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see also meta-aramids; para-aramids
area, specimen 242-3
Armourcd Fighting Vehicle (AFV)
crewmen’s clothing 513
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Army Combat Shirt (ACS) 511-12
Army Combat Uniform (ACU) 51i-12
aromatic polymers 203, 533
aryl phosphatcs 50-1
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flame spread tests 541-2, 543
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296-7
automotive sector see road vehicles
average heat release rate 548, 549-56
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356
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see also halogen-containing flame
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potential application arcas 133—6
bum injuries 493, 496-9
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fire test methods 585-6, 587-8,
589-93
fireproof cabin 596
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results 345-8
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sheathings 114, 133-4
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eaged bicyclic flame retardants 75-6
calerific potential 303
candidate designs 454, 455
carbon dicxide 340, 5456
carbon digxide laser eell 521
carbon fibres 34-5, 402-3
composite flammability 409-12
carbon monoxide 260, 276, 5456
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mechanism of flammability reduction
109-11
carbon nanotubes (CNT) 29-30, 101-2,
429-30
mcchanism of flammability reduction
109-11. 112
earbonaceous protective layer 165-71
carboxyethylmethylphosphinic acid
(CEMP) &3, 84
carboxyethylphenylphosphinic acid
(CEPP) 83, 84
cargo compartment, aircraft 585-8, 593,
596
CASICO cable 343-9
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calalytic cracking 217
cause-related fire incidence 367-8
CBRN (chemical, biological, radiological
and nuclear) protection 470-1
CE marking 294, 295, 318
AoC levels 296-7
cellulose acetate (acetate rayon) 24
cellulosic/viscose rayon (regenerated
cellulose) 201-2
ceramic coatings 416-17
ceramic fibres 356
ceramic malrix composites (CMCs) 399
certification
aircraft 573, 597
electrical engineering and electronics
31718, 328
Cenrtified Body (CB) Scheme 317
char formation 262, 408-9
Char-Guard 327 54
char promotion 138, 179
chemical analysis 277
chemical recycling 215, 216—-17, 218-19
flame retarded polymers 222-3
chemically cured systems |60
China Compulsory Certification (CCC)
Mark 328
chlorine-containing flame retardants
environmental concerns 191-2
phosphorus and chlorine-containing
flamc retardants 167-8
see also halogen-containing flame
retardants
cigareties 207
Civil Aeronautics Agency (CAA) 575
Civil Air Regulations (CARs) 575
Classification ccrtification 317-18
clay nanocomposites 27, 30-1, 115-16,
427-9, 430, 535
functionalising group type and stability
126-30
layered silicates 98, 99-100, 109, 110,
11
Cloisite clays 126, 127, 128, 140, 141,
142, 144-5, 147
closed box tests 279
clothing 275
environmentally friendly flame
resistant cotton 193-6
ignition of and bum injuries 498, 499
protective see firefighters’ protective
clothing; military fabrics
Clothing Area Network (CLAN) 484-5
coatings 4, 132, 159-87
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additives 165-9
coating levels vs nanofilm challenges
179-80

composites 416-18
cotton 18, 171-3
halogen replacement in back-coated
textile formulations 1714
inturnescent 416-17
formation of protective layer 169-71
military and naval applications
537-8
main types of fire retardant coatings
[61-71
novel/smart approaches 17980
plasma-initiated 1814
potential applications of
nanocomposites 148-9
role of nanoparticles 174-5
volatile phosphorus-containing species
175-8
cobalt chelate 72-3
co-cured resins 427
Code of Federal Regulations (CFR} 574
codes, fire safety 249-50
cold plasma technologies 19, 21
colemanite 74
collisions 458, 461
combinations of nanoparticles 116
eombustion furnaces 520
compatibilisers 131-2
composites 4, 95, 398442
aircraft 400, 404-5
air ducting 582
fuselage 597
core materials 4034, 416
fire retardant solutions 416-30
additive and reactive fire retardants
419-25
co-curing of different resins 427
hybridisation of reinforcing fibres
418-19, 420
nanoparticie inelusion 427-30
resin modification 425-7
surface eoating and thermally
insulative layers 416-18
flammability of composites and their
constituents 407-16
future trends 435
key issues and performance
requirements by sector 4047
maritime and naval applications 400,
406-7, 527, 538-64
fire performance regulations 531,
532
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fire performance and test methods
54064, 565
mechanical properties 4304, 435
degradation during and after fire
430-3
post-fire mechanical performance of
fire retardant eomposites 4334
potential applications of
nanocomposites 149-52
reinforcing fibres see reinforcing fibres
resins see resins
and their constituents 4004
thickness 414, 415
types of 398400
conductive heat transfer 468
measurement of protection against for
firefighters” prolcctive clothing
479-80
cone calorimetry 106-8, 240, 241-2, 249,
321, 323
composites 5478
fire toxicity testing 278-9
ignitability 265
measurement of heat release 269-71,
272
peak heat release rates of ear
eomponents vs random plastics
446, 447
‘confined to building’ fires 3150-1
‘confined to item’ fircs 350-1
‘confined to room’ fires 350-1
eonstruction/building 292, 293-309,
3267
Attestation of Conformity 296-7
CE marking 294, 295
EU requirements and tests 2934
Euroclasses 294, 298-301, 302
fire testing of construction products
Jo1-9
harmonised product standards 297-8
heat release measurement for
regulations and eontrol of
construction products 274-5
notified bodies 297
Construction Products Directive (CPD)
294, 326-7
essential requirements (ERs) 294
consumer electronics 310, 318-19
Consumer Product Safety Commission
(CPSC) 3126
consumer products 2. 36397
active and passive countermeasures
369
balance of risk 373-7

benefits of flame retardants in 377-81
differentiating the effects of smoking
and smoke alarm trends 381-91
fire hazards and risks in residential
fires 364-7
future issues 3914
eompeling and eontradictory
regulations 393
controlling and eliminating exposure
risks 392-3
maintaining knowledge of fire
impacts 391
targets for improvement in fire risk
reduction 3934
understanding exposure to flame
retardants 391-2
primary risks of flame retardants in
369-73
product and cause-related fire
incidence 3678
role of flame retardants in reducing fire
hazards and risks 368-9
contact heat 468
measuring protection against for
firefighters’ protective clothing
479-80
convective heat 468
measuring protection against for
firefighter’s protective clothing
478-9
copolymerisation 826
eore materials 4034
and composite flammability 416
core spun yams 196-7, 198-9
cost 69
cost-benefit analysis (CBA) 357
cotton 15-19
back-coated and halogen replacement
1713
cotton/nylon blends 33—4
environmentally friendly flame
resistant cotton 193-7
potential applications 193-7
research needs 193
military fabrics 196-7, 500-2
flame retardant eotton blends 501-2
flame retardant treatments for 100%
eotton 500-1
cotton batting 200-1
engineered 198
cover fabries 197-9
cracking 216-17
critical flux at extinguishment 542, 544
critical heat flux for ignition 265



curing agents 426
cyelic phenoxy-phosphazenes 43
cyclic phosphonates 46, 171-2, 178

DDG-1000 Zumwalt class destroyer 115
death, risk of 374-5
decabromodipheny! ether (decaBDE) 55,
167, 191-2, 199, 206, 220, 222
replacement of 171-3
risk reduction strategies 2056
toxicology 370-1
VECAP risk management 204-5
decontamination 337
decorative textiles, aircraft 578, 579,
581-2
deflagration 495
delaminated nanocomposites 103-4, 105
Department of Transportation (DOT)
(US) 575
depolymerisation 216, 262
design criteria 454, 455
detonation 495
developing fire 257
DGDPS 85, 86
DGMPS 85, 86
dialkylphosphinate salts 45
diammonium hydrogen phosphate
{DAHP) 78
dihydrie phenol product 48-9
dihydrodihydroxycarbonylpropylphospha-
phenanthrene oxide (DDP) 834
dihydro-oxaphosphaphenanthrene oxide
(DOPO) 46, 48
diluents 261-2
dimethyloldibydroxylethyleneurea
(DMDHEU) 15-17
dimethylpropylene spirocyclic
pentacrythniol biphosphonate
(DPSPB) 74-5, 76
dioxins 2
Fire-LCA model 341-2, 347-8, 351-4
dipentaerythritol 150-2
dispersion 132-3
disposal see recycling and disposal
divisions, fire resisting 540, 558-64, 565
dopotriol 84, 85
dose-response assessment 191
draperies 581-2
dripping 262
duets
aircraft 578, 579, 580, 582
fires penetrating through in cars 459
durability requirements, military fabries
521-2
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ease of extinction tests 266-9
economic costs and benefits 378-81, 382
edge effects 2456
efficiency, flame-retardant 68
halogen replacement and improving
69-73
electrical components, arrcraft 578, 579,
583
tests on wire insulation 588-9
electrical conductivity 102
electrical engineering and electronics
(E&E) equipment 292, 309-19,
327-8
CE marking 318
certification 31718
external ignition sources 318-19
fire safety requirements 310
fire safety standardisation 311
fire tests 311-16
German VDE approval procedures 318
Elementis Specialities clays 126, 127,
144-5
emergency firefighting conditions 469
encapsulation 77-9, 207
endocrine disruptors 208
energy recovery 215, 217-20
recycled polymers 223
energy use in Fire-LCA maodel 339-40,
345, 346
engine compartment fires 452, 457,
45860
engine covers 444, 459, 460
engineered cotton batting products 198
engineering design and analysis 250, 463
environmental impact 2
environmentally friendly flame resistant
textiles 2, 188-212
desirable properties of flame retardant
chemicals 190-3
future trends 2068
inherently flame retardant fibres
201-4
key environmental/ecotoxicological
issues 189-90
potential applications for cotion-based
textiles 193-7
potential applications for mattresses,
bedclathes and upholstered
furniture 197-201
risk management programmes 204—3
risk reduction strategies 205-6
epoxy resins 131, 401-2, 412-14
epaxy/amine hybrid resins 84
epoxy/LDH nanocomposite 113
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phosphorus-based flame retardants
48-50, 113
EpSi 85, 86
equivalence ratio 259, 260
essential requirements (ERs) 294
ethylene vinyl acetate (EVA) 114, 1334
ethylenediamine phosphate (EDAP) 534
Euroclasses 294, 298-301, 302
FEuropean Aviation Safety Agency
(EASA) 573
European Chemicals Agency 205
European Committee for Electrotechnical
Standardization (CENELEC) 311
European Union (EU)
Construction Products Directive (CPD)
294, 326-7
decaBDE 192
Registration, Evaluation and
Authorisation of Chemicals
(REACH) 205, 373
regulations 292
building/eonstruction 293-309,
326-7
fire testing of eonstruction products
301-9
rail vehicles 320-1, 322, 323, 328
residential fire statistics 366—7
Restriction of Certain Hazardous
Substances (RoHS) Directive 220
standards for firefighiers’ protective
elothing 476
Waste Electrical and Electronic
Equipment (WEEE) Directive
220-1
exfoliated nanoeomposites 1034, 105
Exolit OF products 45, 49
explosion 493
exposure assessment 191
exposure to flame retardants 189
controlling and eliminating exposure
risks 392-3
hazards and risks 372-3, 376-7
need to better understand 391-2
exposure pathway 189
exposure route 189
extended-chain polyethylene (ECPE)
413-14
external ignition‘heat sources
electrical engineering and electronics
equipment 318-19. 328
road vehicles 452, 461
extinguishment in Fire-LCA model 336-7

fabric construction 5046

Federal Aviation Administration (FAA)
573, 574, 575-7, 596-7
Federal Aviation Regulations (FARs)
161, 404-5, 5747
federal countries 293
Federal Motor Vehicle Safety Standard
FMVSS 302 test 4, 13—14, 160-1,
237-8, 239-40, 4435, 446, 462,
4634
feedstock recycling 215, 216-17, 218-19
flame retarded polymers 2223
fibre-reinforced compesites see
composites
fibres
ingrganic man-made fibres 34-6
natural fibres 14-23, 36
potential applications of
nanocomposites 13647
reinforeement see reinforcing fibres
synthetic fibres 23-34, 36-7
field trials 4756
FIGRA index 307
fillers 419-20
filling materials for furniture 2001
films, nanocomposite 136-47
Finland CLAN smart fire suit 484-5
Fire-CBA 357
fire classification 3023
fire curves 560, 561
fire growth models 286
Fire-LCA model 332, 334-56, 357
cable 343-9
furniture 349-55
television 337-43
fire propagation apparatus 271-3, 285
Fire Protection Research Foundation of
NFPA (FPRF) 448-50
fire resistance 575
fire resistanee testing 255, 256, 263
fire resistant divisions 540, 558-64, 565
fire restricting materials 540
room/comer test 548-58
fire risks/hazards
maritime and naval 528-9
military 494-5
residential fires 364-7
fire-safe cigarettes 207
fire safety codes 249-50
fire safety regulations see regulations
fire scenarios (road vehicles) 452, 454,
455, 457-61
fire stages 256-7
defining 25861
fire standards, EU (fEN) 298



fire statistics 1, 910, 11, 335, 337
importance of collecting 391
residential fircs 365-8
road vehicle fires 443, 444, 447-8, 449

Fire Test Procedures (FTP) Code 292,

321-4, 328-9, 407, 529-30

fire-test-response characteristics 251

fire testing 3-4, 255-90
aircraft materials 585-96
areas of fire testing 255-6
chcmical and physical processes 257-8
composites for maritime and naval

applications 540--64, 565
conditions of each fire stage 256-7
construction products 301-9
defining the stages of a fire 25861
electrical engineering and electronics

equipment 311-16
factors affecting ignitability and fire

development 261-2
fire resistance tests 263
fire toxicity testing 255-6, 275-86
firefighters® protective clothing 475-83
flammability tests see flammability

tests
measurement of heat release 269--75
nanocomposites 106-8, 114
prediction of fire behaviour from
material properties and models of

fire growth 286
principles and problems 262-3
reaction to fire tests 255-6, 263-9
road vehicles 445, 446, 455-7
standards and methodologies for

military fabrics 514-21

fire toxicity testing 255-6, 275-86
animal exposure methods 2767
chemical analysis methods 277
flow-through tests 282-6
general requirements 277-9
need to quantify toxic gases 2756
NIST radiant furace method 281-2
tests based on NBS smoke ehamber

252, 2801
toxic potency data 276

firefighters® protective clothing 4,

467-91, 514
future trends 483-6

firefighters’ work 483

new materials 4834

test method dcvelopment 486

wearable electronic technology 4845
heat exposure in different types of

firefighting eonditions 469-71
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materials 472-5
accessory matenals 474-5
moisture barrier 474
outer shell 472-3
thermal liner 473
underwear 475
measuring flame and thermal
performance 475-83
requiremcnts 46871
types and design of clothing 471-2
Firegard Brand Products 1989
fireproof aircraft cabin 596
firewalls 459
First Autack Fire Suit 51213
flame propagation rate 12
flame resistance 575
Flame Resistant Organisational Gear
(FROG) 511
flame retardancy 4, 9-40
developments in assessing 10-14
future trends 367
inprganic man-made fibres 346
natural fibres 14-23
synthetic fibres 23-34
Flame Retardant Environmental
Ensemble (FREE) System 513
flame spread index (FSI) 542, 543
flame spread test 13-14, 4767, 594
composites for maritime and naval
applications 541-3, 544
flaming combustion 188
fire toxicity tests 278
flammability
aireraft materials compared with other
applieations 584-5
defining 2334
polymer nanocomposites 1068
mechanism of flammability reduction
108-12
flammability tests 11-14, 233-54, 255-6
challenges in assessing material
flammability 249
eleetrical engineering and electronics
31112, 313, 314, 327
firefighters’ protective clothing 476-7
future trends in material flammability
assessment 251
limitations 250-1
nanocomposites 1068
type 1 tests 23440, 251
type IL.A tests 240-6, 251-2
type ILB tests 246-9, 251-2
uses of 249-50
flash resistance 575
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flashover 495, 528, 548
flashover time 213
flexural modulus 558, 559
flexural strength 431
floor coverings
aireraft 580. 582
EN 180 9239-1 test 308-9
Euroclasses 298, 300-1, 302
flow-through tests 2826
fluorescent materials 474
fluorocarbons 163, 164
foams
nanocomposite applieations 152
polymer 4034
polyurethane 50-1, 200
formaldehyde-based resins 163, 164
45-degree Bunsen burmer rtest 194, 586-7

FQ-POSS 28
FR-370 51-2
France

furniture regulations 326
rail vehicle regulations 320
FS-2 54
fuel production 261
full-scale tests 462-3
military fabrics 520-1
room/comer test for composites with
maritimc and naval applications
548-58
fully developed fire 257
fumed silica 174, 175
functional unit 333
functionalising groups 995-100
type and stability 126-30
furans 34]-2, 3514
fumiture
Fire-LCA model 349-55
results 3514
statistical fire model 349-51
fire safety requirements and tests
324-6, 329
UK 1988 regulations see United
Kingdom
upholstered furniture and
environmentally friendly flame
retardant applications 197-201
fuselage, composite 597
fusible polymers 1634
Fyrol PMP 49-50
Fyrol PNX 50
Fyrolflex BDP 44
Fyrolflex RDP 43-4
Fyroltex HP 196

gasification (partial oxidation) 216
gelcoats 417
Germany
Chemikalienverbotsverordnung 221
rail vehicle regulations 320
VDE approval procedures 318
glass fibres 35, 402
composite flammability 409-12
glow-wire tests 312-16, 327
glowing/smouldering combustion 188
goal and scope definition 333
GORE-TEX 510
grafied-PP 131-2
graphite 99

Haloclean process technology 223
halogen-containing flame retardants 2, §§,
420-1
challenges posed by replacing 67-9
eoatings and laminates 166-8
see also bromine-containing flame
retardants; chlorine-containing
flame retardants
halogen-free flame retardants 2, 67-94
atternpts at suecessful halogen
replagement 6973
back-coated textile formulations 171-4
challenges posed by replacing halogen-
containing flame retardants 67-9
flame retardancy and anti-dripping
properties 73—6
flame retardancy and mechanical
properties 76-86
future trends 867
hardeners 426
harmonised product standards (hREN) |
297-8
hazardous firefighting conditions 469
hazardous malerials firefighting 470
hazards 190
human exposure hazards and flame
retardants 372-3
identification 150-!
and risks in residential fires 364-5
role of flame retardants in reducing
368-9
see also fire risks/hazards
heat exposure, firefighters and 46971
heat flux 414
military fire hazards 494-5
heat reflective finishes 180
heat release 14
mcasurcment 269-75
bench-scale measurement 26973



large-scale measurement 2745
microscale measurement 273
reduction and road vehicles 464
total (THR) 542, 544, 548, 549-56
heat release rate (HRR)
aircraft cabin materials 589-91
charring materials 244
composites
fibre type and 409-12
maritime and naval applications
547-8, 549-36
peak see peak heat release rate (PHRR)
heat source (ignition source) 257
characteristics 264
effects and flammability tests 238,
241-2, 2489
heat for sustained burning 542, 544
heat transfer 12—13. 468-9
measuring protection against 477-80
heat transfer index (HTI) 479, 520
heavy-duty electrical enelosure
applications 134
hexabromocyclododecane (HBCD) 192,
199, 206, 372
hexakis(methoxymethyl) melamine
(HMMM) 84, 85
high performance fibres 23, 31-3
high speed craft
fire resisting divistons 560
HSC Code 407, 529
Hofmann elimination reaction 100
honeyeomb eores 403
honzontal flame test 266-7, 311, 312,
313
aircrafl 576, 587-8
hot melt processes 160, 1634
human subject tests 475, 4812
hybridisation of reinforcing fibres
418-19, 420
hydroearbon emissions 340, 342, 345-7
hydroeracking 217
hydrogen chloride 545-6
hydrogen eyanide 260, 545-6
Hydroweave 484
hydroxide functional organophosphorus
oligomer (HFPO) 15-17
hydroxy double salts (HDS) 99, 100

ignition 257
factors affecting ignitability 264-5
factors and vehiele fires 448, 449
reaction to fire tests 264-6
time to see time to ignition
ignition pilot 242
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ignition sources see heat spufces (ignition
sources)
ignition temperature 263, 264, 265
imidazolium derivatives 100, 116, 129-30
immiseible nanocomposites 103
impact assessment 3334
improvised explosive devices 509
incapacitation concentration to 50% of
exposed population (1C50) 276
induction period 256-7
Indura 501
Indura Ultra Soft 502
intormation technology 310, 318-19
inherent flame retardancy 82, 83, 201-4,
502-4
inhibitors 261-2
inorganic flame retardants 168-9
see also alumina trihydrate (ATH);
magnesiun hydroxide
inorganic man-made fibres 346
inorganic phosphorus compounds 56
insularion
thermal-aeoustical in aircraft 578,
579-81
fire testing 394, 595
thermally insulating layers in
composites 416-18
interealated nanocomposites 1034, 105
interfacial polymer 956
interior fabric fire blocking barriers
198-9
interior panels, aircraft 578, 579, 581
interlayer fire bloekers 23, 25
International Civil Aviation Organization
(ICAQ) 574
International Code of Safety for High-
Speed Craft 407, 529
International Convention for the Safcty of
Life at Sea (SOLAS) 247, 292,
529
International Eleetrotechnical
Commission (1EC) 292-3, 311
International Electrotechnical Committee
for Conformity Testing to
Standards for Electrical
Equipment (TECEE) 317
International Forum of Fire Research
Directors 285
International Maritime Organization
(IMO) 247, 321-4, 328-9, 407,
529
‘A’ class divisions 55960
FTP Code 292, 3214, 328-9, 407,
529-30
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HSC Code 407, 529
latera! ignition and flame spread test
(LIFT) 265-6
International Organization for
Standardization (ISO) 293, 311,
332
fire stages 258, 259
intumescent flame retardams 17-18,
20-1, 74
coalings for composites 41617
coatings and laminates 169-71
eombined with nanoparticles 136,
13841
intumescent/fire retardant fibre
interactive fire retardant systerns
423-5
maritime and naval applieations
537-8
phosphone-based 524
inventory analysis 333
Iraq 496, 497, 509
isobutyl bis(hydroxypropyl) phosphine
oxide (IHPOGly) 84, 85

K-131 submarine 494
Kabelwerk Eupen AG 114, 133
kaolin 72
Kermel 5034
Kevlar 203
blended with Nomex for military
applications 503
knitted fabrics 29-30
Kynol 32, 504

label legibility 519
laminates 4, 159-87
main types of fire retardant 161-71
additives 165-9
intumescent systems 169-71
novel or smart approaches 179-80
role of nanoparticles 174-5
volatile phosphorus-containing species
175-8
lateral ignition and flame spread test
(LIFT) 2656
laundering 522
layered double hydroxide {LDH) 98-9,
100
layered nanocomposites 98-100
layered products 249
layered silicates 98, 99-100
mechanism of flammability reduction
109, 110, 111
layers, clothing 505-6

Lenzing FR 202
lethal concentration to 50% of exposed
population (LCxyp) 276
life cycle assessment (LCA) 4, 331-59
cable case study 343-9
furniture case study 349-53
future trends 356-7
method 3327
Fire-LCA system description 334-7
risk assessment approach 334
television case study 33743
life eycle inventory (LCI) 332-3
limiting oxygen index (LOI) 12, 106,
108, 268-9
linings
aircraft 578, 579, 582-3
test for cargo liners 593
Euroelasscs 298, 301, 302
Listing certification 31718
long-term health effects 376
low-temperature heating elements 241-2
low velocity impact (LVI) response 432
Lyocell 24

macromolecular chelates 72-3
magnesiumn hydroxide 68, 77, 168-9
mantkin tests 12—13
firefighters’ protective clothing 475,
481
military fabrics 519, 520-1
maritime and naval applications 5, 115,
527-72
composites 400, 406-7, 527, 53864
fire performance and test methods
54064, 565
performance regulations 531, 532
fire safety regulations 529-31
maritime vessels 321-4, 328-9,
529-3)
naval vesscls 531
fire threat 528-9
methods of reducing flammability
531-8
flame retardants 534-7
intumescent coatings 537-8
modification of chemical structure
5334
smoke chamber test 280-1
mass loss cone fire test 462, 463
mass loss rate reduction 10812
mattresses 197-201
maximum optical density 545-6
McDeonnell Douglas 576
measurement uncertainty 252



mechanical properties
composites 4304, 435
degradation during and after fire
430-3
post-fire mechanical performance of
fire retardant composites 4334
halogen-free flame retardants and 68,
76-86
additive type and intrinsically flame-
retardant polymers 79-82. 83
encapsulation and
microencapsulation 77-%
reactive type flame retardants and
copolymerisation 82—6
mechanical recycling 214-16
flame retarded polymers 222, 223
melamine 200, 371
melamine cyanurate (MCA) 45, 78, 113
melamine phosphates 42, 53, 150-2, 178
coaftings and laminates 169, 170
Melapur 200 53
melt dripping 69
halogen-free flame retardants and ant:-
dripping properties 73-6
melt viscosity 130-1
melting 249
membranc structures, military 507-9
meta-aramids 32-3, 203
blends with PBO 472-3
metal chelates 71-2
metal hydroxides 135-6, 419-20
metal matrix composites (MMCs) 399
methylol
dimethylphosphonopropionamide
(MDPA) 17
microcapsulated red phosphorus (MRP)
78
microcomposites 103
microencapsulation 77-9
military fabrics 4, 492-526
applications of flame retardant textiles
507-9
clothing 509
structural 507-9
burn injuries 493, 4969
clothing protection 499-500
existing flame retardant solutions
500--7
cotton 500~
cotton blends 196-7, 501-2
garment design and fabrie
construction 504-6
inherently flame resistant synthetics
5024
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nonwoven fabrics 506-7
fire hazards 4946
future trends 522-3
performance standards and durability
requirements 521-2
testing standards and methodologies
514-21
bench-scale tests 515-20
full-scale tests 520-1
types of military clothing 51013
modacrylics 201
moisture
barrier 474
effect on firefighters’ protective
clothing 482
molecular modification of chemical
structure 5334
monoguanidine dihydrogenphosphate
(MGHP) 17
monohydric alcohols 50
montmonllonite (MMT) 19, 98
mounting, spccimen 23940, 2456
MPC 13841, 142
multi-climate protection system (MCPS)
510-11
multivariate analysis 356
multi-walled carbon nanotubes (MWNT)
29-30, 1012
municipal solid waste (MSW) 217

N-Class Divisions 560~1
polymer sandwich composites 561-4,
565
nanocomposites 3, 19, 20, 37, 95-158,
179-80, 483
applications for flame retardant
nanocompasites 114-15
applications and proeessing challenges
125-33
dispersion 132-3
effect on rheology 130-2
functionalising group type and
stability 126-30
elay-based see clay nanocomposites
combined with conventiona! flame
retardants 87, 112-13, 136,
138-46
determination of morphology 104-6
environmentally fricndly flame
resistant textiles 207
flammability 106-8
formation 103—6
future trends 115-17, 153
halogen-free flame retardants 70, 87
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history in flame retardancy applications
97
mechanism of flammability reduction
108-12
one-dimensional 98—100
plasma-coated polyamide 6 films
182-3
potential application areas 133-52
bulk polymeric components 133-§
coatings 148-9
composites 149-52
films, fibres and textiles 13647
foams 152
role in composites 427-30, 435
three-dimensional 102
two-dimensional 101-2
Nanocor Inc. 126, 132-3, 134
nanofilms 179-80
nanoparticles 96
inclusion in resin and fibre components
of composites 427-30, 435
for nanocomposile use 98-102
rolc in coatings and laminates 1745
NAS report 192-3
National Fire Protection Association
(NFPA) (US)
FPRF white paper 448-50
hazard and nisk committee (HAR)
450-2
NFPA 556 draft of 2007 45163, 464
approaches to key fire scenarios
457-61
background information for fire
hazard 453, 454
draft recommendations 462-3
methodology to decrease fire hazard
453-7
NFPA 2112 testing standards 514,
518-19
room/corner test 247-8
National Highway Traffic Safety
Administration (NHTSA) (US)
445, 446
natural fibres 14-23, 36
see also cotton
natural rubber 162, 164
naval applications see maritime and naval
applications
Naval Sea Systems Command (NAVSEA
or Naval Technical Authority)
531
NBS smoke chamber 252, 280-1
needle-flame test 316
needle-stick injuries 409

Netherlands, the 484

new materials 4834

NEX 70-100 test 282-3

nickel formate 70-1

NIST radiant furnace method 281-2

nitfogen-containing flame retardants 87

Noflan 21

Nomex 32-3, 203, 502-3
Limitedwear military coverall 512

non-break-open protection 503

non-combustibility test 303, 304

non-flaming fire stage 258-61

nonwovens 22-3, 506-7, 5§22-3

notified bodies 297

novoloid fibres 504

nylon see polyamides

octabromodiphenyl ether (octaBDE) 191
office electronics 310, 318-19
Ohio State University {OSU) calorimeter
14, 589-90

oil bumer test

bum through resistance of thermal/

acoustic insulation 595

cargo liners 593

seat cushions 592-3
oligomeric phosphate-phosphonate 178
oligomeric phosphates 42
oligosalicylaldehyde complexes 71
one-dimensional nanocomposites 98-100
open tests for fire toxicity 2789
organically modified clays 99-100
orientation, specimen 239, 244-5, 262
Orkla mine sweeper 540
outer shell protective clothing 472-3
oxide fibres 35, 36
oxidized PAN fibres 32
oxygen consumption principle 547-8

packaging derived fuel (PDF) 220
para-aramids 32, 203
partial oxidation (gasification) 216
passenger compartment fires, in cars 452,
457, 458
passive counterrmeasures 369
benefits of passive and active measures
working together 386-8
PBI Gold 504
PBT 47
peak heat release rate (PHRR) 96, 262-3
maritime and naval composites 542,
544, 548, 549-56
nanocomposites 107-8
Pearl Harbour 498



penetration of fire retardant upholstered
fumiture 389-91
pentabromodiphenyl ether (pentaBDE)
55, 191
pentabromodiphenyl oxide 50
pentaerythritol (PER) 78-9, 13841, 142
performanee-based codes and regulations
250
performance standards for military fabrics
5212
persistence 190
phenolic cesins 48, 402, 412--14, 5334
Phoslite series 55
phosphate-phosphonate ester flame
retardant 196
phosphine oxides 49
phosphinie acid esters 42
phosphonic acid esters 42-3
phosphonium-substituted clays 99100
phosphoramides 45
phosphoric acid esters 42
phosphorus-containing regenerated
cellulose 202
phosphorus flame retardants 2, 41-66, 87,
206, 42]
for cellulosies 195-6
coatings and laminates 165-6
halogen replacement 172-3
cover fabrics 199
epoxy resins 48-50, 113
future trends 55-7
main types of 42-3
nanoeompositcs 150-2
phosphorus and chlorine-containing
flame retardants 167-8
polycarbonate and its biends 43-5
polyesters and nylons 45-8
polyolefins 51-5
polyurethane foams 50-1
vapour-phase active systems 57, 166,
173, 175-6
volatile phosphorus-containing species
166, 173, 175-8
phosphorus-nitrogen containing
inturmescent flame retardant (P-N
[FR) 75-6
phosphorus oxynitride (PON),,, 47
phthalonitrile resin 534
pilot flames 242
PIPD (M5) 32
plasma graft polymerisation 19, 21, 1814
plasma treatment 37, 483
Plastics Recognized Component
Directory 318
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PNX 50
Polartee fabrics 510-11
polyacrylonitrile nanoeomposites 147
polyamides 26-7, 113
nanocomposite films 13841, 182-3
nanocomposites 27, 137-8
phosphorus flame retardants 45—8
polyaromatic hydrocarbon (PAH)
emissions 340, 342, 352, 3534
polybenzimidazole (PBI) 472, 504
PBI Gold 504
polybenzoxazole (PBO) 32, 472-3
polybrominated biphenyls (PBBs) 220
polybromodibenzodioxines and furans
(PBDD/F) 221, 222
polybromodipheny! ethers (PBDEs)
191-2, 220
polycarbonates 43--5
polycarboxylic acids 196
polychlorodibenzodioxines and furans
(PCDD/F) 223
polydimethylsiloxane (PDMS) star
polymers 82
polyester 246
batting 201
cotton/polyester blends 33, 502
inherently flame retardant 202
phosphorus-based flame retardants
45-8
polyhedral oligomerie silsesquioxanes
(POSS) 85, 102, 534
mechanism of flammability reduetion
11-12
polyhydroxy propylene spirocyclic
pentaerythritol biphosphonate
(PPPBP) 25-6, 75
polylactic aeid (PLA) 24, 26
polymelamine fibre 204
polymer composites see composites
pelymer foams 4034
polymer fuel 220
polymer matrix composites (PMCs)
399400
see also composites
polymeric additive-type halogen-free
flame retardants 79-82
polymerisation 103
polymethyl methacrylate (PMMA)
nanocomposites 107, 108
pelyolefins 51-5
PolyOne Maxxam FR products 114
polypropylene 27-31, 202
nanocomposites 141-6
polystyrene nanocomposites 107, 134-5
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polysulphonyl diphenylene
thiophenylphosphonate (PSTPP)
80

polysulphonyl phenylenephosphonate
(PSPPP) 79-80
polytetrafluoroethylene (PTFE) 583
polyurea 535-7
polyurethanes 163, 164
foams 50-1, 200
polyvinyl alcohols (PV As) 163, 164
polyvinyl ehloride (PVC) 133-4, 162,
164
cable and LCA 343-9
pool fires 452, 457, 461
precondensate/ammonia process 195
primary fires 336
primary mechanical recycling 214, 215
Proban 500-1
Proban CC 13841, 142
product-related fire incidence 3678
production control 250
protection goals 258
protective barriers 108-12
protective clothing
firefighters® see firefighters’ protective
clothing
military see military fabrics
standards and performance
rcquircments 514, 516-17
protective layer, carbonaceous/vitreous
169-71
protective spring assembly 506
PsiNII 81, 82
Purser furnace 283-5, 286
pyrolysis 21617
pyrolysis-combustion flow calorimetry
(PCFC) 273
Pyrovatex 195-6, 500, 501

radiant furnace toxicity test 281-2
radiant heat 468
heat source effects in flammability
tests 241-2
measuring protection against for
fircfighters’ protective clothing
477-8
radiant hcat transfer index (RHTI) 477,
478, 520
radiant panel test 308-9, 321, 322, 594
railway vehicles 280-1
compositcs 405-6
regulations 320-1, 322, 323, 328
reaction to fire tests 255-6, 263-9
cone calorimeter 265

ease of extinction tests 266-9
ignitability and flame spread 2645
LIFT/spread of flame apparatus 2656
see also fire toxicity testing;
flammability tests
reactive flame retardants 56
composites 419-25
halogen-free 82-6
phosphorus-based 195-6
Recognition certification 317-18
recycling and disposal 3, 213-30
directives on 220-1
processes 214-20
reeyclability of flame retarded
polymers 221-3
red phosphorus 47-8, 55
encapsulation 77-8
reduced ignition propensity (RIP)
cigarettes 207
refuse derived fuel (RDF) 217
regencrated ccllulose 201-2
Registration, Evaluation and
Authorisation of Chemicals
(REACH) 205, 373
regulations 3—4, 249-50, 291-330
building/construction 292, 293-301,
326-7
competing and contradictory 393
engineering and electronics equipment
292, 309-19, 327-8
fire testing of construction products
274-5, 3019
furniturc 324-6, 329
UK 1988 rcgulations see United
Kingdom
futurc trends 326-9
heat releasc tests for regulations and
control 274-5
history of aircraft rcgulations 574-7,
578
maritime and naval 321-4, 328-9,
529-31
overview 291-3
transportation 3204, 328-9
rail vehicles 3201, 322, 323, 328
road vehicles 445-7
reinforcing fibres 95, 402-3, 539
fibre type and flammability of
compositcs 409-12
resin/fibre combinations 412-14
hybridisation 418-19, 420
inclusion of nanoparticles 427-30, 435
Reogard products 52, 54
rcscue tasks, firefighters® 470, 472



residential fires 363
fire hazards and risks 364-5
in the UK, US and Europe 365-7
targets for improvement in risk
reduction 3934
see also consumer products; smoke
alarms
resins 401-2, 538-9
co-cuning of different resins 427
nanoparticle inclusion 427-30, 435
resin/fibre combinations 412-14 -
rcsin modification 425-7, 533-5
type and flammability of eompaosites
407-9
resoreinol bisdiphenyl phosphate (RDP)
434
resorcinol bisdixylyl phosphate (RXP) 44
Restriction of Certain Hazardous
Substances (RoHS) Directive 220
retainer frame 245-6
retro-rcflective materials 474
rheology
of decomposing polymer 262
of manocomposites 130-2
risk 190
primary risks of flame retardants in
consurner products 369--73
role of flame retardants in reducing
3168-9
see also fire risks/hazards
risk assessment 334
risk-benefit analysis 363-97
balance of risk 373-7
benefits of flame retardants in
consumer products 377-81
differentiating effects of smoking and
smoke alarm trends 38]-91
importance of understanding risks and
benefits 3649
risk managcment programme 204-5. 371,
373
risk reduction strategies 205-6
road vehicles 4-5, 1601, 44366
composites 4056
FPRF white paper 448—50
improving survivability 4634
NFPA 556 guide 2007 draft 45163,
464
NFPA hazard and risk committee 450-2
regulatory requirements 445-7
US statistics 443, 444, 447-8, 449
room/comer test 2468
composiles with maritime and naval
applications 548-58
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construction products testing in the EU
3046
routine firefighting eonditions 469
Royal Navy 501, 509
rubbers 162, 164

Safety of Life at Sea (SOLAS)
Convention 247, 292, 529

SaFRon 5371 52

sagging 249

sandwich composites 539

fire rcsistant divisions 5614, 565

scaffolding effect 413

scenarios, fire {road vehicles) 452, 454,
455, 45761

scorch 50, 51

screening tests 250, 462, 463

SCRIMP composite fabrication method
539, 540

seat cushions, aircraft 576-7

oil burner test 592-3

seats, aircraft 578, 579, 580

secondary fires 336

secondary mechanical recycling 215-16,
222

self-extinguishing epoxy-LDH
nanocomposite 113

ships see maritime and naval applications

short-term injury, nsk of 375-6

shredding technologies 21516

shrinkage 480, 518

silica, fumed 174, 175

silica-containing regenerated cellulose
201-2

silicon carbide fibres 35

silicon-containing flamec retardant epoxy
resins 85, 86

silicone-based aliphatic polyamides 82,
83

silicone-based aromatic polyesters and
polyamides 82, &3

silicones 163, 164

silk 22

simulated chair 325

single buming item (SBI) test 274-5,
304, 306-7

single European market 2934

single-wall carbon nanotubes (SWNT)
101-2

60-degree Bunsen bumer test 588-9

sleepwear 193-6

small flame tests 23440, 307-8

small parts, aircraft 578, 579, 584-5

smart fire suit 4845
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smectite clays 98, 99-100
SMOGRA index 307
smoke 262
aircraft 576
cabin materials testing 591-2
composites for maritime and naval
applications 543-7
smoke alarms 381-91
trends 3846
smoke chamber tests 252, 280-1, 321,

323
smoking 381-91
trends 3814

smouldering/glowing combustion 188
soeio-economic factors 388-9
solvent-based systems 160
sorting technologies 216
Southern Clays Inc. 126, 127
spacer fabrics 505-6
specialized firefighting 469, 471
specific extinction area (SEA) 548,
549-56
specific optical density 5446, 591, 592
specifications, technical 250
specimen effects
area 242-3
mounting 23940, 245-6
orientation 239, 244-5, 262
thickness 239, 2434, 245
type I flammability tcsts 239-40
type ILA flammability tests 2426
type I1.B flammability tests 248-9
sphere/colloid-based nanocomposites
102
spirocyclic flame retardants 74—5
spread of flame apparatus 265—6
spring systems 505
sprinkler systems 394
standard substrates 303
standards 1889
electrical engineering and electronics
equipment 311
firefighters’ protective clothing 476,
489-91
harmonised product standards 297-8
military protective clothing
performance standards 521-2
testing standards and methodologies
514-21
static smoke chamber methods 251-2
statistical fire model 336-7
cable 344-5
furniture 349-51
television 338-9

steady state tube furnace methods 283-5,
286
steam 482
stiffness of composites 430, 432-3, 434
storage compartment fires, in cars 452,
457, 460-1
stored heat energy 483
strength of compositcs 430-1, 433, 434
structural fabrics, military 507-9
structural firefighting 469-70, 471, 483
structural integrity of composites 55864,
565
submarines 406—7, 494
substrate 244
standard substrates 303
Sud-Chemie AG 126, 127
surfactants 97, 100
survivability, improving in road vehicles
4634
sustainable development 356-7
synthetic fibres 23-34, 36-7
inorganic 34—6
military fabrics 502—4
synthetic rubbers 162, 164

tapestries, wool 581
Tecnofire ceramic webs 417, 418
televisions 363
Fire-CBA 357
Fire-LCA 33743
results 33942
statistical fire model 338-9
temperature
gradient in sandwich polymer
composites 564, 565
ignition temperature 263, 264, 265
tenability criteria 453, 454
tensile strength 431
tension membrane structures 507-9
tents, military 507-9
terrorism, war against 493
tetrabromobisphenol A (TBBPA) 55, 371
tetrabromodibenzo{p)dioxin-equivalents
{TBDD-equivalents) 341-2, 3514
tetrachlorodibenzo(p)dioxin-equivalents
(TCDD-equivalents) 341, 342,
347-8, 3514
tetrakis(hydroxymethyl) phosphonium
chloride (THPC) 15, 43, 195, 500
TGPS 85, 86
thermal-acoustical insulation 578, 579-81
fire tests 594, 595
thermal cracking (pyrolysis} 216-17
thermal inertia 258



thermal insulation layers, in composites
416-18
thermal liner 473
thermal protective index (TPI[) 515
thermal protective performanee 515-20
thermal resistanee, measuring 480
thread heat resistance 4801
thermogravimetric analysis (TGA) curves
409, 410
thermomechanical models 435
thermoplastic polyurethane (TPU) 133-4
thermoset polymers 538-9
thiekness
coating 180
composites 414, 415
specimen 239, 243-4, 245
thermal thickness 137, 180, 2434
thinness, thermal 137, 180, 2434
thread heat/melting resistance 480-1, 519
three-dimensional nanocomposites 102
time to ignition 263, 2645
composites 409-11, 548, 549-356
nanocomposites 967
total heat release (THR) 542, 544
composites 548, 549-56
toxic gas products 3645
aircraft 576
composites with maritime and naval
applications 543--7
fire stages and 260-1
generation 277-9
quantification 2756
toxicity
characterisation of 190~|
fire toxicity testing see fire toxicity
testing
traffic accidents 470, 472
transition metal salts 1734
transmission electron microscopy (TEM)
104-5
transportation 4-5
reguiations 292, 3204, 328-9
rail vchicles 320-1, 322, 323, 328
ships 321-4, 328-9
see also aircraft; road vehicles
Trevira CS 25, 202
triaryl phosphates 50-1, 54
triazine polymers 74
tributy) phosphate (TBP) 176-8
tri-component fibres 522
trimethylolmelamine (TMM) 17
tnphenyl phosphate (TPP) 44, 176-8
triphenylphosphinc oxide (TPPO) 176
tris-chloropropyl-phosphate (TCPP) 372
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trunk, fires in 452, 457, 460-1
tube furnace fire toxicity tests 282-5, 286
tube/rod-based nanocomposites 101-2
see also carbon nanotubes (CNT)
tungsten filament lamps 242
two-dimensional nanocomposites 101-2
type I flammability tests 23440, 251
FMVSS 302 test 4, 13-14, 160-1,
237-8, 239-40, 445, 446, 462,
463-4
general concepts 234
heat source effects 238
specimen effects 23940
standard ASTM small-flame exposure
ignition tests 234, 235
UL 94 vertical burning test 108,
235-7, 238, 239, 251, 266-8
type ILA. flaimmability tests 240-6,
2512
general concepts 240
heat source effects 241-2
observations and measurements 246
speeimen effects 242-6
type I1.B flammability tests 2469, 251-2
ignition source and specimen
configuration effccts 248-9
room/comer test 2468, 3046, 548-58

Ukanol FR30/1 46
underwear 475
Underwriters® Laboratories (UL)
certifications 317-18
UL-94 tests 310
classifications 237, 267
horizontal burn method 2667
UL-94 V-rated plastics 114
vertical burn test 108, 235-7, 238,
239, 251, 266-8
under-ventilated flaming 258-61
unit risk factor (URF) mode! 342, 3534
United Kingdom
building regulations 293
differentiating the effects of smoking
and smoke alarm trends 381-91
litc cycle assessment of furniture
349-55
1988 legislation on furniture 324-5,
363
benefits of 378-81, 382
DTI study on effect of 355
future prospective trends and
benefits 389-91
railway vehicle regulations 320
rcsidential fire statistics 365-8
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Royal Navy 501, 509
United States {US)
Ammy 513
Natick Soldier Center (NSC) 492,
522
Coast Guard 530-1
DOT 575
FARs 161, 404-5, 574-7
firefighters’ protective clothing 4701
FMVSS 302 test 4, 1314, 160-1,
237-8, 239-40, 445, 446, 462,
463-4
Marine Corps (USMC) 506-7
Navy 512, 558
N-Class Divisions 5604, 565
polymer composite structures 539
PBDEs 191-2
regulations 292, 293
fumiture 326, 329
residential fires 365-6
road vehicle fires 443, 444, 447-8, 449
smoking and smoke alarm trends
382-4, 385
unoccupied areas of aircraft 596
unsaturated polyester resins 40t
upholstercd furniture 197-201

Valzon 502
vapour-grown carbon nanofibre (VGCNF)
101-2
vapour-phase-active phosphorus systems
57, 166, 173, 175-6
vertical flame test 194-5, 311, 312, 313
aircraft 575-6, 585-6
military fabrics 515, 518
UL-94 108, 235-7, 238. 239, 251,
2668
vinyl acetate copolymers 163, 164
vinyl ester resins 401, 413-14, 535, 536
vinylidene chloride 201

vinylphosphates 56

viscose-Kermel blends 503—4

viscosity 130-1

visibility of clothing 474

VISIL 201-2

vitreous protective layer 169-71

volatile phosphorus-containing species
166, 173, 175-8

Voluntary Emissions Control Action
Program (VECAP) 204-5, 371,
373

wainscoting 581

warehouse structures, military 507-9

Waste Electrical and Electronic
Equipment (WEEE) Dircctive
220-1

waste stowage compartment 5867

wear, effect of 522

wearable electronic technology 4845

well-ventilated tlaming 25861

wholly aromatic thermotropie
copolyesters (PLCP) 80-1

wildland firefighting 470, 471

windows, aircraft 578, 579, 580, 5834

windshields, car 45960

wires see eables/wires

wood crib tests 325

wool 19-21

wool/PPTA blends 34
World Fire Statistics Centre 391
wrinklc-resist resin 196

X-ray diffraction 104

zinc borate 169

zin¢ hydroxy] stannate 169
zing stannate 169
zirconium eompounds 206
Zirpro process 20






