Contents

FOreword .....coeeenivenieenesocnssccecacesssascocescnssansancansnesnseslX
Preface to the English Edition S 4 |
Editor's Preface to the Russian Edition ......ccc0veeecenvnsvensasosees XIII
Authors' Preface to the Russian Edition ......... I 4.4
Introduction ......vciiieieeceeercnsesscacesssssoscssvceancsosncsssasassasessl

References .....ciieevreerenrecsenscsoseascsseansesssosssesssasvossnssnased

Chapter 1 Origin of the Combustion Process:

Self-Ignition and Ignition of Polymers .......ccveveeiiinniisiniennnnneaasall

General Concepts of Combustion .............. S 1
Theory of Self-Ignition and Ignition of Polymers ....cccveseeecsesessse.ld
Ignition in the Condensed Phase .......ccceveveecvcavincesnccssasssesld
Heterogeneous Ignition .......ceeviieesonncrecrvssesssnssccsossssseasdl
Ignition in the Gaseous Pha8se ......ceevueeieerecesssscrncscannsssesedd
Self-Ignition Temperature and Ignition of Polymers ......ccccneeeeee...44
Reaction between Polymers and OXYgen «..coeeescesesscscssessacnsosssadl

ReferencCes «vvvvireeareerereecsoonssassssososessassssssacssescessesssesnsdO

Chapter 2 Polymer Combustion and its Characteristics ....vcv00evueve.. .60

Multistage Combustion of POlymers .....evsvseesesccsessscsessscaseseaasbl
Mass Transfer in the Combustion of Polymer Materials .......cv000000..66
Heat Transfer during Polymer Combustion .......ccecviveenninnnocsoess 72
Flame Temperature of Polymers ......veeeveeees P 4
Changes in Heat Transfer Parameters and in Hydro-
dynamics during Polymer Combustion ........cceviieennnsccrsnsescssassl9
The Rate of Combustion of Polymer Materials ......cc000eeneernceaesass90
The Spreading of a Flame over the Surface of a
Polymer Material ......coiieceeecasoncecncecansncsssssnsssnnsseseanssdl
Combustion of Spherical Polymer Particles .......ccoovevececesseeses103
Combustion of Polymer Materials for a Counterflow
of Gaseous OXidiser .....eeciieeerennereniecessacssscecasccsenaanssn106
Stability Limitations on the Diffusion Flames of
Polymer Materials ......ciceviievensecssctseesesacasssoncssasssssnsassl08
References «.vueeeeereeensroseeetsessrsesssssecasosnsnssasasssssneessslld

- ) . HE
Bibliografische Informationen digitalisiert durch I L

http://d-nb.info/851003915 BLIOTHE


http://d-nb.info/851003915

VI Contents

Chapter 3 Chemical Processes in the Combustion of

Polymeric MaterialS .....ccveeceeveososscscnsasssasassacssccssnsassssaseslld

Chemical Processes in the Condensed Phase .......eccvveenesnsnnessssl120
Pyrolysis of First-Group Polymers (Chain Scission/
Volatile Products) ...vieeeevsocesetssioseesasoscsnsasnancsascnsascess130
Pyrolysis of Second-Group Polymers (Intramolecular
Detachment of Atoms or Groups/Non-Volatile Products) ...cc.v00vee...141
Heterogeneous Oxidation 0f CArboNn ...vvuveveeereeerencacneensnssnsa 170
Chemical Processes in the Gas Phase ......ccvveeesncscronsesosaensas 177
Diffusion Flames O0f POIYMErS ....vcveveesroccscsccsasscsasessansnsssll8
Smoke Formation during the Combustion of Polymers ......cceceeesne...194
" Chemical Aspects of the Reduction in Combustibility of
Polymer Materials and Smoke Liberation during their Combustion ......212
Mechanism of Flame Retardant Action .........ccveeeecevonneceseess 214
Retardation of Smoke Formation ......cvievevetessecreesssanassasness24l
RETEIEIICES + v e v evnernennennsuessesnesasssessesesnesnsnnensesasnnsnss 246
AQQeNAUM . e\ veeeensresaasssansensssanscssanasssssasesnssnssssssssssse2dd
The Effect ot Oxygen on Polymer Decomposition.......eceeoveveeeees..259
Chemical Processes in the Gaseous Phase .......cvveevvneececsveee. 265
Chemical Aspects of the Reduction in Combustibility
of Polymer Materials and Smoke Formation during
their Combustion .....ciieiiirieriirnsrrersessesesrussnsssassaansssadb?
Halogen-Containing Flame Retardants ........cceeeveeeeessecvnaass..268
Phosphorus-Containing Flame Retardants ........c.cveceeevnnnnnesss 270
Metallic COMPOUNAS ..o vveeeretresossssrsscsssscacoassasasaascsssnseslll

ReIOIENCES ¢ vt veeetvennceossoseceossaassssarsanssacsssscssssnsnsascssasldld

Chapter 4 Methods for the Study of the Combustion
Process and Estimation of the Flammability of Polymer

=5 - ) - X |
Experimental Methods for the Study of the Combustion of
Polymer Materials. Determination of Combustion
Characteristics vooeivierirsesctiseseescnrsoscvessoesasnsassansassassassdll
Rate of Combustion....vetvererrersceesrsucrsnceassscssssssseonassesll8
Shape and Structure of Flame and Burning Surface.................280
Temperature Profiles during Combustion ......covviivenneiiananees..282
Concentration Profiles of Products inside a Flame .......cc00000....284



Contents VII

Gas-Dynamic CharacteriStiCs cvvveveeverecscessoscssssasnennceceennss287
Estimation Methods for the Flammability of Polymer
Materials ....c.vuiveininiiienieeeesnssanensoesesscnsnssssassaseneansess288
Determination of the Ignitability of Polymeric
Material . coviivinerienrssrntnceoceocsssnanannsnsses £ 4
Determination of the Capacity of Materials to

Propagate Combustion........cocecevunes Geesseesaensensirseesanns ...294
Determination of the Smoke-Formation Capacity of
Polymer Materials .....ccoevveeenness sreesesnenn esecesane eessesaae 300
Determination of the Toxicity of Polymer Combustion
Products ...ovuveieieeirnnnenresenosannans teesenns D 113 §
" Modelling Methods for the Full-Scale Combustion
of Polymer Materials ........ et eeeeeanns eeee...304
Modelling at Atmospheric Pressure ......c.coceeveeceessccnosencacasss.304
Modelling at Elevated Pressure .........eeee. - ] 111
References ......iiiieieiinneinssioetacnsssssssrossasnecsannnes Cesenes 306
Chapter 5 Reduction of the Flammability of Polymeric Materials ........309

General Tendencies in the Design of Polymer

Materials with Reduced Flammability ...... seesseesan et stescesnennanan 310
Synthesis of Incombustible POIymMers ....ccevveeeereeccssneneneeesss.313
Chemical Modification of Polymers ..... ceeeeaes O 3 £
Use of Flame RetardantS.......ccceeeveeeeees T - X |
Use Of FIllers ..uuuevvrnnnnsennnnnnns PP 1.2
Application of Fireproot Coatings ........ . 71 -

Criteria for Evaluating Flame Retardant Eftectiveness .................329

Polymer Materials with Reduced Flammability ......... Cereitesesenneann 338
Polyolefin-Based Materials .....cevececneesccoscrscssssscesssonnscsessddd
Polyvinyl Chloride-Based Materials .......ccecveveecccccennncnannnns 344
Materials Based on Styrene Polymers and Copolymers ...............347
Materials Based on High Molecular Weight Linear Polyesters ......... 352
Materials Based on Polyamides .......cceueeeevennnncnas - 11+
Materials Based on Carbamide Resins (Urea-formaldehyde,
Melamine-formaldehyde) and Phenol-formaldehyde Resins ............ 359
Materials based on Polyurethanes .......... - 1 1

References .....ccovvvvvevnnnncncanens . 1 73



