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UK 1988 regulations see United
 
Kingdom
 

upholstered furniture and
 
environmentally friendly flame
 
retardant applications] 97-20 I
 

fuselage, composite 597
 
fusible polymers 163--4
 
Fyrol PMP 49-50
 
Fyrol PNX 50
 
Fyrolflex BDP 44
 
Fyrolflex RDP 43-4
 
Fyroltex liP 196
 

gasification (partial oxidation) 216
 
gelcoats 417
 
Gecmany
 

Chemikalienverhotsverordnung 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 J88
 
goal and scope definition 333
 
GORE-TEX 510
 
grafted-PP 131-2
 
graphite 99
 

Haloclean process technology 223
 
halogen-containing flame retardants 2, 55,
 

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
 
attempts at suecessful halogen
 

replaeement 69-73
 
back-coated textile formulations 171--4
 
challenges posed by replacing halogen­


eontaining flame retardants 67-9
 
flame retardancy and anti-dripping
 

properties 73-6
 
flame retardancy and mechanical
 

properties 76-86
 
future trends 86-7
 

hardeners 426
 
hacmonised product standards (hEN)
 

297-8
 
hazardous firefighting conditions 469
 
hazardous materials firefighting 470
 
hazards 190
 

human exposure hazards and flame 
retardants 372-3
 

identification 190-l
 
and risks in residential fires 364-5
 

role of flame retardants in reducing
 
368-9
 

see also fire risks/hazards
 
heat exposure, firefighters and 469-71
 
heat flux 414
 

military fire hazards 494-5
 
heat reflective finishes 180
 
heat release 14
 

measurement 269-75
 
bench-scale measurement 269-73
 

large-scale measurement 274-,
 
microscaie measurement 273
 

reduction and road vehicles 464
 
total (THR) 542, 544, 548, 54!1-c
 

heat release rate (HRR)
 
aircraft eabin materials 589-91
 
charring materials 244
 
composites
 

fibre type and 409-12
 
maritime and naval applicatior
 

547-8, 549--56
 
peak see peak heat release rate 0
 

heat source (ignition source) 257
 
eharacteristics 264
 
effects and flammability tests 231
 

241-2, 248-9
 
heat for sustained burning 542, 544
 
heat transfer 12-13,468-9
 

measuring protection against 477
 
heat transfer index (IITI) 479, 520
 
heavy-duty electrical enclosure
 

applications 134
 
hexabromocyclododecane (HBCD)
 

199, 206, 372
 
hexakis(methoxymethyl) melamine
 

(HMMM) 84, 85
 
high performance fibres 23, 31-3
 
high speed craft
 

fire resisting divisions 560
 
IISC Code 407, 529
 

Hofmann elimination reaction 100
 
honeycomb cores 403
 
horizontal flame test 266-7, 311, 31
 

313
 
aireraft 576, 587-8
 

hot melt processes 160, 163-4
 
human subject tests 475, 481-2
 
hybridisation of reinforcing fibres
 

418-19, 420
 
hydrocarbon emissions 340, 342, 34
 
hydrocracking 217
 
hydrogen chloride 545-6
 
hydrogen eyanide 260, 545-6
 
Hydroweave 484
 
hydroxide functional organophospbo
 

oligomer (IIFPO) 15-~17
 

hydroxy double salts (liDS) 99, 100
 

ignition 257
 
factors affecting ignitability 264-:
 
factors and vehicle fires 448, 449
 
reaetion to fire tests 264--6
 
time to see time to ignition
 

ignition pilot 242
 



large-scale measurement 274-5
 
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, 549-56
 
peak see peak: heat release rate (PHRR)
 

heat source (ignition source) 257
 
characteristics 264­
effects and flammability tests 238,
 

241-2,248-9
 
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
 
hexabromocyclododeeane (HBCD) 192,
 

199, 206, 372
 
hexakis(methoxyrnethyl) melamine
 

(HMMM) 84, 85
 
high performance fibres 23, 31~3
 

high speed craft
 
fire resisting divisions 560
 
HSC Code 407, 529
 

Hofmann elimination reaction 100
 
honeyeomb eores 403
 
horizontal flame test 266--7, 3 11, 312,
 

313
 
aircraft 576, 587-8
 

hot melt processes 160, 163--4
 
human subject tests 475, 481-2
 
hybridisation of reinforcing fibres
 

418-19,420
 
hydroearbon emissions 340, 342, 345-7
 
hydroeracking 217
 
hydrogen chloride 545~
 

hydrogen cyanide 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 sources (ignition 
sources)
 

ignition temperature 263, 264, 265
 
imidazoliurn derivatives 100, 116. 129-30
 
immiseible nanocomposites 103
 
impact assessment 333-4
 
improvised explosive devices 509
 
incapacitation concentration to 50% of
 

exposed population (IC50) 276
 
induction period 256--1
 
Indura 501
 
Indura Ultra Soft 502
 
information technology 3lO. 318-19
 
inherent flame retardancy 82, 83, 201-4,
 

502--4
 
inhibitors 261-2
 
inorganic flame retardants 168-9
 

see also alumina trihydratc (ATH); 
magnesium hydroxide
 

inorganic man-made fibres 34--6
 
inorganic phosphorus compounds 56
 
insulation
 

thermal-acoustical in aircraft 578,
 
579-81
 

fire testing 594, 595
 
thermally insulating layers in
 

composites 416--18
 
intercalated nanocomposites 103--4, 105
 
interfacial polymer 95----{i
 
interior fabric fire blocking barriers
 

198-9
 
interior panels, aircraft 578, 579, 5~1
 

interlayer fire bloekers 23, 25
 
International Civil Aviation Organization
 

(ICAO) 574
 
International Code of Safety for High­


Speed Craft 407, 529
 
International Convention for the Safety of
 

Life at Sea (SaLAS) 247, 292,
 
529
 

International Eleetrotechnical
 
Commission (IEC) 292-3, 311
 

International Blectrotechnical Committee
 
for Conformity Testing to
 
Standards for Electrical
 
Equipment (IECEE) 317
 

International Forum of Fire Research
 
Directors 285
 

International Maritime Organization
 
(IMO) 247, 321--4, 328-9, 407,
 
529
 

'A' class divisions 559-60
 
FTP Code 292, 321--4, 328-9, 407,
 

529-30
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HSC Code 407, 529
 
lateral ignition and flame spread test
 

(LIFT) 265--6
 
International Organization for
 

Standardization (ISO) 293, 311,
 
332
 

fire stages 258, 259
 
intumescent flame retardants 17-18,
 

2ll-1,74
 
coatings for composites 4 J6-17
 
coatings and laminates 169-71
 
eombined with nancparticles 136,
 

138-41
 
intumescent/fire retardant fibre
 

interactive fire retardant systems
 
423-5
 

maritime and naval applications
 
537-8
 

phosphene-based 52--4
 
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 503-4
 
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) 265--6
 
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, III
 

layers, clothing 505--6
 

Lenzing FR 202
 
lethal concentration to 50% of exposed
 

population (LC,o) 276
 
life cycle assessment (LeA) 4, 331-59
 

cable case study 343-9
 
furniture case study 349-55
 
future trends 35~7
 
method 332-7
 

Fire-LCA system description 334-7
 
risk assessment approach 334
 

television case study 337--43
 
life eycle inventory (Lei) 332-3
 
limiting oxygen index (LOl) 12, 106,
 

108, 268-9
 
linings
 

aircraft 578, 579, 582-3
 
test for cargo liners 593
 

Euroelasscs 298, 301, 302
 
Listing certification 317-18
 
long-term health effects 376
 
low-temperature heating elements 241-2
 
low velocity impact (LVI) response 432
 
Lyocell 24
 

macromolecular chelates 72-3
 
magnesium hydroxide 68, 77, 168-9
 
manikin tests 12-13
 

firefighters' protective clothing 475,
 
481
 

military fabrics 519, 520-1
 
maritime and naval applications 5, lIS,
 

527-72
 
composites 400, 406-7, 527, 538--64
 

fire performance and test methods
 
54ll-64, 565
 

performance regulations 531, 532
 
fire safety regulations 529-31
 

maritime vessels 321--4, 328-9,
 
529-31
 

naval vessels 531
 
fire threat 528-9
 
methods of reducing flammability
 

531-8
 
flame retardants 534-7
 
intumescent coatings 537-8
 
modification of chemical structure
 

533-4
 
smoke chamber test 280-1
 

mass loss cone fire test 462, 463
 
mass loss rate reduction 108-12
 
mattresses 197-20 I
 
maximum optical density 545-6
 
McDonnell Douglas 576
 
measurement uncertainty 252
 

mechanical properties
 
composites 43D-4, 435
 

degradation during and afte
 
43ll-3
 

post-fire mechanical perfon
 
fire retardant composites
 

halogen-free flame retardants
 
76-86
 

additive type and intrinsical
 
retardant polymers 79-82
 

encapsulation and
 
microencapsulation 77-9
 

reaetive type flame retardan
 
copolymerisation 82-6
 

mechanical recycling 214-16
 
flame retarded polymers 222,
 

melamine 200, 371
 
melamine cyanurate (MCA) 45,
 
melamine phosphates 42, 53, 15t
 

coatings and laminates 169, l~
 

Melapur 200 53
 
melt dripping 69
 

halogen-free flame retardants I
 

dripping properties 73-6
 
melt viscosity 130-1
 
melting 249
 
membrane structures, military 50
 
meta-aramids 32-3, 203
 

blends with PBO 472-3
 
metal chelates 71-2
 
metal hydroxides 135--6, 419-20
 
metal matrix composites (MMCs
 
methylol
 

dimethylphosphonopropio
 
(MDPA) 17
 

microcapsulated red phosphorus I
 
78
 

microcomposites 103
 
microencapsulation 77-9
 
military fabrics 4, 492-526
 

applications of flame retardant 
507-9
 

clothing 509
 
struetural 507-9
 

burn injuries 493, 49~9
 

clothing protection 499-500
 
existing flame retardant solutic
 

50ll-7
 
cotton 500-1
 
cotton blends 196-7, 501-2
 
garment design and fabric
 

construction 5()4...-{)
 
inherently flame resistant sy
 

502-4
 



mechanical properties
 
composites 43D-4, 435
 

degradation during and after fire
 
43ll-3
 

post-fire mechanical performance of
 
fire retardant composites 433-4
 

halogen-free flame retardants and 68,
 
7&-86
 

additive type and intrinsically flame­

retardant polymers 79-82. 83
 

encapsulation and
 
microencapsulation 77-9
 

reactive type flame retardants and
 
copolymerisation 82--6
 

mechanical recycling 214- (6
 
flame retarded polymers 222. 223
 

melamine 200, 371
 
melamine cyanurate (MCA) 45, 78, 113
 
melamine phosphates 42, 53,150-2.178
 

coatings and laminates 169, 170
 
Melapur 200 53
 
melt dripping 69
 

halogen-free flame retardants and anti-
dripping properties 73--6
 

melt viscosity 130-1
 
melting 249
 
membrane 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
 

bum injuries 493, 496-9
 
clothing protection 499-500
 
existing flame retardant solutions
 

50ll-7
 
cotton 500- J
 
cotton blends 19&-7, 501-2
 
garment design and fabrie
 

construction 504-6
 
inherently flame resistant synthetics
 

502-4
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nonwoven fabrics 506--7
 
fire hazards 494-6
 
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 510-13
 
modacrylics 201
 
moisture
 

barrier 474
 
effect on firefighters' protective
 

clothing 482
 
molecular modification of chemical
 

structure 533-4
 
monoguanidine dihydrogenphosphate
 

(MGHP) 17
 
monohydric alcohols 50
 
montmorillonite (MMT) 19,98
 
mounting, specimen 239-40, 245--6
 
MPC 138-41, 142
 
multi-climate protection system (MCPS)
 

51ll-11
 
multivariate analysis 356
 
multi-walled carbon nanotubes (MWNT)
 

29-30, 101-2
 
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
 

nanocomposites 114-15
 
applications and proeessing challenges
 

125-33
 
dispersion 132-3
 
effect on rheology 130-2
 
functional ising group type and
 

stability 12&-30 
elay-based see clay nanocomposites 
combined with conventional flame 

retardants 87, 112-13, 136,
 
138-46
 

determination of morphology 104-6
 
environmentally friendly flame
 

resistant textiles 207
 
flammability 10&-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 133-6
 
coatings 148-9
 
composites 149-52
 
films, fibres and textiles 136-47
 
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 nanocomposite use 98-102
 
role in coatings and laminates t 74-5
 

NAS report 192-3
 
National Fire Protection Association
 

(NFPA) (US)
 
FPRF white paper 448-50
 
hazard and risk committee (HAR)
 

45<l-2
 
NFPA 556 draft of 2007 451-{i3, 464
 

approaches to key fire scenarios
 
457-{i1
 

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/comer 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 (NA VSEA
 

or Naval Technical Authority)
 
531
 

NBS smoke chamber 252, 28<l-1
 
needle-flame test 316
 
needle-stick injuries 409
 

Netherlands, the 484
 
new materials 483--4
 
NFX 70-100 lest 282-3
 
nickel formate 7{}-1
 
NIST radiant furnace method 281-2
 
nitrogen-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, 522-3
 
notified bodies 297
 
novoloid fibres 504
 
nylon see polyamides
 

octabromodiphenyl ether (octaBDE) 191
 
office electronics 310, 318-]9
 
Ohio State University (OSU) calorimeter
 

14, 589-90
 
oil burner 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 278-9
 
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 countermeasures 369
 

benefits of passive and active measures
 
working together 386-8
 

PSI Gold 504
 
PST 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 uph
 
furniture 389-91
 

pentabromodiphenyl ether (penn
 
55, 191
 

pentabromodiphenyl oxide 50
 
pentaerythritol (PER) 78-9, 138
 
performance-based codes and re
 

250
 
performance standards for milita
 

521-2
 
persistence 190
 
phenolic resins 48, 402, 412-14,
 
Phoslite series 55
 
phosphate-phosphonate ester flar
 

retardant 196
 
phosphine oxides 49
 
phosphinic acid esters 42
 
phosphonic acid esters 42-3
 
phosphonium-substituted clays 9
 
phosphoramides 45
 
phosphoric acid esters 42
 
phosphorus-containing regenerat
 

cellulose 202
 
phosphorus flame retardants 2, 4
 

206, 421
 
for cellulosics 195--6
 
coatings and laminates 16~
 

halogen replacement 172-3
 
cover fabrics 199
 
epoxy resins 48--50, 113
 
future trends 55-7
 
main types of 42-3
 
nanocomposites 150-2
 
phosphorus and chlorine-conn
 

flame retardants 167--8
 
polycarbonate and its blends ~
 

polyesters and nylons 45-8
 
polyolefins 51-5
 
polyurethane foams 50-I
 
vapour-phase active systems 5
 

173, 175-{i 
volatile phosphorus-containing 

166, 173,175-8 
phosphorus-nitrogen containing 

intumescent flame retardr 
IFR) 75-{i 

phosphorus oxynitride (PON)m ~
 

phthalonitrile resin 534
 
pilot flames 242
 
PIPD (M5) 32
 
plasma graft polymerisation 19,:
 
plasma treatment 37, 483
 
Plastics Recognized Component
 

Directory 318
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penetration of fire retardant upholstered
 
furniture 389-91
 

pentabromodiphenyl ether (pentaBDE)
 
55, 191
 

pentabromodiphenyl oxide 50
 
pentaerythritol (PER) 78-9,138-41, 142
 
perfonnanee-based codes and regulations
 

250
 
perfonnancc standards for military fabrics
 

521-2
 
persistence 190
 
phenolic resins 48, 402, 412-14, 533-4
 
Phoslite series 55
 
phosphare-phosphonate ester flame
 

retardant 196
 
phosphine oxides 49
 
phosphinie acid esters 42
 
phosphonic add esters 42-3
 
phosphonium-substituted clays 99-100
 
phosphoramides 45
 
phosphoric acid esters 42
 
phosphorus-containing regenerated
 

cellulose 202
 
phosphorus flame retardants 2, 41-66, 87,
 

206,421
 
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 15a-2
 
phosphorus and chlorine-eontaining
 

flame retardants 167-8
 
polycarbonate and its blends 43-5
 
polyesters and nylons 45-8
 
polyolefins 51-5
 
polyurethane foams 5a-l
 
vapour-phase active systems 57, 166,
 

173, 175--{j
 
volatile phosphorus-containing species
 

166, 173, 175-8
 
phosphorus-nitrogen containing
 

intumescent flame retardant (P-N
 
IFR) 75--{j
 

phosphorus oxynitride (PON)m 47
 
phthalonitrile resin 534
 
pilot flames 242
 
PIPD (M5) 32
 
plasma graft polymerisation 19,21,181-4
 
plasma treatment 37, 483
 
Plastics Recognized Component
 

Directory 318
 

PNX 50
 
Polartee fabrics 51a-Il
 
polyacrylonitrile nanoeomposites 147
 
polyamides 26-7, 113
 

nanocomposite films 138-41, 182-3
 
nanoeornposites 27, 137-8
 
phosphorus flame retardants 45-8
 

polyaromatic hydrocarbon (PAH)
 
emissions 340, 342, 352, 353-4
 

polybenzimidazole (PBI) 472, 504
 
PB1 Gold 504
 

polybenzoxazolc (PBO) 32,472-3
 
polybrominated biphenyls (PBBs) 220
 
polybromodibenzodioxines and furans
 

(PBDDIF) 221, 222
 
polybromodiphenyl ethers (PBDEs)
 

191-2,220
 
polycarbonates 43-5
 
polycarboxylic acids 196
 
polychlorodibenzodioxines and furans
 

(PCDDIF) 223
 
polydimethylsiloxane (PDMS) star
 

polymers 82
 
polyester 24-6
 

batting 201
 
cotton/polyester blends 33, 502
 
inherently flame retardant 202
 
phosphorus-based flame retardants
 

45-8
 
polyhedral oligomeric silsesquioxanes
 

(POSS) 85, 102, 534
 
mechanism of flammability reduction
 

111-12
 
polyhydroxy propylene spirocyclic
 

pentaerythritol biphosphonate
 
(PPPBP) 25--{j, 75
 

polylactic acid (PLA) 24, 26
 
polymelamine fibre 204
 
polymer composites see composites
 
polymer foams 403-4
 
polymer fuel 220
 
polymer matrix composites (PMCs)
 

399-400
 
see also composites
 

polymeric additive-type halogen-free
 
flame retardants 79-82
 

polymerisation t03
 
polymethyl methacrylate (PMMA)
 

nanocomposites 107, 108
 
polyolefins 51-5
 
Po1yOne 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-I, 200
 
polyvinyl alcohols (PYAs) 163, 164
 
polyvinyl ehloridc (PYC) 133-4, 162,
 

164
 
cable and LCA 343-9
 

pool fires 452, 457, 461
 
precondensate/amrnonia process 195
 
primary fires 336
 
primary mechanical recycling 214, 215
 
Proban 500-1
 

Proban CC 138-41, 142
 
product-related fire incidence 367-8
 
production control 250
 
protection goals 258
 
protective barriers 108-12
 
protective clothing
 

firefighters' see firefighters' protective 
clothing
 

military see military fabrics
 
standards and performance
 

requirements 514, 516--17 
protective layer, carbonaceous/vitreous 

169-71
 
protective spring assembly 506
 
PsiNII 81, 82
 
Purser furnace 283-5, 286
 
pyrolysis 216-17
 
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
 
firefighters' protective clothing
 
477-8
 

radiant heat transfer index (RHTI) 477,
 
478, 520
 

radiant panel test 308-9, 321, 322, 594
 
railway vehicles 280-1
 

composites 405---{)
 
regulations 320-1, 322, 323, 328
 

reaction to fire tests 255-6, 263-9
 
cone calorimeter 265
 

ease of extinction tests 266--9
 
ignitabiliry and flame spread 264-5
 
LIFT/spread of flame apparatus 265---{)
 
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
 
rccyclability 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
 
regenerated ecllulose 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
 

274-5,301-9
 
furniture 324---{), 329
 

UK 1988 regulations see United
 
Kingdom
 

future trends 326-9
 
heat release tests for regulations and
 

control 274-5
 
history of aircraft regulations 574-7,
 

578
 
maritime and naval 321--4, 328-9,
 

529-31
 
overview 291-3
 
transportation 320-4, 328-9
 

rail vehicles 320-1, 322, 323, 328
 
road vehicles 445-7
 

reinforcing fibres 95, 402-3, 539
 
fibre type and flammability of
 

composites 409-12
 
resin/fibre combinations 412-14
 

hybridisation 418-19, 420
 
inclusion of nanoparticlcs 427-30, 435
 

Reogard products 52, 54
 
rescue tasks, firefighters' 470, 472
 

residential fires 363
 
fire hazards and risks 364-5
 

in the UK, US and Europe
 
targets for improvement in ris
 

reduction 393-4
 
see also eonsumer products; s
 

alarms
 
resins 401-2, 538-9
 

co-curing of different resins 4
 
nanoparticle inclusion 427-30
 
resin/fibre combinations 412­

resin modification 425-7,533
 
type and flammability of com
 

407-9
 
resorcinol bisdiphenyl phosphate
 

43-4
 
resorcinol bisdixylyl phosphate (
 
Rcstrietion of Certain Hazardous
 

Substances (RoHS) Direc
 
retainer frame 245---{)
 
retro-rcflective materials 474
 
rheology
 

of decomposing polymer 262
 
of nanocomposites 130-2
 

risk 190
 
primary risks of flame rctarda 

consumer products 369----': 
role of flame retardants in red 

368-9
 
see also fire riskslhazards
 

risk assessment 334
 
risk-benefit analysis 363-97
 

balance of risk 373-7
 
benefits of flame retardants in
 

consumer products 377~
 

differentiating effects of smok
 
smoke alarm trends 381­


importance of understanding I
 
benefits 364-9
 

risk management programme 20
 
373
 

risk reduetion strategies 205---{)
 
road vehicles 4-5,160-1, 443-t
 

composi tes 405---{)
 
FPRF white paper 448-50
 
improving survivability 463-.c:1
 
NFPA 556 guide 2007 draft 4
 

464
 
NFPA hazard and risk commit
 
regulatory requirements 445-'
 
US statistics 443, 444, 447-8,
 

room/comer test 246--8
 
composites with maritime anc
 

applications 548-58
 



residential fires 363
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