
– tensile 11
– viscous (loss) 256, 270
– Young’s, see Young’s modulus
molecular characterization techniques 329
molecular dynamics (MD) computations 

101
molecular motion, restricted 289–292

molecular weight 300
mono-vinyl POSS 119
Monte Carlo (MC) computations 101
montmorillonite 1
– ammonium-modifi ed 17
– dimethylditallow- 258
– fl ame-retardancy 34–35
– imidazolium-treated 17
– OMMT 2, 21, 339–342
– organophilic 259–260
– surface-treated 15
morphology
– characterization 1–5
– morphological analysis 324
– spherulite 341
multicomponent systems 93–97
– FR 62–66
multidirectional characterization 307
multifunctional MA-POSS 119–121
multiphase systems 252
multiscale composites, design 153
multiwall carbon nanotubes (MWNTs) 

36–39, 129
– AFM studies 201–207
MWS (Maxwell–Wagner–Sillars) relaxation 

168–169
– activation energy 177

n
N–O bond 234
Na, see sodium
nanoadditives, fl ame-retardant 33–42
nanoalumina 39, 57–58
nanoclays 34, 66
nanocomposites
– biodegradable 331–336
– CNT-reinforced elastomer 201–207
– elastomer–clay 50–52
– epoxy-based 9, 47–50, 52–54, 60, 158
– epoxy–clay 47–50
– epoxy–graphene 53
– exfoliated PMA/clay 286–293
– fl ame-retardancy 33–74
– intercalated PEO/clay 293
– melt-compounded 178
– (non)intercalated 242–243
– NR60 202
– PA66 163
– polymer, see polymer nanocomposites
– polymer–clay 46–52, 229–249
– polymer–graphene 52–54
– polypropylene, see polypropylene 

nanocomposites
– polyurethane 3–4, 10
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– POSS-based 60–61
– PS-layered silicate 307–313
– PVDF-based 167
– PVDF/clay-based 171–175
– silicate 1
– starch 336
– SWNT/PMMA 270
– synthesis 115–142
– thermoplastic-CNF 54
– TPUNs 50–52
nanofi llers
– dispersion 251
– Nanofi l 804 fi ller 3–4
– see also fi llers
nanographene 35–36, 52–54
nanomagnesium hydroxide 40–41, 58
nanomaterials
– one-dimensional 34–36
– three-dimensional 39
– two-dimensional 36–39
nanomechanical mapping 200–201
nanomechanical properties, BCPs 213–225
nanopalpation 197–198
nanoparticles, short carbon fi bers 157–161
nanosilica 39, 57
nanostructured agents 126
nanotribology 144
nanotubes
– carbon, see carbon nanotubes
– halloysite 39, 55–57
natural rubber (NR) 201–207
Newtonian fl uids 253
Newtonian region 268
nitroxide radicals 233
– ESR 284–286
nomenclature, IUPAC 75
non-Newtonian behavior 254
nonintercalated composites (NICs) 

242–243
nonrestricted segment 290, 292
normal stress 194
normalized spectra 180
NR60 nanocomposite 202
NR (natural rubber) 201–207
nuclear magnetic resonance (NMR)
– 2H solid-echo 240
– solid-state 229–249
numerical differentiation 84
nycodenz 314

o
octa-vinyl POSS 119, 127
octadecylamine (ODA) 132
octadecyltrimethylammonium 15

oligomeric silsequioxanes, polyhedral 
41–42, 115–128

one-dimensional nanomaterials 34–36
optics set-up, Schlieren 306, 314–317
optimization, curing conditions 29–32
order–disorder transition 244
organic–inorganic hybrid colloids 303
organic matter 22
organically modifi ed layered silicates 

(OMLSs) 237–242
– biodegradability 334
organically modifi ed montmorillonite 

(OMMT) 2, 21
– PHBV/OMMT 339–342
organoclays 62–63
– characterization techniques 237–242
– heterogeneity 237–238
organomagadiites 239–241
organophilic montmorillonite 259–260
oscillating-wear test 151
oscillation
– amplitude and phase 192, 220
– cantilever 190
– forced 189
oxygen demand 325, 327–338
oxygen index 44
oxygen transmission rate 10

p
PA-6, specifi c volume 100
PA-6-based PNC 87–89
PA11–HNT–FR 56–57, 64–65
PA66 nanocomposites 163
PABs (polymer alloys and blends) 83
palpation, nano- 197–198
PALS (positron annihilation lifetime 

spectroscopy) 97
PAMAM 134–137
parabolic approximation 197
paramagnetic resonance, electron 229–249
partial cellular structure 208
partial derivative 92
particulate fi llers 153–155
PBAT (polybutylene adipate-co-terephthalate) 

336
PC (polymer carbon)–graphene oxide 

nanocomposites 53–54
PCL (poly(caprolactone)) 242–247
– biodegradable nanocomposites 333–336
PDMS (polydimethylsiloxane) 266–267
PDS (poly(dimethyldiphenyl siloxane)) 258
peak heat release rate (PHRR) 46–47
PEB (poly(ethylene-butylene)) 215–221
PEG (polyethyleneglycol) 135
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PEI (polyetherimide) 155
pellethane TPU 51–52
PEMA (poly(ethyl methacrylate)) 242
PEO (poly(ethylene oxide)) 264, 293
– intercalated 300
percolation 208
perdeuterated PS 245
permittivity
– complex 168
– dielectric 171–172
petrochemical-based polymers 342–343
phase, cantilever oscillation 192
phase and energy dissipation 191–193
phase separation 68, 124
phase shift 218
phase transitions 79–80
PHBV-OMMT 339–342
piezo displacement 198
piezoelectric tube 187–188
pigment
– CaCO3 314
– encapsulated particles 317
– polyurethane 316
pin-on-disk test 151
PLA (polylactic acid) 333–336
PLA (polylactide) 278–279
plastic behavior, Bingham 255
plate/streak, plate 329
platelets 22
– aggregated nanoclay 34
– nanographene 35–36
– size distribution/shape 77–78
– Somasif 290–293
PLSNs (polymer-layered-silicate 

nanocomposites) 229–249
– PS 307–313
PMA (poly(methyl acrylate)) 286–293
– segmental dynamics 288–293
PMMA (poly(methyl methacrylate)) 55–56, 

269
PNCs, see polymer nanocomposites
5 point formula 84
Poiseuille’s law 252–253
Poisson’s ratio 195
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 

(PHBV)-based OMMT 339–342
polybutylene adipate-co-terephthalate (PBAT) 

336
poly(caprolactone) (PCL) 242–247
– biodegradable nanocomposites 337–339
poly(dimethyldiphenyl siloxane) (PDS) 258
polydimethylsiloxane (PDMS) 266–267
polydispersity 105
polyesters, biodegradable aliphatic 259–260

polyetherimide (PEI) 155
poly(ethyl methacrylate) (PEMA) 242
poly(ethylene-butylene) (PEB) 215–221
poly(ethylene oxide) (PEO) 264, 293
– intercalated 300
polyethyleneglycol (PEG) 135
polyhedral oligomeric silsequioxanes 

(POSSs) 41–42
– aminopropylisooctil 130
– Raman spectroscopy 115–125
– structure 116
– XPS 126–128
polylactic acid (PLA), biodegradable 

nanocomposites 333–336
polylactide (PLA) 278–279
polymer alloys and blends (PAB) 83
polymer–carbon nanotubes 63–66
polymer carbon (PC)–graphene oxide 

nanocomposites 53–54
polymer–clay nanocomposites 46–52
– PLSNs 229–249
polymer–graphene nanocomposites 

52–54
polymer latex, acrylate-based 314
polymer-layered-silicate nanocomposites 

(PLSNs) 229–249
– PS 307–313
polymer nanoalumina nanocomposites 

57–58
polymer nanocomposites (PNCs)
– AFM 185–228
– biodegradability 323–346
– CNT-based 129
– colloids 303–321
– design 153
– dielectric relaxation spectroscopy 

167–184
– effect of α/κ 86–87
– fl ame retardant mechanisms 66–68
– layered silicate 1
– materials 128
– nanomagnesium hydroxide 58
– PA-6-based 87–89
– petrochemical-based 342–343
– PNC-2 87, 89
– PNC-5 87, 89
– POSS-based 60–61, 115–128
– PS-based 104, 307–313
– reducing parameters 96
– rheological properties 251–281
– semicrystalline 98–100
– specifi c wear rate 155, 157
– see also nanocomposites
polymer nanosilica nanocomposites 57
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polymer–polymer interface, reactive 
207–213

polymeric matrix 67
– magnetic 177–180
– Raman spectroscopy 115–125
– specifi c wear rate 156
polymeric nanocomposites 76
polymerizable functional groups 115
polymerization
– in-situ 309
– preparative ultracentrifugation 319
polymers
– α/κ 84–86
– amorphous 105
– dendritic 133–135
– immiscible 207
– mobility 290
– petrochemical-based 342–343
– segmental dynamics 251, 283–303
– surfactant dynamics 243–247
poly(methyl acrylate) (PMA) 286–293
– segmental dynamics 288–293
poly(methyl methacrylate) (PMMA) 55–56, 

269
polyol/clay mixtures 260–262
polyolefi n elastomer (POE) 209
polypropylene 6
polypropylene (PP) 271–272, 275–277
polypropylene (PP) nanocomposites 7–8, 

11
– calorimetric behavior 30–31
– TGA 24–25
poly(styrene-b-ethylene-co-butylene-b-styrene) 

(poly-SEBS) 213–218
polystyrene (PS) 82
– perdeuterated 245
– PS-based PNCs 104
– PS-layered silicate hybrid particles 

307–313
– PS-co-ma 265–266
polytetrafl uorethylene (PTFE) 156–157
polytetramethylene ether-glyco-b-

polyamide-12 polyimide-12 (PTME-PA) 
60–61

polyurethane
– elastomer–clay nanocomposites 50–52
– nanocomposites 3–4, 10
– pigment 316
poly(vinylidene fl uoride) (PVDF)-based 

nanocomposites 167
– PVDF/BaTiO3-based 175–177
– PVDF/clay-based 171–175
– PVDF/Fe3O4-based 177–180
position dependence 238–239

positron annihilation lifetime spectroscopy 
(PALS) 97

potential, Lennard–Jones 93–95, 101–104
powder spectra 284–285
PP (polypropylene) 271–272, 275–277
– PP-Mg(OH)2 nanocomposites 59
preparation of nanocomposites 286–287, 

293
preparative ultracentrifugation 306, 313
– internal 93
– polyurethane pigment 317–318
pressure
– PVT characterization 75–114
proximal distance 241–242
PS-co-ma (polystyrene-co-maleic anhydride) 

265–266
PS (polystyrene) 82
– perdeuterated 245
– PS-based PNCs 104
– PS-co-ma 307–313
Pseudomonas aeruginosa 345
PTFE (polytetrafl uorethylene) 156–157
PTME-PA (polytetramethylene ether-glyco-b-

polyamide-12 polyimide-12) 60–61
pulse technique 231
pulverization, fi bers 160
PVDF (poly(vinylidene fl uoride))-based 

nanocomposites 167
– PVDF/BaTiO3-based 175–177
– PVDF/clay-based 171–175
– PVDF/Fe3O4-based 177–180
PVT (pressure–volume–temperature) 

characterization 75–114
pyrolysis 68

q
Q-value 192
quadrilayer model, surfactant 246

r
radial breathing mode (RBM) 134
radicals, nitroxide 233, 284–286
radiofrequency pulses 230
Raman spectroscopy 115–125, 135–137
Rayleigh interferometer 306
RDP (resorcinol bis(diphenyl phosphate)) 

48–49
reactions
– surface 19
– tribochemcial 147
reactive polymer–polymer interface 

207–213
reactivity 126
reducing parameters 96
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relative free volume 94
relaxation
– activation energy 169–170, 177, 180
– cooperative 168
– crystalline 168–169
– crystalline/MWS 177
– dielectric 167–184
resins
– acrylic 128
– epoxy 48
– methacrylic 117
resonant angular frequency 189
resorcinol bis(diphenylphosphate) (RDP) 

48–49
respirometry 325
– manometric 328
restricted molecular motion 289–291
restricted segment 290–291
rheology 251–281
– biodegradability 323
– hybrid response 277
rheopexy behavior 277
rigid interface 292
roll wear test 151
roller-on-plate test 151
“rolling” effect 161–164
rotational diffusion, Brownian 234
rubber
– interfacial rubber phase 206
– natural 201–207

s
salts, sodium 77
sample deformation 193–194, 198
sample degradation 328
saturation, surfactant 245
SC (solvent casting) 272
scanning calorimetry, differential, see 

differential scanning calorimetry
scanning tunneling microscopy (STM) 

185
Schlieren optics set-up 306, 314–317
SDI (smoke developed index) 45
SEBS (styrene-b-ethylene-co-butylene-b-

styrene) 213–218
sedimentation
– analysis 303–321
– coeffi cient 308–310
– velocity 307
segmental dynamics 251, 283–303
– intercalated PEO mobility 300
– PMA 288–293
semicrystalline PNC 98–100
semisynthetic clays 76

sepiolite 338
SH (strain hardening) 257
shape, clay platelets 77–78
shape function 196
shear, steady 258–259
shear rate 253
shear thinning parameter 262
shear thinning region 268
short fi bers 155–161
– carbon 156–161
Si–C bonds 127
silica
– fumed 338
– nano- 39, 57
silicate nanocomposites 1
– PLSNs 229–249
– PS-layered 307–313
silicates, layered 237–242, 334–335
silicone compounds 115
siloxane 61
silsequioxanes, oligomeric 41–42, 

115–128
Simha–Somcynsky cell-hole theory 90–97
single-wall carbon nanotubes (SWNTs) 

36–39, 129
– carboxylated 137
– dispersion 55
– rheological characterization 266–269
size distribution, clay platelets 77–78
slide bearings, dry-running 153
sliding friction 146
sliding velocity 161–162
slow-motion EPR 237
smectites, dioctahedral 1
smoke characterization techniques 42–45
smoke developed index (SDI) 45
Sneddon’s elastic contact 194–197
sodium salt clays 77
soil burial 342
sol–gel methods 118
solid base body 145
solid-echo NMR, deuterium 240
solid-state NMR 229–249
solids, crystalline 99
solubility 126
solubility parameter 93
solvent casting (SC) 272
Somasif ME-100 77, 236–247, 287–294
spacing, basal 22
specifi c volume, PA-6 100
specifi c wear rate
– PNCs 155, 157
– polymeric matrices 156
spectral line shapes 233
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spectroscopy
– biodegradability 324–325
– dielectric relaxation 167–184
– EPR, see electron paramagnetic resonance
– PALS 97
– Raman 115–125, 135–137
– solid-state NMR 230–231
– XPS, see X-ray photoelectron spectroscopy
spherical probes 196
spherulite morphology 342
spin label EPR 232–236, 283–303
spin-labeled PEO/TMA 300
spin tracers 236, 238–239
spring constant 219
stability, fi llers 15–18
stacked-cup CNTs 37
standards, biodegradability 331
starch nanocomposites 336
static density gradients 306
statistical analysis 78
steady shear 258–259
Steiner tunnel test 45
STM (scanning tunneling microscopy) 185
storage modulus 256, 270
strain
– Hencky strain rate 257, 277–279
– time-dependent 256
strain hardening (SH) 257
streak plate 329
stress
– collective 145, 149
– normal 194
– transient shear 276
– yield 11
structure
– cage 42
– cellular 207–208
– concentric tube 38
– exfoliated nanocomposites 287–288
– fl ow-induced change 275
– fractal 85
– honeycomb 35
– “house-of-cards”-like 278
– intercalated PEO/clay nanocomposites 

294–298
– POSS 116
– spin-labeled PEO 294
– superstructure 238
– surfactant layer 240–242, 244–247
Sturm Test, modifi ed 327
styrene-b-ethylene-co-butylene-b-styrene 

(SEBS) 213–218
surface
– modifi cation 14
– reactions 19

– surface-treated montmorillonite 15
– topography 201, 215
surfactants
– dynamics 238–240, 243–247
– immobilization 238–239
– interphase 229–249
– quadrilayer model 246
– saturation 245
– spin tracers 236, 238–239
surrounding medium 145
suspensions 252–254
SWNTs (single-wall carbon nanotubes) 

36–39, 129
– carboxylated 137
– dispersion 55
– rheological characterization 266–269
synthesis of nanocomposites 115–142
synthetic clays 77

t
tactoids 48
Tait equation, empirical 83
tapping mode AFM 188–191
TBP (tributylphosphoniumalkyl) 229
techniques, characterization, see 

characterization techniques
TEGDMA (triethylene glycol dimethacrylate) 

116
temperature
– contact 163
– dependence of electric modulus 176
– glass transition 87, 288
– PVT characterization 75–114
– wear mechanisms 148–149
templated synthetic clays 77
TEMPOL (4-hydroxy-2,2,6,6-tetramethyl-

piperidin-1-oxyl) 236
tensile modulus 11
tests
– Australian test standard AS ISO 14855 

326–327
– Modifi ed Sturm Test 327
– principles 151
– Steiner tunnel test 45
– turbidity 329
– UL 94 Vertical Flame Test 43–44, 

64–65
tetraglycidy1–4,4´-diaminodiphenylmethane 

(TGDDM) 48–49
TGA (thermogravimetric analysis) 5, 

23–25
– fi llers 13–22
– fl ame-retardancy 43
– Hi-Res 13
theoretical oxygen demand (TOD) 327
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theories and models
– Brownian motion 275
– “cellular structure” model 207–208
– dielectric permittivity 172–173
– dielectric relaxation spectroscopy 

168–171
– Einstein-theory of intrinsic viscosity 253
– HCP model 102
– Herschel–Bulkley model 254
– JKR model 198–199, 217, 221–223
– KBKZ’s model 256
– Lichtenecker model 172–173, 181
– modulus formalism 170–171
– rheological 252–257
– Simha–Somcynsky cell-hole theory 90–97
– Sneddon’s elastic contact 194–197
– surfactant quadrilayer model 246
– thermodynamic 89–100
– Vo–Shi model 172–173
– wear models 150–151
thermal characterization 13–32, 42–45
thermal conductivity 148
thermal degradation 17
thermal expansion coeffi cient 83–89
– volumetric 85
thermal protection 68
thermal stability 18
thermal transitions 26–29
thermodynamic theories 91–100
– interaction coeffi cients 100–104
thermogravimetric analysis (TGA) 5, 23–25
– dynamic 18–19
– fi llers 13–22
– fl ame-retardancy 43
– Hi-Res 13
– weight loss thermogram 16
thermoplastic nanocomposites 54
– TPUNs 50–52
thermoplastic starch 336
thickness
– gallery 300
– interfacial region 291–293
thinning
– fi bers 160
– shear 262, 268
three-dimensional cellular structure 208
three-dimensional nanomaterials 39
tilt angle 246
time-dependent strain 256
tip–sample displacement 221
titanium dioxide 154
Tixogel VP 16
TOD (theoretical oxygen demand) 327
TPUNs (thermoplastic polyurethane 

elastomer–clay nanocomposites) 50–52

trans-gauche transitions 240, 244
transfer fi lm formation 148
transient extensional viscosity 274
transient response, cantilever oscillation 

190
transient shear stress 276
transient shear viscosity 273
triblock copolymers 213–218
tribological systems 145–146
– characteristic values 151–152
– characterization 143–166
– reactions 147
tribomaterials, high-performance 143
tributylphosphoniumalkyl (TBP) 229
triethylene glycol dimethacrylate (TEGDMA) 

116
trimethylammonium chloride (TMC) 

287
trimethylammonium groups 290
trimethylammoniumalkyl (TMA) 229
Trouton’s ratio 274–275
tube structure, concentric 38
tunnel test, Steiner 45
tunneling microscopy 185
turbidity 305–306, 311
– biodegradability testing 329
twin screw extruder (TSE) 86
two-dimensional nanomaterials 36–39
two-point method 199

u
UL 94 Vertical Flame Test 43–44, 64–65
ultracentrifugation
– analytical 304–306
– preparative 306, 313, 317–318
unloading force curve 217
unmodifi ed headgroups 236

v
van der Waals force 185, 197
velocity
– sedimentation 307
– sliding 161–162
vertical fl ame test, UL 94 43–44, 

64–65
viscoelastic properties 223
viscosity 97
– coeffi cient 189
– elongational 277–278
– intrinsic 253
– transient extensional 274
– transient shear 273
viscous (loss) modulus 256
– SWNT/PMMA nanocomposites 270
vitreous region 97–98
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Vo–Shi model 172–173
Vogel–Fulcher–Tammann (VFT) equation 

170, 179
volcanic ashes 75
volume
– PVT characterization 75–114
– relative free 94
– specifi c 100
volumetric thermal expansion coeffi cient 

85

w
washing protocols 15
WAXRD (wide-angle X-ray diffraction) 3
– ammonium modifi ed fi llers 6–7
wear experiments 149–151
wear mechanisms 146–148, 161–164
wear rate 152
– depth 159
weight, molecular 300
weight loss thermogram 16
wide-angle X-ray diffraction (WAXRD) 3

x
X-band ESR 285
X-ray diffraction (XRD)
– PMA 288
– rheological characterization 263
– Somasif ME-100 295
– wide-angle 3, 6–7
X-ray photoelectron spectroscopy (XPS)
– CNT-based PNCs 130–135
– POSS-PNCs 126–128
xyz scanner 187–188

y
yield, char 49
yield stress 11
Young’s modulus 193–195, 200–206
– polymer interfaces 209–212
– SEBS 215–218

z
Zeeman interaction 230
zinc sulfi de 154


