ER O 192 888 Bl Description This invention relates to a nethod for the
production of flexible, flame-retardant polyuret hane foans and to novel

foans obtained thereby. 5 TheEI; 64152 é ?i(l bl e" as used herein includes,
but is not restricted to, the categorleso foanms known to those skllledln
the art as "lowresilience", "conventional" -and "high-resilience" foans.
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f oafm butrusual |y the anpbunt of graphite will not exceed 30% by weight in
the final foam The graphite may constitute the sole flane-retardant
additive in the-foamform ng react gy {§rdeggg- Al ternatively, other
flame-retardant ingredients, known per se, nay be used in addition to the
graphite. 50 Exanples of such ingredients i.nclude the hydrated alum nas (e
g BACO. FRANa19 Liib tast] more prefeaabil/ #he Np. i abitest asd advartageolislyhec BovToash diest. raviéw ofcthey
oxi desy anairying rdegree of flmmabiiitg ofciiffspottadie. matddiaS@ s impossibiaclg igise elrseldte Tirentionsiva td .

| f desi r edwhidhriextileesatesinls agde be selecteg. fowgrasch pantog of erdigary gkithi rifieuan would know which
pol yphospleateials aregiikelip o hermuitabliseand isimptelidal prskiiof would thep estabish iwbeiharithey wews indged
Usual | y st hsitablga Rerrqer t9cRiRRe® aofe® Fapeile) oft Rgsingdha N Jecib tashil weild gsneraliyl e ngepssant he
bur ni ng t detthejraqupt ghexpaidable graphip jn thesiqansio e pb jlopst 23 b weightat j on No. 4735

Sept ember 19778 Pressptdinyeqtion ydll be,Uiystrateg by way pf the, foflewing Frampisgyfing the 3 fein;tyea st | v
f 1 ame-r et JEHERPOYHHE? f°20N%ed with sel ected textile cover materials the

resul ting ,coibi ' d pass the No. 4 crib test of the British

St andar ds ' ﬁ ﬁl%%@ﬁ%g%é 5852: Part 2: 1982, preferably the 2 EP O

192 888 B peeSif test, nore preferably the No. 6 crib test and

advant agem. 7 crib test. In view of the varying degree of
flammabi | i gye-mb, 6h-febifn8dbolyuftiad BaniBieRd hadeSromlind BrmiulRHS Shdwh G FABLEIAY €

absol ut g dobdids aRadShwbight)i Ch textile materials are to be sel ected.
However, a person of ordinary skill in the art would know which materials
are likely to be suitable and pappgeatrial and error would then establish
whet her they . were indeed 5 suitable. In order to prepare a foam capabl e of

passi ng t he=Nor—7F—ctr+p—test—tt—notict—generatty—pe—reeessary—tor—iRe anount
of ewﬂdagnsr‘gdé Atte in the foamto be at |east 25% by weight. The

presént in éigi AtesI | be €0 @kat@%’ﬂ%@%@ﬁe T n es
eYAPA types of fleXi bl e poliyuret hané foans. 40 1: LGW RESI LI ENCE

using the
FOANME EXAMRES At fmGf e Gmfis- et St~ @ S-SR -0 B\ [ €
made fromthe formul ati ons shown in TABLE A. is (Quantities are parts by

vei ght ) 2TA | di ROL ROL
EXAVPLE | EVRRELE PEYAVPLE bol ooy o P 100 RRHTRC166NTRD

1 3 26 Polymeric 100 100
100 Watet00 100 poyol (@.8Mter 0.8 0.8 0.8 0.8
0.8 0. £ 30 cerol
25 :ﬂgﬁﬁgl 2. ;%; fg‘é 5 fi 2. i% ne ;;
2.3 ne 3 2. F- 2.3 . 2. tal yst-A b)
Sur f act ant °(’8‘5&YS'° (b) 0. 67 0.67 0.67 0.67
0. 67 35 PoBybfiaehantd{c) 0.67 o.67 0.67 17 0.67 0.677
8.5 35 BubbfEt 4 1 93 0.3
0.3 P°§YOP%HE M) 0.3 'Et hanol ar?i ne. catqgl yst (e)aﬁ um nas'5
- Didethyl - 0.3 0.3 0.3 0.3 0.3
Ethanolamine.
L catalyst (e) _
" 40
Alumina - 40 - - -
hydrate (f) T - ' -
Expandable - - 40 20 -
Fine grade
45 graphite
Expandable - - - - 20
Coarse grade -
graphite
so Blowin - - 5 5 5
agent %g)
Polyiso~ 50 50 50 50 50
cyanate (h) _
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hydrate « () - Expandabl e -
40 20 ' ~ - Fine grade 45 graphite Expandabl e
- - 20 Coarse grade graphite
5

50 Bl owi ng EP 0 192 886 B1 ]

5 5 agent (g) Polyi so- . . 50 50
50 . 50 50 cyanate (h) 55 3 EP O 192 888 Bl Notes to-

TABLELA (@tes to TABEE! xether. poI yol, avail able from Lankro Chem caI s 5

e oo R pebibthes polyRrRrriin o TS bEHRF b hbgh AT

Mar k) .s(c) Lﬂnpaéaaikycemeooxl de pol ysi | oxane si I | cone copol yner,

avai l abl e, from B P Chem cal s d i | abl e
fromB-P (@r’?em cal@'{?ﬁ%gﬁngshﬁwgg ?@éﬁfig ggée'glhéfer eg d"'é\‘%e Mar k) .
(e) Di et 1ylmt badohanDABCOa33i LibI(DABCONLE anBegistered Trade
Shanrock Lim tew PROPAM NE A. (PROPAM NE is a Registered Trade
Mar k) . 70(f) Bt abl e from British Alumnium Co_Linited as 25

BACO FRReM0 (BhQlyalkrignet oxddeTpadzsilexane siligpne A
fLuorocarbon bl b6 feR] . a@sdnables £rbiOB b Cnbmd bkt !.dnﬂ%eﬁRCTG\l 11.
35 (h) & mxture of net hyl ene-bi s-2 , 4- phenyl di i so-
cyanatg (MD.I.) %ﬁlds?ogﬁﬁene dii.socyanate (T.Dl.) available fromB P
Cheni cal s(d) ni t edavsiiabielZrof)BSP1ChemichlsalinbtedhasaBIVES dans wer e
subj ected to the O4lest St andar ds Speci fication
No 4735 and the rwté 6\% g gg‘&ﬁﬁﬁ{eé-l&%dw&k§5 Average burn- I-engt h
125 mm i (el secBimethjlethanolamine,savpidahde Supm: Dismapdo. v The
addi ([ on of al un ga, iygER! £183¥d Rk PFROPAMINE 1P (PROPAMINGNasAVer age

burn % this 3arrp| e being 125 mmin 159 seconds.
a Registere Trade Mark

(£) Available from British Aluminium Co Limited as
25 BACO FRF 40 (BACO is a Registered Trade Mark).
30

(g) A fluorocarbon blowing agent, available from

. I.C.I., Limited as ARCTON 11.
®  (n) A 20 : B0 mixture of methylene-bis-2 ,4-phenyldiiso-
| cyanate (M.D.I.) and tolyleme diisocyanate (T.D.I.)
available from B P Chemicals Limited as I 13-17..

Samples of each of the above foams wers, subjected to the*burmng tests described in British Standards
Specification No 4735 and the results were as follows
CONTROL X Average burn length 125 mm in 121 seconds, i.e. the whole sample was burnt.
CONTROL Y The addition of alumina hydrate gave only a slight improvement, the average burn
45 length of this sample being 125 mm in 159 seconds.
EXAMPLE 1 Average burn length using 40 php fine-grade graphite was 38 mm in 113 seconds. The
foam charred (as opposed to the foam of the two CONTROL examples which melted

and dripped). _
EXAMPLE 2 Reduction of the polybutene level and of the graphite level to 8.5 php and 20 php
50 respectively led to an average burn length of 40 mm in 133 seconds.

EXAMPLE 3 Substitution of coarse-grade graphite (20 php) in the formulation of EXAMPLE 2
produced an average burn length of 42 mm in 120 seconds, i.e. not significantly
different from that of EXAMPLE 2.
The formuiations of CONTROL EXAMPLE X and of EXAMPLES 1 and 2 (above) were also moulded and the
55 resultant mouldings tested according to British Standards Specification No 2782, Method 141 (Oxygen
Index Test).
The following results were obtained:



EXAVPLE «1 Average burn length using 40 php fine-grade graphite was 38 nmm
in 113 seconds. The foam charred (-as opposed to the foam of the two CONTROL
exanpl es which nelted and dri pped). f.& H;:'{ Reduction of the

pol ybut ene | evel and of the graphitée o 8.5 php and 20 php 50
respectively led to an average burn length of 40 mmin 133 seconds. EXAMPLE
3 Substitution of coarse-gra gaph-te—26—php—in the fornul ati on of
EXAVRLE 2 produced an average b rEr’fa’T‘@mh (P"VQPZ" iln 120 seconds, i.e. not
significantly different from thjitcoNTREXAMPLE 238 The |f or nul ati ons of CONTROL
EXAMPLE X and of EXAMPLES 1 and|ZExasbuwe) | wer 83 al so |[noul ded and the 55
resul tang noul di ngs tested accof dXAYPL®2 Bl i ti 805 St arjdar ds Specificati on No
2782, Method 141 (Oxygen Index Te3U). The toltowng results were obtained:
4 EP O 192 888 Bl Exanple Oxygen | ndex CONTROL X 23. 8 EXAMPLE 1

33 5 Il : CONVENTIONAL FOAMS EXAMPLE 2 30.5 I1: CONVENTI ONAL FOAMS 10
EXAMPLES 4 t o6 Conventiomal pol yurethane foans were nmade by noul di ng the

f or nul at’? oexambuess tbs TABLE B (bel ow) followed by curing for 14 minutes at
[err]. 15 (QuaniTires are parts by weight).. TABLE B 20 | ngredi ent

EXAMPLE ConvenfioX#ldelytirethane foams/AleFel rkadey anaolding shelfermolations shown in TABLE B (below)

4 followed by curing for 14 mingte$at| 150 | C poI yol (a) 600 600
600 25 Y\alQuentities are parts by weight). 7. 7.5 7.5 Am ne
catal yst (b) 5 5 N-et hyl nor phol i ne

3.5 3.5 3.5 Surfe&iﬁh&_ﬁc) 0.6

0.6 0.6 30 Graphite (d)y - - 1207 120 °

240 F. R adltlve(? = ©0 =

Pol yuoevan 115 - ExaMeig EXAMPHES 35 Nexe@pLpe TABLE
B (a) AP yl ene/ poI yoxyprop | ene tr| oI -'f 40 apprOX| at-e

nol ecul ar

hydr oxyl gr@aﬂs’mei‘ic (m'.)lyol (aDABCO 3BO0V (see TAE.(EDA) - 600
5 TWater 7.5 7.5 7.5
Amine catalyst (b) 5 5 5
N-ethylmorpholine 3.5 3.5 3.5
" Surfactant (c) 0.6 0.6 0.6
Graphite (4) . 120- 120 240
F.R, additive (e) - 60 -
" Polyisocyanate (f) 115 - 115 115
35

Notes to TABLE B
(a) A polyoxyethylene/polyoxypropylene triol, of

40

approximate molecu:.l.axj weight 3500, having a high
proportion 0f terminal primary hydroxyl groups.

s (b) DABCO 33 LV (see TABLE A)
(c) . 8C246 (see TABLE A)
(d) Fine grade expandable graphite.
50 .
(e) A material containing chlorine and phosphorus,

available from Tenneco Organics Limited as
TOLGARD V6 (TOLGARD is a Registered Trade Mark).

® (£)  An 80 : 20 mixture of the 2,4 ~ and 2,6 ~ isomers
of tolylene diisocyanate (T.D.I.).



(c)? +$SC246 (see TABLE A) (d) | Fi ne grade expandabl e graphite.

50 (e) A materi'al containing chlorine and phosphorus, available from
Tenneco Organics Limted.as TC].G@%[}? GARD is a Registered Trade
Mark). (f) An 80 : 20 mxture 0 y%n&%‘ - and 2,6 - isoners of

tol yl ene diisocyanate (T.D. 1. EP.0192 888 Bl Sarrpl es of each of the
above -f 08&FpiedR %a&l%?tuﬂ%ameén@ me tetted Ia&:ow%u@uﬁ varioud cAtLeitS askamsel i 8tish N

British ShmiarieSesiicqios Nb.is6s2 PR, . welaftd 3i thé>addden’eribé baingiirgbwss of the wooden
cribs being as follows: No. 4 crib . 8.5 g No. 5crib 17 g No. 6 crib

60 g EXAMPLE 4 A No. 4 crib wa"%gc"%u ly on the top surface of the
noul disng and ignited. 10 Burning trJo 3[err] mnutes Flam ng of
f oam ceased 6 m nutes Progres 'l%esérJEDJ i hg None 15 EXAMPLE 5 As
EXAMPLE 4, but with No. 5 crib. crib 4 mnutes Flam ng of

f oam ceased 6 m nutes Progressive snoul dering None EXAMPLE 6  As
EXANMPLE 4, EXAMPLE A+ 1 ANllo. 4 gribyas placegigiirectly on the top surface of the moulding and ignifgd, ng tinme
of cri'd 8 mnutes Flam ng of foam ceased 11 m nutes Progressive
snoul deri ng None 30 |11 : |HbuokihgRings!df tibNCE [ Qf\ivibu MPLES 7 and 8 35

Hi gh-resilience foans wer e |naendaf fcamidegtotg] Bmdnuesr ul at i ons shown in
TABLES C and D (bel ow) in g Frogressivesmda@eidg | dobeowed |by curing for 10
mnutgs at roomtenperature. (Quantitres are parts by weight). 40 45 50 55

6 EP O B28&rB88 Bhs EXAMPLE 4, but with No. 5 crib.

Burning time of crib 4 minutes
; _ Flaming of foam ceased 6 minutes
W/ Progressive smouldériig | None

EXAMPLE6  As EXAMPLE 4, but with No. 6 crib.

Burning time of crib 8 minutes
Flaming of foam ceased 11 minutes
~ Progressive smouldering | None

30
it : HIGH-RESILIENGE FOAMS

EXAMPLES 7 and 8

35 High-resilience foams were made by moulding the formulations shown in TABLES C and D (below) in a

mould at 50 * C, foliowed by curing for 10 minutes at room temperature. (Quantities are parts by weight).

45

50
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TABEE C:kngredient (see notes bel ow) ~ EXAMPLE 7 6
Pol ymeri c pol yol (a) 100 Water .
2.5 Surfactant (b) "EP 0 192 888 % 9 Am ne catal yst (c)

1.2 Tertiary am ne catalyst (d) 2 10

Bl owi ng agent (e) 10 Dibutyltin dilaurate

0.03 Graphite (f) 1ABLE c20 Chl orinated paraffin (Qg)
10 Polkyi socyanate (h) 60 15 Notes to

TABLE C (a) A pol yoxypr
nol ecul ar wei ght 600

1 f ez te

[ L on of EML%Q{) prijary

hydr oxyls groups and |avai | abyeericipoipe! Bayer AG under t haod ef erence 7963. (b) A
silicone surfactant,| avai Malgke from Gol dschm dt AG und®d% the reference 20
B8629. (c) DABCO 33 |LV (s8efatia@ity A) (d) Availlabl e fro® Uni on Car bi de under
the reference Al (e)] ARCTANINgtatglyst{e) TABLE A) ' 12 (f) Fine
grade expandabl e grdphi t e Tertigry mving ¢alahistd¥ rom 1| C. 1. Li%*ted as |[CERECLOR S52
(CERECLOR i s a Regi qt er ed BiPMagiagomPk) (h) A nodified M, availfable from
|.C.1. Limted under| the Piusindiswalon 250 30 A sample $¥ this f
tested using a No. { cri bgraﬂﬂp{gﬁl f’I""PE of crilp ng[err] i

Fl aming of foam ceaded  Chorna 9%ni ssi o of smoge ceased

(1

35 5 -'1!! = e 0 ala None 40 M5 50 55 7
EP 0 197° 888 Bl TABLEN@psitpdARIE®nt (see notes bel ow) EXAVPLE 8 Pol ymeric
pol yol (a) (a)‘A g_@@xg@fq?glgney.qowk)iy yl driol ?f@g’foximate molecular 6 \Wat er
8 Anine catal yst (c) Weight8000, having a high proppriion of dgrming] pimary hydioxlat o) yst  (d)
0.2 groups and available from Bayer AG under the refetence 7963.
U 20 (b) A silicone surfactant,.‘available from Goldschmidt AG under the reference
- - B8629. = 4n

(c) DABCO 33 LV (see TABLE A)

(d) Available from Union Carbide under the reference A1

() ARCTON 11 (soe TABLE A)

(f) Fine grade expandable graphite

(g) Available from 1.C.I Limited as CERECLOR $52 (CERECLOR is a Registered
Trade Mark)

(h) A modified MDI, available from L.C.l. Limited under the reference VM 25.

25

30 A sample of this foam was tested using a No. § crib.

Burning time of crib 3% minutes
Flaming of foam ceased 6 minutes
a5 Emission of smoke ceased 20 minutes
Progressive smouldering None
/
40
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10: - ) Surfactant (e) 0.9

G aphite (f) ' 20 Chl ori ne/ phosphorus conpound (g)

10 Di butyl tin dilaurate 03, Pol yi socyanate (h)

41.5 Notes to TABLE D (a) Pol yol %Bé*’%g%"e’g‘rABLE C) (b) Available from
Lankro Chem cals Limted under the reference A260 (c) DABCO 33 LV (see
TABLE A) (d) Al (see TABLE C) 20 TABL (e) B8629 (see
TABLE.C) (f) Fine grade expandl bl e graphl te (9) TOLGARD V6 (see TABLE B)
(h) 113-17 (see TABLE A SO tested using a
No. 5 crib. Burning ti of Ingrpdligpt (see notes belgw); )} ,;EXAM gi on of snoke ceased
13 mngtes 30 Polymeric polyol (a) Progresstoee smpul deri ng None
EXAMPLES 9 and 10 35 Hi gheresadinkingegee () oans werfp naé@e by |i ncl udi ng

formul ati ons as shown ipWadle E in a nould at][er®] folll omed by curing for
10 m nutes at room t enpégrimingraatalyét@lantiti es are paﬁt2s by weight). 40 45 50
55 EP 0 192 888 Bl T/\E_GE'aEamgrceth%m) Exanpl es
9 and 0 5 Surfactant (6Po| ynreri ¢ pol y (8?
50 Pol ynmeric pol yol (b) | Graphite )
3.2 Anine catalyst (c) C"'°""°’ph°s°"°’”s°°mp°“"d(9) g i ajy Anine Catal yst
(d) 0.2 j_d)lbu.tyltmdulaurate Sur gtart (e)

0.6 Exgandabl e graphi t e | "olisocyanato (h) adidmtetra borate
decahydrate 5 Needsyo TARLEANat e (1;5) 75 Not es
to Table E (a) A pol yoxy peidolybigaed (Fed TABKE €L hyl ene triol of approxi mate

ol ecul ar wei ght 6000, habk4y 'ableﬁP lhanks Pc%b@ﬁ'??'%\ﬂmt*ﬁd%@ﬁ’%ﬁ%{?’efmﬁﬁ@ry

hydr oxyl (c) DABCO Y (se6 TABLE A)
| (d) A1 (see TABLE C)
20 (6) B8629 (see TABLE C)

(f) Fine grade expandible graphite
{g) TOLGARD V6 (see TABLE B)
(h) I 13-17 (see TABLE A)

25
A sample of this foam was also tested using a No. 5 crib.
Burning time of crib 5 minutes
30 Emission of smoke ceased 13 minutes
Progressive smouldering None.
EXAMPLES 9 and 10
35
High-resilience foams were made by including formulations as shown in Table E in a mould at 45°C
followed by curing for 10 minutes at room temperature.
_ (Quantities are parts by weight).
%
40 -
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groups and avail abl e from Bayer AG under the reference 7963. (b) Avail able
fromB P Chemcal Limted under the reference UL315 20 (c)
Triethyl ene diam ne, available fromA r Products Limted as DABCO 33LV (d)
Avai | abl e from Uni on Carbi de under ER& 19288 &{ce Ni AX A1 (e) Pol yal kyl ene
oxi de pol ydi nethyl siloxane silicone available under the reference B4113
(f) Mdified di phenyl nethane diisocyangig @yailable fromIC under

ref erefice VM5, 25 For Exanple 9, foamwas tested in conbi natlon with a
wool | en fabric of wepght—approximately—400g/-er+h—ust-rg—a—MNe—6—wooden crib
(wei ght 60g) accordi hg t oNEEdie®52 Part 2, 1982. Hi aFxamples P 2t  bam f abr i ¢
conbi nat gon ceased 1f.5 npgmﬁ@igp&ydp@the I gnitiorf of thegwooden grib and
there was no progrespi ve Bdiymanopbighe(t) Ng reveal ed [by exasd nati on pne hour
after ignition. The pei ghwatkoss shown by the foarp conpongdt was pbout 3%
For Exanpl e 10, foan]was Amisé emhlyshicconbi nati on wilth a wodl noquefte fabric
of wei ght approximatgly 8U0&iphf &nind Calgysh) a No. 7 |Wboden @2ib (we| ght 1209)
according to BS 5852| Part Sfadt@8®) Fl ami ng of the |[foam fa®bfic conpination
ceased 15 minutes frpm i ghiredgble gephithe cri b. Therle was %7 progrepsi ve

smoul dering. 35 Claifrs 1. sﬂ‘%ﬁﬁdﬁ""l‘%ﬂe‘:ﬁﬁ@atﬂroduct ion of%a flexible
flame-retardant pol ylret nB38soP¥am? % r om a foam fdroi ng feaction hixture

i ncl udi nlg a pol yneri c NeRkwotabamed an or gani ¢ pol yi socyanate, characterised
in that The 40 p o [{a) Aoy axypropyanb/polgoxgetiytehy bl e apppaxinatd malediat he

foam f orm ng reacti on weightt600Q: having @ high ptogertim,of wamihdl prireary Metraxyldance
conferring additive, 'OmxpeandatsileblefroapBryercAG woderdhe fieforegeeaf®Bd-t e cont ai ni ng one
or nore exfoliating a?&)m'%'a@mtw B IRehervionl $imited ungeetheseferanse BIS1%i | | occur at

hi gh f¥ngerat ures. o\ THethyirse diamiveevitalle fron £ir Brogets Limiied a8 PABGO BWVi n t hat

t he ambunt of expandalﬂ)é“’ﬁ'i"%\ frg WniprCarbide unget e rofrence NIAX A} g react i on

m xture i s such that é’Péa on¢ oxige p&‘(yd'r’étﬂ’é'ts"%ﬁ%sﬂ?’\ﬂéwﬂ?ﬁh ‘ﬁ‘geré'i'(ep'ﬁﬁffﬁﬁ e

graphite in the foam ccor. aracterized
in that the foamforni Mgdr'@géjfp?'?fﬁpﬂ?txat" ?"”%’g aﬁeaa"%ls?g'g urr'r‘%e’rr 'ee’l;I FUFT her

fl ame-resardant ingr aims 1 to
3 characterized in that the foamform ng reaction m xture al so contains an

i nt umescenteBREPALY. fRFM Yifr iededintcomyination Wit'éﬂlvﬁp'@"ff?'%i'ﬁé’f W@S'&r%@[ﬁ’f‘mate'y 4°°9’ m?

pol yet her ur“§t‘915rﬂ‘@ ?&QPH‘WH’BH‘” Qh‘r'ﬁ?q)%%md’] cf‘a'p'f‘g f

oot ai n28 gl A e o sy g@aﬁ et it w@m ?ggﬁ‘
cont ai ns S modna wasa ) d bl'® P i

graphi te cof'gl Jagm%é %asma 160 5 doRbind oh’lﬂ B&&L éﬁg@i M Lr%ny

expansi on %6 0?0 ﬁ\H ﬁB ‘;“V\g)gd 2] Cv@l 13 )a of the

| ngr edi ent toamsabric combination ceased 15 minutes as no progresswe smouidering.

Pol ynerig pol yol (a) Po erEI’I c pol yol

50 Wat er Claims

1. A method for the production of a flexible flame-retardant polyurethane foam, from a foam-forming
% reaction mixture including a polymeric polyol and an organic polyisocyanate, characterised in that the
40 polymeric polyol is a polyether polyol and the foam-forming reaction mixture also contains, as flame-
retardance conferring additive, "expandable graphite™ which is graphite containing one or more

exfoliating agents such that considerable. expansion will occur at high temperatures.
2. A method according to Claim 1 characterized in that the amount of expandable graphite in the foam-
45 forming reaction mixture is such that there will be at least 10% by weight of expandable graphite in the

foam. :

3. A method according to Claim 1 or 2 characterized in that the foam-forming reaction mixture contains
ons or more further flame-retardant ingredients.

4. A method according to any of Claims 1 to 3 characterized in that the foam-forming reaction mixture
also contains an intumescent-generating ingredient.

5. A flexible flame-retardant polyetherurethane foam which comprises the reaction product of a polyether

] polyol and an organic polyisocyanate characterized in that the foam contains, as flame-retardant

ingredient, “expandable graphite™ which is graphite containing one or more exfoliating agents such that
considerable expansion will occur at high temperatures.




Am.ne cat al yst (c) 3 Tertiary Ami ne Catal yst (d)
0.2 10 ) Surfactant (e) 0.
Expandabl e graphite

decahydrat e 5 Polyi socyﬁa‘f é”(‘f“? 75 Not es
to Table E (a) A pol yoxypropyl ene/ pol yoxyethyl ene triol of approximte

mol ecul ar wei ght 6000, having a hi gh pregegki on of termnal primary

hydr axyl groups and avail abl e from Bayer AG under the reference 7963. (b)
Avai |l abl e from B P Grefieal—tiHted—dhrder—the—+gfete 315 20

(c) Triethyl ene diarine, "¥PeMabl e from Air Produc E?"]Pfeﬁ?f‘%‘ﬁ' DABCO 33LV
(d) Avaid abl e from Uni on palgmériceelyeiiggder t he referlence NsAX Al (e
Pol yal kyl ene oxi de pol ydiPaphérigipolgeliyxane silicorle avai babl e under the
reference B4113 (f) {Modi Wakd di phenyl net hane dili socyand®e avai| able from

| CI under reference |VM25AMNG cRaystBkanpl e 9, foam was t&ted i n fconbi nation
with a wool |l en fabrifc of ngﬁmmaﬁﬁﬁ'w@ratel y 4(Q0g/[err82using fa No. 6
wooden ¢¢ib (wei ght |60g) S&@@Bf"d?)ng to BS 5852 Part 2, 1982. Flgning of the
f oam fabri c combi nat]i on ERgadaplepEpliter; nytes from the i &hition t he wooden
crib and there was o prﬁ%‘?‘é&%"f’%@ DILAYd®Ber i nd reveal®d by exfani nation
one hour after ignitli.on | oss shown Hy the fOam conplonent was
about 3% For Exanpl eNcldB to TabterE was tested in conbination with a wool
moquette fabric of welghpolyappropxeneimpiedxyetBlng iriokaf eppraximategmeleciler. 7 \Wboden
crib (weight 120g) amhmmwmlﬂm0m¢tm'm§8®a¢hﬂm of the

f oant f abri ¢ conbi nat i ¥pHPE axkavelable frem BayeeAG pndgiihe f?ref‘F‘bWG%f the crib. There
was no progressive snBlAvaleplpfrgm BILChemicalimited unde “F?)'r"3ﬂ?1e roductlon of

a flexie flame-ret AP ’13 “Pf%t % ‘q’%§g reaction
m xtdre including a p%ﬁég&gydenﬁ%%qudl%?? ?{:(%rrei ana§ nger ere ereh )

3317 Sodiumtetra borate

v

......9‘.
-5

characterl sed in that I's a po yet'her pol'yol and

the foam forming reachifhemm e e e

conferring additive, \ypgpanda ch'I's graphite containing one

or nore?exfoliating -ag-eni—-s—s-u-eh—t—hat—ee#%de#a-b#e—e*pa—nsa—eﬁ—aﬁl occur at

hi gh tenperatures. 2. A rrethod according to Caiml characterized |n t ha
t he arrountF"tS1E" ﬂdaas'r é'a th %’"]bwa‘l%é”"f'ﬁ VmO"% abric ormat gg g Sopel
@) ageorg '%@t |n% tp %mc

m xt EI‘ e i S ]n 255 min % ( ro ressuve
_grap 't IQ‘,‘ }3 rmgoggﬁ'al by X ja&%t“é% § 'ogﬂ m lo ?6\& a%j
in that /rea I on th re CO alns one OI’ nore t
flame-ret a.E %&é[nw 9, %ﬁne tested in" .m‘mm S50 niblofidte tfébn@ravw%m qﬁgbﬁﬁatéw to
3 charact eggogRel uki frP@ﬁB weight! 138 )ra%@&&.a.goe B8 ¥dsd ran & iR BSthéln
I Nt UNMES CeNjoarliRBRY @ blﬂ&itoh B&E&ﬁis@ﬁlﬁutesgromﬁgrgtioﬁw thY @ibf Thai¥Brak R %Q&%Ive smouldering.
pol yet hgg ur et hane foam whi ch conprises the reaction product of a polyether
55 pol gaimsand an organi ¢ pol yi socyanate characterized in that the foam
contains, as flame-retardant ingredient, "expandabl e graphite” which is
graphi t e contAamatherdyfootte wodutinneof exfleaibledtamatptadpen palyualiehe fidast frero res foarefanhing
ex pw| on Wi |r¢acmcm|xturg_nnch|ﬁ|g¢| atpelpmm ericaolypleand a®organic polyisocyanate, characterised in that the
polymeric polyol is a polyether polyol and the foam-forming reaction mixture also contains, as flame-
retardance conferring additive, "expandable graphite” which is graphite containing one or more
exfoliating agents such that considerable expansion will occur at high temperatures.
2. A method according to Claim 1 characterized in that the amount of expandable graphite in the foam-
45 forming reaction mixture is such that there will be at least 10% by weight of expandable graphite in the
foam.

3. A method according to Claim 1 or 2 characterized in that the foam-forming reaction mixture contains
one or more further flame-retardant ingredients.
50
4. A method according to any of Claims 1 t0 3 characterized in that the foam-forming reaction mixture
also contains an intumescent-generating ingredient.

5. A flexible flame-retardant polyetherurethane foam which comprises the reaction product of a polyether
55 polyol and an organic polyisocyanate characterized in that the foam contains, as flame-retardant
ingredient, "expandable graphite” which is graphite containing one or more exfoliating agents such that

considerable expansion will occur at high temperatures. )
/
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EP.0 192 888 Bl 6. A foamaccording to Claimb5 characterized in that the
foam contains at |east 10% by wei ght expandable graphite. 7. A foam
according to Caimb5 or 6 charact.%ioz‘ggp'gg 1;|hat it passes the burning test
of BS 4735 5 Sept enber 1974. 78 Blaccor di ng to daim5 or 6
characterized in that, when used with a textile cover, it passes the No. 7
crib.testg Of i§§n5a§t§>?angafot citiml 88haradiblizod in fhaf %%ﬁﬁ%ﬁtﬂhé"gt loRst210% 8 wolghi M5
5 t 08 char gghfiabig gdphitd. t hat the foam form ng reaction mxture contains one
or nore further flanme-retardant ingredients. 10. A foam according to any of
A ai s 5 A4 0AY%arh akdedigy toZE18imi §) of Bathaiabrerizbd AiTeHaO it Nfassgs N@abirhigy test #ft BS @738 SO
cont ai BS anSepmbeeszent - generating i ngredi ent. 15 PatentansprUche 1.
Verfahren zur Herstellung eines flexiblen flammhemmenden Pol yur et hanschauns
aus ei ner8. s dHeamincordingl tonCleim Rerebcthamrisiived dhihaigwhed jugedewith aetiiprnovesdt Pagsesdihe und
ei n or gani s¥pdCripEstaf S§SRRat 248628t , 11O dadur ch gekennzei chnet, daB
das pQ ynere Polyol ein Pol yet her pol yol ist, und die schaunbil dende

Reakt i ¥nsti §(5Pﬂ5'h%]°3{ﬁ't9ﬁ to,jaay P 'Wﬁé%ﬁg’%‘i@?ﬂ%ﬂ%@ﬁﬁ@% foRAfprming reaction mixture
"expandi er bSEAs %?SHW" “'é'f‘?[f‘?&?efretarﬂﬂt ngBAPEY sich um Graphit handel t,

hohen Terlol 1" % g‘%ﬁg?ﬁfgg nfhy £ b Sttt S R i e el .
e en Z

re
genmaB nspruc net daB di e Menge des expandi er baren
G aphi ts Patbntiiisp ﬁgﬁpun’ol | denden Reakt i onsm schung derart ist, daB zum ndest
10 Gew. - % an expand| erbarem Graphit in dem Schaum vorliegen. 3. Verfahren
gemAB ANSRI Yédanibn 6l Horstolluriddilds fidkibibR HBHMRdMntoR ARt RolyldRarfdtRums ARLEHaH ScHEURBR-
Reakt i oNsSM dendbh ReaktiGiisiisEHang: | diee Bin Osbiinerse 'HoBbIE uNEbih RFganiEdnae TPIRIEGTRAMEC umfaBt,
Bestiangt ei | @adareh [yokehiizeicknet, \daB ldas1sdyinedie RENDI @inPiyettierpolydn S0 ol e schduibilddnde
dadur ch gek Beaktapsroisenedg audt Bls dHlannshemaungvdriditendes ARtk t"expasiermeh (GrgphiUaithditi nen
| Nt uNes zenzbe dem @g eicitlam GBwhit bandditcwéichendites [oter niSBrereTExfolidtions-Mittat enthilt, derart, dad
fl armhermend@'|h°*I30Fmdmm@nmwl@haﬁmnﬂvelwmﬂetdas Reakt i onspr odukt ei nes
Pol yet her po- XOl s und ei nes organi sches Polyi socyanats unfalt, dadurch
gekenn®ei % h¥erfahreg gemafcAnsnigh y Aadaic aekeaiizpishantndad gisrMange desrrppandiprbaren Graphits in
"expandi er ba¥eighaemaisienden Reaktiqnemischyng | degse ffte daB7umyndert, 185 SoM 1 Ter annerRensiefbarege
ei nes oder ﬁfé’ﬁ'l’"é?ge PR YPTYAS- M ttel enthAlt, derart daB bei hohen

Termper at y eQ, gj,0¢ erﬂepnsma panag! Wb% éntzf' g 5an b scﬁaamm%%ﬁ“"%"

Anspr ug h
expan- d| er a@qnh{% ent aum ge nspruch 5 oder 6,

dadurch gg k@&ﬁﬁr@ﬁé@rﬂﬁt eindi@ aeleﬁnsgrﬁéher B @ﬁurtﬂgﬁﬁnﬁghﬁg 38 4R schaumbBfidshdyTber

1974 best ehheakfonsrisihad BuBiCoNR 1iRRdaEeAS BrzSugBiieh B fehiralk gekennzei chnet,
daB er, wenn ey be! einer textilen Beschichtung verwendet wird, den Nr. 7

Behal t gr -s] e slbxilgét MaBmEmrehtiet PORbtherdtethahSchali®, Slehdr dadReaktfdnsphiibia wiegRoleBe@bNEmM
der Anspr Uclyels undiethes orgeliisttiésC Poliidkyanamg @meht) @adurctl gfskahnmichis adafliet Serade als
Reakt i onsm flanimtegmendee Bestaleltsil ITeipareiiocbarse iGraphie’ dnthéditrbicdemesscsich Bes Gaphit rendels,

ent hal t. 10derSinksioder gebrarB Exiolaionsddittel st ddranted8 Hei hohen Tegwmeratureh eine erhebliche
gekgnnzei chRgensiiaBtdel. schaunbi | dende Reakti onsmi schung auch ei nen

| nt une¥zenz-erzeugenden Bestandteil enthAlt. 55
Schaum geméB Anspruch 5, dadurch gekennzeichnet, ‘daB der Schaum zumindest 10 Gew.-% expan-

dierbaren Graphit enthélt.

7. Schaum gem&B Anspruch 5 oder 6, dadurch- gekennzeichnet, daB er den Brenntest gemi8 BS 4735
45 September 1974 besteht.

8. Schaum gemi3B Anspruch 5 oder 6, dadurch gekennzeichnet, daB er, wenn er bei einer textilen
Beschichtung verwendet wird, den Nr. 7 Behélter-Test gomi8 BS 5852 Teil 2 1982 besteht.

50 9. Schaum gom#B einem der Anspriiche § bis 8, dadurch gekennzeichnet, daB die schaumbildende
Reaktionsmischung einen oder mehrere weitere flammhemmende Bestandteile enth#it.

10. Schaum gem#B einem der Anspriiche 5§ bis 9, dadurch gekennzeichnet, dag die schaumbildende
' Reaktionsmischung auch einen intumeszenz-erzeugenden Bestandteil enthilt.
55
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10 .« o , 1 12213 2 ||} 23020012 * C L N
S * EP 0192 888 Bl Revendicatlons 1. Proc6d6 de fabrication d' uue
nousse de pol yur~t hanne, fl exible, B0 %éjé"&gréf:e de flanmme, b partir d' un
mel ange reactionnel capable de former une nousse, conprenant un polyol

pol ymere et un polyisocya- s nat e. ogrgani que, caract~ris6 par le fait
que | e pol gelentieationr € est un pol yet her polyol et |e n6lange reacti onnel
capabte de forner une nousse contient dgal enent, en tant qu' additif
conferant wun redcBed d¢ RbrizatibA Wuriél tholidsa B Polyudéthangs, Sigditild, estidgbizn g6 liarere, QUpartie 8%n UN
graphi t e contntengd réatlionel dagablendedigreait uné enogyssaf dompmtint arepdyel potymd@rdt en polyisonys-
forte ewpansinet cganiguen darat@is@par 16 dattpe de polyeb pdinve et un Golyéther [Ppipel etlle méldnge

| a revendi catréastipniel cappblaciecipims6 upsamoysse foptient goatenent, @ dant iy &idiE copfésgohn effet
expansi bl e dagtardeus denflamme; cdur grephitecprprabible h g I9Steundaraphite Aesteng/l @u MoiPS 4B agent de
telle qu' il goaflgmantse telippate an'ons ferte reangien shcPrepuis i teennéeiyas Sloriee dans | a
mousse. 3. _Procede selon | a revendication 1 ou 2, caract6ris6 ]

le fait
| e Al anJEPEarelon dhiguandicatipn, fy caragferisp par 1o fajt gue,a au %q?rﬂ'ﬁo"g‘? B ipla gans e,
e s un| ARSI b T it s 1 iy aiarf@.a"wmﬁ»%g%ﬁeaemez Bn

. raphite pxpansible dansg.la mousse. ‘ .
| " une quel cor?qt'}e FERENFRI IR Ehs 1 a 3, caracterise par le fait que le

mel ange r 6gctd, QBRELs1dh AP AR HicSRN f100E :’?ﬁ% 4SS it GRS e rﬁﬂé\:g@ Qé'il:t%ﬂ;?eg E:apglﬂe de
f

i ngredi ent  98&REAINS Housde LoMiSHTES MRS unlifgredibALiBtaraatedyfd Harm pPl@«lnX:ﬁiiJ& !
ur 6t hanne, flexible, retardatrice de ammej qui conprend [e produit de

reacti on da,umpgeeds) sdidneifund QLaicdhqut ded' réVandicalions SIOE 83 Bahdisriod @anie Gal€que le mélange
caract dri sde r@fionhé? chpablb dg imérandMGGSE céiisht Egaimentaun ifigidtkenOgénératgir drint@idscen-
retardateur de flamre, du "graphite expansible" qui est un graphite
contignamt au noins un agent de gonflenment de telle sorte qu' une forte
expansi on §e Moussddemalyéthec urdthapre Baxibloc staidfatrice de Bdnuwes gui. codpreivbia Peagiuit dé Wactiom
revendi cat i orf'vg polyéthes oold ebdbuen pelyisodyenafeirganigure ciractdrisdesnae ledeiiaup daynousse qenionts
10% en poi ds efdanyauipgifdiant feur dgl flammsodu “praphilg pyrppsibie] quhest yn grarhile genéeent an 5
ou 6, caract &9nsy9 qgant decgoptignentydp iellq EorigAvLRe fote @RANYNEe preduirg gyx [gEpératures
conbust Pon d&°B8S4735, Septembre 1974. 8 Mousse selon | a revendication 5
ou 6, caragt~ris6e par le fait que, larsqu' elle est utilis6e avec .un

evyt enment ot AEFESORL(S i 3 ttecieR e oo alt siivisn SR S oo 0L A1 )
N 7 de I a nofie %esg g?, P ®  Partie 2, 1982. 9. Mousse selon |'une des
revendi Gaty OifoustoBofn 1L AdGbabh 846 o Biradiisdelel 111 ol b 6o LRBS! b RANEL

capabl e de fQBmfﬂidﬁ%gW%g(e)&%é @k au noins un ingredient retardateur de
fl amme suppl enmentaire. 40 10. Musse selon |'une des revendications 5 a 9,

caract eri sge Moassel sBioh & tevéhidRatloR sTod 6NE@RICEALBE poBIE qeR RAsalreNeckt LNlisssedved! DR
nousse cont i estemgrt|tedamdle Passe B S0dcBle 16HE BE SPb@ Lo (chi) INTESdeaH @me 43 5852, 55
35 Partie 2, 1082.

9. Mousse selon I'une des revendications 5 & 8, caractérisée par le fait que le mélange réactionnel
capable de former une mousse contient au moins un ingrédient retardateur de flamme supplémentaire.

40 10. Mousse selon t'une des revendications 5 & 9, caractérisée par le fait que le mélange réactionnel
capable de former une mousse contient également un ingrédient générateur d'intumescence.
45
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