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WO 2006/125258PCT/AU2006/000686 Low resilience flame retardant
polyurethane foam Field of the invention Technical field This invention
ethod of production of flexible graphite filled low resilience 5
E?o%/&t?r&g%ﬁ%%gegfoams and to novel products obtained thereby. é’&&é‘a}’oz&%‘é"
of the invention The physical and mechanical properties of polyurethane
foams make them useful for a wide vari1ety of applications, including
upholstery and bedding. However, the inherent flammability of
polyurethdoewnzesilienesiflame ketpadantepoliyadetisminfodehris
10 when exposed to fire conditions. Additionally the inherent properties of
polyurethane materials leads to sustained combustion by progressive
smouldering even after the flgfaes SpMsIRSRSHEROVIshed. Furthermore,
cellular materials manufactured from flammable polymers are more
flammable than the solid materii€$apicaldigld insulating effect of their
cellular nature 15 allows a rapid build-pp of heat at the surface. -
T AR RIS 1 DIGHIEH o PR RS E Hoe ETaRnGe Siksh g resience
polymethaiid foaresaad| to omles] orodalctspsbymiret aherédam behave more like
a rigid material when exposed to flame, a particular type of graphite, ie.
expandable graphite, is employed. The method of achieving flame
retardancy in flexible polyBaetpetiiRhoF i HidpRIoOh20 the graphite
flakes is not new. A general method of introducing graphite into foam has
Thbeeghysiczl esetimeti@feabptohdinSed pshigrettancDioalms hirikkedhgiuseful for a

, , ib thods of, .
B0 s TG Y 18 S TG e
flagebiliyinf Rolpusinane matetalsdagds inmsltingrand dhspepress wbkiuming debris
wHREPSPIESk 1H6riAd QURdASPRISARIONARN e aIs o JHY %ﬁ%& og lpolyurethane

resili nie polyurethane foam with lgng recovery times, goo feel,

MRS R i SRINEH PRHS R ARG RSHES Shpuidering even after the

flaReA1h6 HeRin GkliduRPR@/000686 2 Recently a need was created for
graphite filled low resilience flame retardant polyurethane foam with
specific physical properties such as slow rate of recovery, high degree of

Fu @rcealiasniaisoaleversniagiverd THesToSammmiNepreiiiaers are more
ﬂammaa@eﬂwaﬁrm@ré@ndbﬁaﬂéﬁéxaw@@%nwiﬁ&m&?ﬂ%mékt%@mik%llular nature -

such as 5 presspre peint reduction. A high degree of flame retardancy .

alIGH PRI 1] hiﬁ?ﬁye%ﬁé&féﬁ&% CPasaauentivn Galbfinc ambgeric materials
havéherhigisroatiodfipyrolysiscthemnsulidsreteitdly.for ndeetdlighige polyurethane foam
be@%;esr:%{é‘r%ﬁlﬁ(@yﬁf&) %%fe'xnlatp\?ﬁc’ r? %Ic'ﬁ%ggg {% ?!%%1%?% %%?H'c%:%?ttﬁ?e of graphite,

ie. expandable graphite, is employed.

00686

The method of achieving flame retardancy in flexible polyurethane foam by addition of
the graphite flakes is not new. A general method of introducing graphite into foam has
been disclosed in US Patent 4,698,369 assigned to Dunlop Limited (UK). Furthermore
US Patents 5,192,811 and 5,169,876 describe methods of preparing graphite filled
polyurethane foam in combination with melamine and casein, respectively. The current
invention expands upon the work presented in the above patents by producing graphite
filed low resilience polyurethane foam with long recovery times, good hand feel, long
serviceability, and good flame retardant properties.
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acknowledgment, or any form or suggestion, that this prior art forms part

of the common 10 general knowledge in Australia or any other jurisdiction

wiotbeustiis2pgior art could reasonably be expected to be ascentamnad2006/000686

understood and regarded as relevant by a person skilled in the art.

Summary of the invention The term "expandable graphite” is intended to

cover graphite containing one or more 15 exfoliating agents such that

considerable expansion will gccur at higher t ratures. The foamin
R B o e e S ) SaSet 8 EBHRLA e B GRICpER vlgfde retardant
poiyitieihzane dagt odh e peaifisi giy sicalpedpprtice asichS86 bjowefetafécovery, high

I 5% by wej raphite in the-final : .

e T L SUBdort IR, B i proviae
incRaged ctaratmityiocthareveiunsswall 8% povide erittigrisatthvbenelits such as

pre%ere hafo &&@@@'Alﬁﬁ%@é@e@hﬁbméh%%ﬂ%%EuTJ‘?éwake this foam
amount oéggaphlte in the final foam, expressed in parts per hundred parts

usefuh S5rRialN R rireraR iRRAlINg 0ARRICaHRRS (Wheken disgeliert iserebamcommon,

esPSLRINY RPNGNger TigMSE aspect, the invention provides a process of
preparing a low resilience 25 polyurethane foam the steps of mixing

expandable graphite into a polyol component, and reacting in a single step

Reaer@a@qdﬁ it rEcEAipinsing specization & peePaT Abootkresdeseagen as, an
aclibHIGABIARMNP ARNARAR o slRfa S IBACHA BRI NREARA HBRE FANIEF the common

containing polyol component, the reaction mixture initially being ‘at a

geqerhdinplredice iy Mstalie afRey PiheigldRsdislirneOinthatithls prior art could

resganibilg o axpuctesitie e docsnansd) enderStioeauliatiaurdaNds Klevant by a
lose itksdog.re\ﬁ]ilien#e properties and become resilient. Therefore, to
RE {BW'redih

PEERL RS g ence properties are maintained, environmental
conditions and mechanical factors need to optimised. The most preferable
method of incorporating graphite into tpe foam is via the In Line Blending

process. In Line Blending proTH0ang ai R aesBtiABmogenous blending
f o iti into liquid chemical constituents without the
T R KSR R G S SrTRltg ag o more
exioliating Wmﬂmﬁmsuana@bmmnm ﬁnwlchmerwm?gfwnmﬂperatu res.
ThBFBEhilE FESCidh haRaRs U?@éily%ﬁt%‘iﬁ%e%a‘é;ﬂ“%qr?g% DBUREsuch that there will
powder/polyol slurry is accurately metered'to the foam head as another
bec@ﬂ%ﬁeﬁ&r@ﬁﬂ?@ﬁ%@fﬁfﬁg%ﬁﬁp@%\%r‘é’sl‘@rﬂ&fé\f@ﬁmﬁﬂﬁeaﬁbﬁg@aﬂews'y at
leak® @8%|eysvieaiht 8F JRYYRIRr aend inkP Raf ATHE YRRJBAr  PERERIRRY in the final
19-25C. The graphite may comprise the sole flame retardant in the
foam, m¥, Hﬁ%&?&gﬂ}i ?@c&n%h%r%‘,’ﬁ&&i@ﬁ‘%ré‘ifﬁﬁ‘éa\ﬁﬂyb@%lf@%ﬁ&ﬁié'&ua”V the
amuunthef graphity ligillihStreecesdrdaess (osfetadiarndysorbuy natighileth the final
prdQul SR gRSuRe BRI IS TS AR RIS, expressed in parts per hundred parts
of polyol is anywhere between 10 and 90 parts, advantageously between 30 and
60ppw.

In one aspect, the invention provides a process of preparing a low resilience
polyurethane foam the steps of:

mixing expandable graphite into a polyol component, and reacting in a single
step

a reaction mixture comprising
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20 boron compounds or halogen-containing flame retardants. It is

preferable that the carbon particle size is in the range of 0.1-0.75 mm and

We 20delitisersates provide a foam comprising at least 25% by weEign2006/000686
expandable graphite. In another aspect of the invention, there is provided

a low resilience, flame retardant 25 flegble polyurethane foam formed by

the process of mixing graphite into a polyol component and reacting in a

oM A DIRRSETER G IELHGN LS bontaning

polyslappstepreiie thegrrstishimbdusniisivobgibaeat. aMemperature of less than
404906/125258PC11AU20061000686 4 The conditions needed to produce

flexible polyurethane foam will vary according to the reactants selected. A

person of ordinary skill in the art will know whether to include additives

Wheand mwiingadditiveswsiesulintlading rorahéd, inco thédolermasilidace datatyshixture, the
iary. blawing t etion candifi re required -
e B o o ROt PSR ifBme resitent.
Thesefpencdagensire filhel fewmrasiaife wpestiesu g fromizahes 5G9vironmental
comiRfsHatindr %é%f&?%@ov&ithe%@{%%ﬂ%%@wwf%‘eé?erabxe method of
._hydroxyl groups per molecule) up to 7, preferably 2 to 5 an
'm&%éyewb@t@fﬁ%mﬁhﬁi R ihp R endingRiosessast 2.
Usually the foams described in the present invention will pass the

_ : : ; : 3
e hecbroscae o oS R ET Y St aaioves
intericivic harpiopl Fenetinantewitheub s reed Jarkalish Riosessjngraesdatch blending
tarlkaVerhit YrRenoHBalistsly MR SCARE PERRPIESERT LY QU fdlSthine into a

resent a test for evaluatin covery times of low resilience

etho re
el SRR R Chs HSTR A DO IR (RGP ot cralied and then the
powrdrrigelyal pllyrydthaoediedalyinabigied: ff ibestdanyfiegHagbitdicihgr component
str gm’ng a recovery time of at least one second. In the preferred farm of
IS aspect, the foam comprises a reaction product of an organic poly
isocyanate, water, a reaction catalysts, graphite and a polyol component

The/ AN M@r&ﬁﬁ@iw pf%ﬁéﬁﬁb@omﬁfif@;_?ﬁgd%ﬁﬁzﬁ%%ofg'ié@@ril@naﬁhﬁg”c,more
invention urther provide a graphite fi glyurethane foam having a
prﬁgﬁég@n@%%é %ngﬁ/‘?ﬁé‘ Eh%f&&&afo 4 4%‘}2% overy time of at least 1
second b) Cell count of at least 24 cells/inch (as per AS2282.5 (1999))

ThéSdrhPfRsiNaR Orleg/saR (3R ABARBRGIHL 909 HAEAP mixture. More

Hardness range 20-300 N (as per A

»

S2282.8 (1999)2&\?0 .
COBREN 2 SHBUBNET) ATFRIE/ 0¥tle 8 sAcFRIMPRRIRIa RYarR%hs Wevally liquid flame
retRRAA( BohAbe tadily fof, () Wetlimite8%d phespirner-ebisainingMd®¥retardants,
boléR BShpa i or }15%%%?'?-)containing flame retardants.

It is preferable that the carbon particle size is in the range of 0.1-0.75 mm and the
addition rates provide a foam comprising at least 25% by weight of expandable
graphite.

In another aspect of the invention, there is provided a low resilience, flame retardant
flexible polyurethane foam formed by the process of nﬁxing graphite into a polyol
component and reacting in a single step at a blend temperature greater than 15°C and
less than 40°C, a reaction mixture comprising an organic polyisocyanate, water, a
reaction catalyst and the graphite containing polyol component.
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In a preferred form of the invention, the foam has all of the above

characteristics.  The tests for examining each of the above

vliszenstezisties are described later in the 5 specification. Detaied/A u2006/000686

description of the embodiments The general chemical components of a

one-shot polyurethane foam system agg polyfunctional isocyanate and

polyfunctional alcohol, along with the catalysts necessary to control the

ate and t of reaction apd other.additives tq control the syrface 10 .
T R P e S e o Reth R apocording to the
reagstants eshinoterd tA mbwsbp pdlpfdinaiynskilbdrytheateat wdll kmowowhkether to include
ad AR LRI ISR 9 AHEHS %@@%&@wﬁg%eqwgﬁdfﬁfdc%talyst or an

generated in situ by the reaction of iIsocyanate with water acts as

aumbmnigl@g‘@_st adanhe aed: woat teactottiernciines evapmauivedof The molecular
welHalIsr iuinshREERE TESERIIBLAS T rRekBROldRA R IR G ite filed foam

process all of the 15 polyurethane foam ingredients are mixed and t

e
magaciiiR AiforHIHRN Mo 48fnith S899m Preferakly: Hieh &RA to 3000, with a
mnbﬁﬁi?ﬁ@tﬁMmbﬁmlfa@ﬁd@th i @&M@%mé@nﬁst?sst&w ferably 2 to 5
sually jn less congds. The ansion generally takes a few
and RSO A9 CoR ML LLGE o RRRS FRUdU el Basich is
also applicable to the prepolymer (two-shot) process. !n the 20.

UsRERP Ihereaiiy uebaiberrree BredaneimsiGol @by trﬁlife‘quirementé of the

crosslinking ag‘zlgnt are reacted and isolated as intermediates. T
teshasfiraribecin 0B, feriPrRendbcdi® QAR component, or

components, to yield the finished product. Most commonly the prepolymer

Al IRRCRE YHEYAEE ergﬁéﬁcfg?éaﬁ@#@%‘g @WH Wﬁ%@%éﬁc%%%ﬁ?ethanes,

are any that when utilised in the process of t present inve

testmathads dorreyajuatinasenevena firaes brysnnpbRepstfemealisad. In the scope of

therREEne SEAUBAD RO E1SFI raabhg oryasalest i Ude EHRRRING recovery times of
diisq Xémate, suceg as thﬁe%80:20 mixture or the 65:35 mixture of the 2,4-

bwa%"" ; -??o‘ﬁ‘?grgf WE a&iﬁocyanate, propylene diisocyanate,

methylene-bis-4-phenyl isocyanate, 3,3'bis-toiuene-4,4'- diisocyanate,
= | 2 | s .
D e ooy o B Ay i {King:
mixtures thereof and the like. The preferred organic polyisocyanate is
TolwdheaBli$d oyiih amaghibe; #07d0). The amount of polyisocyanate
employed in the present invention is any amount suitable to obtain the
deshaung.a iesaxpoctinasial e pemsreanghe foam. Generally, the

amount of polyisocyanate 5 employed in the process of this invention

icient: i 0rovi 5 NCO equival .
I e e o A B B bR TG of ap orgaic
polgOomyReIRiACkvatas. Al taqion sialelysisnigrimiiiteimpdvateoiyubqamizonblet wherein

thé?@&ﬁ&ﬁ)@%ﬂ@p&ﬁ%}g@g{%@%ﬁ&@%%@nate index not greater

than about 115, preferably in the range of about 50 and about 100. In
broad terms, 10 number of parts of isocyanate in reaction can vary
Thedmwesti20rmanfotihespronides parierhite flilted gidlyarethemeo foambaning at least

on?BFW@ﬂ%ﬁoHﬁﬁﬂ S hEMEsR88- 70 parts per weight of polyol (ppw).

a) Recovery time of at least 1 second

b) Cell count of at least 24 cells/inch (as per AS2282.5 (1999))
c¢) Density range 20-100 kg/m® (as per AS2282.3 (1999))

d) IF40 Hardness range 20-300 N (as per AS2282.8 (1999))
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The term 'polyol’ is an abbreviated name for poly-functional alcohols.

There are two main types of polyols that are utilised in the polyurethane
Wislusdenagasnely polyether 15 polyols and polyester polyols. Bely&thieios/o006s6
polyols are of particular importance to the invention. A polyether polyol
chemically is a polyfunctional alcohol having a polymeric chain with ether
(C-0-C) linkages. Polyol is a source or hydroxyl and other isocyanate
reactiv??%oups. It is the reaction of polyol with isocyanate that forms one

e) blee ettt dPRBRLBNRGeRuPMPRIFH FHak§! WHe iR Xoam
f) Rﬁlﬁmﬁiﬁ&@ﬂﬁ wyﬁa@r@m@wéﬁq@ns%ﬂnm begpd on the Etarting
olyol structure, different procegsing and foam, properties can be .
in e RS SRR IR, D A Sy Al o ehp a8l FRRAFFYiStes:
generally of polyalkylene triol type, molecular weight ranging 300-3500, ‘
The KEEbPWRIAINAG%ABH 3B abloVe KharaekAiBa AN B Iater in the
lower hydroxyl values higher are within the scope 25 of the present
spegilieatief, as are polyols having higher and lower molecular weights
values. The polyols may be random, block or graft polyols and include
mixtures of such. The polyols generally have at least three hydroxyl
groups. It is to be Betdded-dersrptinmef by erabadimertsd in the
process of the present invention need necessarily be polyols with ethylene

The, 988273 SHEBIER IMPSHIENSs Onip LORRTEhem BRI n SRR ohystem are
polgflitftioely deenirate Bydipalyiuntclrarii20toindithadg yetmbécataiaiinecessary

o BRI AEE S AR BTN R Ay o

cheldstithed fudyptegissse Tt gererahmptiipol obpreduttiag iseliniaf podyurethane is to

' . ; ical fc .

o BMGAERLlfoR AE BN AN e YR I b g goents and
othep geNitiva s SRATPSRARNHREH geBmiaied Jaolydroby themisaetiom of istgyrnate with
wat@F @RYsOHeh Iy RigRIY HRdHR theat W@W&ﬁé%%&t&@bﬁﬁ@é@aeﬁpomﬁon of

foam. Generally speaking, formulation s based on weight of polyol in the

volggiesbiowig RERRLEFIHING W She diRition obivamnlarrreshespmaessiqll of the
polyiesiaf rihinringeé dients \watinned e rthép alisciabgdy daiml @ik hdksr to form

the o SR TS T ATy RS TOHEES St LA el A ppansion
starig rqb'mkt_yt pestRif ma@qoﬁwaro 1hegrorsief polyaxfamsiad\geheraliyotaites a few
mi g%atéhﬁoé?m& Hﬂﬁdﬁ?ﬁ%@%‘?aﬁragb pW to about 8ppw. In the

preterre m Of t

e invention, amount of water Is between 2-5 ppw.

The present invention is also applicable to the prepolymer (two-shot) process. In the
prepolymer (two-shot) process, the isocyanate, the polyol and the crosslinking agent are
reacted and isolated as intermediates. The prepolymers are subsequently reacted with
an additional component, or components, to yield the finished product. Most commonly
the prepolymer is reacted with water to produce foam.

Suitable polyfunctional isocyanates are any that when utilised in the process of the
present invention will yield the desired graphite filled flame retardant polyurethane foam.
Examples of suitable organic polyisocyanates include toluene diisocyanate, such as the
80:20 mixture or the 65:35 mixture of the 2,4~ and 2,6-isomers, ethylene diisocyanate,
propylene diisocyanate, methylene-bis-4-phenyl isocyanate, 3,3'bis-toluene-4,4'-
diisocyanate, hexamethylene diisocyanate, napthalene-1,5-diisocyanate polymethylene
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The most common types of blowing agents for urethane foams are water

or volatile fluids such as halocarbons. Water generally will be utilised in

the present invention in an 15 amount sufficient to produce the desired

pOR a2 %EFoam, an auxiliary blowing agent such as, but noPfiFER0R§/000686
methylene chloride, methyl chloroform, acetone or carbon dioxide may be
used to fine tune physical properties of ¢he foam. While water is called the
blowing agent, in fact it is carbon dioxide that acts as the blowing agent,

p@ﬁo&@lﬂ@ﬁéﬁf%ﬂ)@éﬂf&&@y fh&t[ﬁ@ﬁt'%b%b?oﬁﬁa“%%ﬁéwq{ﬁé \ééa?é}red organic
uid halocarbo re 20 ytilised, they evaporate to produce a gas as the

PG T b LAED D RORUA AL PO Ploy B AERPHoRH AV Socyanate

entipdoseny inothebpreskind Rygretitn petréwp ?ﬁwﬁm(m@@wmﬁﬁwsw& low
wateg is utilised In e of aho ,

re?@g/rﬂﬁ‘%w}g &%q@l t[l)“ar yml ?%?Eﬁ@dl garﬁgwﬁyéﬁgo&socyanate

er@blwﬁﬁwntbemmeeablyﬁ thiarigeentidnoshoyip e aufficiert frefmwidly it least about

e é%iﬂv‘éléﬁ s ﬁ?&g@@@oél% ﬁe?g Veighio “Pe%QPa%O'sj{étt%% (that s,

preparati lyur |nvent|on minoramou

of the
Wﬁ)’@@ﬁ%dﬂé%ﬁ&g%twh@y w@iuﬂwgealtdharmyuhmmnts itluding water. It is

pretessbetsfd WiEEneideaTan M o provide an
20061 125252%[6?‘/%2006/000686 8 Ty pean Isocyanate index not greater

thap, ARquhd! %gprﬁﬁ%f@hlwne%ﬁsranaesaawa%5%%@%5&99@@@% terms,
nuphbe mnmym@sssﬁqmr@ﬂéf MPriadtidRhe=of %@ﬁ@é@ﬁsz@% about 150. In the

fer Ween about 1,0 and ab ut 2.5 pp . Other
P Tt B L L R BRI e o e ARE0 parts pr
waighthol $itlyiel (ppvile ethoxylated alkylphenols, aliphatic alcohols and
sulfated aliphatic alcohols, with molecular weights in the range of about 60

bout,30FY , preferably in the range of about 300 to about 2000.
g?%\ll?‘? NS AyERUENIRS. BINELiRT RAPRSisRAL AlEARBlsnEsre are two

maibotypt@ afgalolst Blaipaty ubifsde mathtﬁ diﬁl?g@ﬁﬁﬁh@?@&@?ﬁ@'y??nely polyether
a ome ave been found to b

B B N R SRR Mo o e

m\eﬁgg;gnb@smmyée@mmplygb@mmﬂmIymareab,tfum:mmabhiwhgl having a polymeric

chﬁﬁ?%iﬂfp@Eﬁ@)’?@@%%@g@@cﬁgﬁfgm% Breg Lb?&%%él?%% other isocyanate

combinations of these catalysts carn be use to devel

regehyR cHIHRS WS r‘éaﬁiﬁ)r‘fé‘aﬁti@ﬂnﬁfoﬂ%ﬁfh%ﬁafﬁﬁ@éﬁ@ﬁi@rr%ﬁ{tmnane of the
fuikdaraantsl W@f@? MI¥dBiERIHGY li‘ﬁ!@?]%@%éx‘?ﬂfmﬁnﬁﬂﬁons polyether

alls develop,su nt strength to maintain their structure without
PO, &?}8 & 3t rﬂiﬁgg i%‘?[ @%E@@%F@% shufiERrdEewnharocessing and

foasaptiopedich eaouive’ aﬁla&mlydts may include tertiary amines; which are the
most commonly used amines and are mostly used in assisting the blowing
reaction. Different types and concentrations of amines can be selected to

The; ey dhat iy Refmelneddn ton B@Mri@aﬁnﬁﬁmear@saemﬂ@alyeqf polyalkylene
tnmmw@,nmufeulahm@gwﬁhﬁw@lwmm Fganaes eriemEr WS 100-600.

emost y, use ometallic in the conyen onal slabstock foam
HO B D e o ABCo Rt INAEP Y VRl NGRE Sieculim the scope
of nﬂmmmmﬂ Imgmmeadesmaqbplgusrwmng foigheis addiseast. gecular weights
I f atalyst tures of 25 catalysts
PR SRS BN LA ETRTRs o cuon
Th@malsm@lhalwg Ridiertet tbrmamqrm;yﬂegmpammauwmmmt not all of
th&PSyBPEUHEMYUSed in the process of the present invention need necessarily be
polyols with ethylene oxide content of around 75%. It is only a requirement for a
proportion of the polyol content. Typically, at least 20% of the polyol mixture should be

of the polyalkylene triol type. More typically, from about 50 to 100% of all the polyol
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stannous salts. Typical tertiary amines include, but are not limited to, the
following: N- methyl morpholine, Bis(2-dimethylaminoethyl)ether,

MWoYeiEnsthyg morpholine, tdethylene diamine, triethylamine apgr s y2006/000686
trimethylamine. Typical metallic salts include, for 30 example, the salts of

antimony, tin and iron, eg., dibutyltin diI;aurate, stannous octoate, WO

2006/125258PCT/AU2006/000686 9 and the like. Preferably, a mixture

comprised of a tertiary amine and a metallic salt is eén?snlo ed as a catalyst.
e

mixiHreiseantline o jRe Reavaliviens wldureinteat Gardenbyhat is not of the
poﬁﬁ!&ﬂ@h@t@i& ﬁﬂlﬁéﬂbﬁ\tby i gi@t%@@?glﬁi_ i@bﬁbtiéﬂﬂ?n@s@@%r%l%‘%ﬂwfacmre of
owever, tne po r ane 0ams O lnvention are prepared in .
polRRER e 2Rt A A i 16, G PO AL Ao AR R agor high
resﬁmmpa@dh@cmeammimzbﬁwww mgm -W?t:gty?icﬂa% used in the
out an rerer ween oyt v. .
P e S e ol e Ao T R o e on weioht
of gedysiite fietomriationahiovhwesnypipattard podyolwitinhesry detwiterd 000 —150 parts.
In FRORALAEE WiFP SPAL AR KOTIRRIESARY LR ARMIl 189e ! Do
retera er

in the range of 30 to 90 kg/m3 and most p ly'in ange of about
40 - 60 kg/m3. Furthermore, polyurethane foam from the present invention

Foarti Haneithis ﬁdﬂmmigamhyaﬁemﬂoamsaﬂbllﬂmfﬁ@Qémﬂwe@mmpwmmulaﬁon,
t.met T 1 m, i to Si

W e R by RN e Bl ROIRE SRR Rt R of water per

100padaef Bdyab|Eyricallys tattiamstaisob wate d2 Sarmnilation Graslyimbeire from 1ppw

to GBBEEHPLIRNR MeRHRnEa J8MPIE BRIIRRIMINA, ralesa Rt éfﬁagéré ?'Z’Bé'}%tween 2-5

apart for two cycles (one cycle being two passes between r
PPRy weight (diameter 150mm, thickness 50 mm) is applied to foam for 30
seconds. After 30 second period has elapsed, the weight is removed and

ter | elap: € we gl .
AT G TSI IR SRR o o
fluidesyeheas haelesaeignst ?@@qnmqe@lbowal iecutilisedriuthetpresent invention in an
amBiRfcarRRAt /RodiRe thededRE Yoy RHtReA88M1An auxiliary blowing agent

such as, but not limited to methylene chloride, methyl chloroform, acetone or carbon
dioxide may be used to fine tune physical properties of the foam. While water is called
the blowing agent, in fact it is carbon dioxide that acts as the blowing agent, as it is
generated in sifu by the reaction of isocyanate with water. When liquid halocarbons are
utilised, they evaporate to produce a gas as the foaming mixture heats up. Water is
generally employed in an amount in the range of about 1 to 25 parts per 100 parts by
weight (pphp) of the total polyol components. Generally, water is utilised in the range of
about 1 o about 15 parts water per 100 parts by weight of the di- and polyhydric
components, preferably in range of 2 to 10 pphp and more preferably in range of 3t0 5
parts water per 100 parts by weight of the polyol.

In the preparation of the polyurethane foams of the invention, minor amounts of one or
more surfactants may be utilised to further improve the cell structure of the polyurethane
foam.
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The cell count per inch is preferably at least 24 more preferably greater

than 42; and even more preferably greater than 50. This test is carried out

W agegmeiesgreater than 25(w) x 25(L) x 25(t) mm where theghigkaesss/ddosss

of the sample is cut perpendicular to the direction of the rise of the foam. 5

The amount of cells along a 25mm Ien(gth is counted using a thread

counting glass or other suitable optical instrument. The cell count is linear,
ate in three ffer nt areas and the avera&‘e Is calculated. The

Typé?@ﬁ %é#ﬁfégﬁrtfédtﬁm fofiisreEinmadssemps and the
sxlo&mpmxﬁﬂkywwmkwdim Ganbiay ap heiagdppnitedrtiriairfactants are

Jhe Exa ill araton of the foam according to an
eMRI i ren??gtbﬁ ltl‘%g &) 2 i

e |nvent|o amples Flexible

slab foams were prepared from the mgredlents (polylsocyanates polyols,

OtriMalupiaciaRs Aapilineratfied Ses ObkmmMIEl 3P Yol pqésétﬁdﬁavé%n These
aradol MP30- 4 %&allable from Shell Chemicals): Suspension of

emy pslidpiciepdried & ndliBRrtis oRffd puifaigd aliphatic
alcplotysthathonlyRic it weighls in ineTratigenanmmoUp B1eb Abdlit (Byedabieferably in

ol AR UGG A T RGN BATEL LB st o

ppﬁmm@’aﬂ%ﬁ@eﬁmyémanﬁd&oumwm.ene biol. High EO
content (approx 75%). OH No. 36. WO
006/125258PCT/A1J2006/0 0686 11 Diol a) Trade name "DPG

2
Of {6 FANE ARSI R 3 a(xaeuataﬁhtﬁumqﬁrpmeﬁ@g@&emaometamcs
havmb&&?fdanﬂ/mwahatm&a héﬁﬁﬂmrt&m@rdéﬂﬁtﬁﬂr’bﬁehﬁfé Todo Eatalysts are

DI', (av Che lcal (Australia Tolue .
us& ||soéya%a e. 80%3 ?ue fioc 'Sr%)gt’ea é{% éyg)l rea |on and  blowing
(lsqwaaa&m@mym@nbmmm) Trrai!bamamednét&ﬁc DiferedtTédrvsimations of
theé@vmysfé%ﬁ'sé’fﬁwtﬁf&é L YKo°

ropylene glycol and 33% Trle,t%tyleneg) amﬁ?g g%%r(? érb'gfé%o Fggc,@ons It is
impo hls balance is correct to ensure the gas is entrapped sufficiently in the gelling
polymer and the cell walls develop sufficient strength to maintain their structure without
collapse or shrinkage. Catatysts also ensure the completeness of the reaction or the
amines and are mostly used in assnstmg the blowing reaction. Dn‘ferent types and
concentrations of amines can be selected to satisfy processing requirements such as

cream time, rise time, gel times and cure.

The catalyst may also include stannous octoate, which is the most widely used
organometallic in the conventional slabstock foam industry. Generally any suitable
catalyst may be utilised in the present invention as long as the desired polyurethane
foam is produced. The catalyst employed may be any of the catalysts or mixtures of
catalysts known to be useful for producing polyurethane foams by the one-step method.
Such catalysts include for example, tertiary amines and metallic salis, particularly
stannous salts. Typical tertiary amines include, but are not limited to, the following: N-
methyl morpholine, Bis(2-dimethylaminoethyl)ether, N-hydroxyethyl morpholine,
triethylene diamine, triethylamine and trimethylamine. Typical metallic salts include, for
example, the salts of antimony, tin and iron, eg., dibutyltin dilaurate, stannous octoate,
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b) Trade name "KOSMOS 29" (available from TH. Golschmidt AG): Tin
catalyst, Tin(11)-isooctoate.  c) Trade name 'Tegoamin BDE" (available
{ooddh ssdglschmidt AG). Mixture of 70% PCT/AT2006/000686
15bis-(2-dimethylaminoethyl)ether and 30% dipropylene glycol. OH
number 251. d) Trade name "Metatin }gatalysator 712 (available from
Rohm and Haas Australia Pty Ltd). Preparation mixture of stannous
ompounds. Surfactant (Stabiliser) 20 a) Trade name "Tegostab B2370"
and s Uik FisieRlYes sukHG: 2raPHsrb AR (rdiaanamine and a metallic salt is
empPlolyedhessilexaiigstExpandable graphite Trade Name "Carbofoil PU200"
(available from Cleanline Products, India): Expandable graphite (particle
size 100-750pm). WO 20061125258PCT/AU2006/000686 12 Filler a)
They arieunings catalyst-ullised: inntheapresesiiovaptionumenidegnyamount that is
sui [ q b@,@a&sm das Tr wANblaz . :
m%%lgilltg;e from AlbrigrLt & W[%sg‘?l),. Chlg?i?]}gfe%%?]é}?p ét%%z%épé?' ﬂ'uéopolyurethane
anE'P?iﬁfthﬁ|8W>?ﬂ899|ﬁfﬁd%f&Pé{€ﬂ §) e dresaneeofipseain aesuntska reaction

catéiyst. Alhe datfyalisopaiantipiume ishheelesinay i hsRREMY AR ployed in an
esteﬁ. Fiﬁlele slab tgﬁﬁ}fl?%n@ Weéf]&gﬁafgd using the followeg;%%%
amOUR Sy &e ANEE 10" R QRN N TenaRiy n about 0.10
andabedtoh(pparéiimrweiyiol pendvenydidd pydupates of the TDIB0/20 type
were prepared. The formulations were based on 100 parts by weight of

total polyql, the necessary additives and total water. The amount of TDI
ATt DEPRHIIS o AL Ak A8 aSiag Relvskp e dparg vahisgve density

raWi_abbﬂﬁQG’ Iw abautr QUOII}EK%IfﬂﬁI:LQ;reﬂlémllol% ﬂ)@ﬁi&’éﬁ?@b‘rb@i\_@rﬁe in the range
sed.w alculatin amount o 2
o A e AL B 0 S g5k Frvrmon,

. polguetheinecigairOirbmdisexpresentdagsnticat alillvhterepthe Fotiowind abidithtsristics as

dethires @)3%5 i o O%\ér?r% Jghed to an accuracy of 1%. The

mixing spéed was 2 eneral Method of foam preparation
applicable to Example A, Example B, Example C and Example D An open
a) tRpoveaybiimé38cm x 38cm x 53cm high) was lined with paper to prevent

A sample of foam is cut to size 380(W) x 380(L) x 50(T) mm. The sample is crushed
and conditioned for 24 hours.

Samples are conditioned as per AS2282-1-1989. Crushing is generally done by passing
a sample between two rollers at least 15mm apart for two cycles (one cycle being two
passes between rollers).

A 5 kg weight (diameter 150mm, thickness 50 mm) is applied to foam for 30 seconds.
After 30 second period has elapsed, the weight is removed and recovery time is
recorded. Recovery time is the time in seconds at which no traces of applied weight are
observable and the foam has completely recovered.

Recovery of less than 1 second is considered to be unacceptable.

b) Cell count per inch
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sticking of the material to the walls. The polyol was weighed into a
2.21t-mixing container Graphite and flame retardants (if applicable) were

5 RhagPrgkgradually with 25 constant mixing with a spatula With, 98562 000686
agitation for about 5 minutes Water, silicone, amines were weighed in this

~ sequence into a mixing container and %rred with a spatula until it
appeared homogeneous (about 10 seconds). The temperature was
checked and WO 2006/125258PCT/AU2006/000686 13 checked and
The,grlsraye ban ol sipierahbls aldramtPh MRy airabi eseakpsi thas 42; and

everdifierbipiteraplyjrolaae thad stirred with an electric stirrer for 10
seconds. Whilst stirring, pre-weighed TDI 80/20 was added. A timing

device was started immediately after the TDI 80/20 was added to the

Thipdas Usversiirshoifseimasapin giealgnihas Afitwira WaE Inkeb(thmm where the
thickRe89p BPheALrRAINS éh?ﬂ&?@ﬁ&ﬁﬁiémst&lé)eﬁew%%%@ HiB%f the foam.

mixture to start to produce gas, losing clarity and become creamy was
recorded as the cream time. The time at which the expansion finished was
Thearooded ef cblisrslengne 28iem Iéngin usesainetéabnsing arthreac ddumting glass or

j 90C,f | h face. ..
ot S B BN e S S R SR R aiferent
aregsrand dhelaveradp|is ralesdaieg was prepared. Chemical Example At.; ,.

Example Poiyol (a) 10 10 Polyol (b) 45
The present invention will be further described in the following Examples, but the
present invention should not be construed as being limited thereto. The Examples

fllustrate the preparation of the foam according to an embodiment of the invention and
the testing of foam.

Examples

Flexible slab foams were prepared from the ingredients (polyisocyanates, polyols,
catalysts, foam stabilisers, efc.) set out below.

Polyol

a.) Trade name "Caradol MD30-45" (available from Shell Chemicals): Suspension of

styrene-acrylonitrile particles in a propylene oxide/ethylene oxide based polyether
polyol. OH no. 30

b.) Trade name "Voranol 2070" (available from Dow Chemical (Australia) Limited.
Polyether triol of molecular weight 800; OH no. 234.

c.) Trade name "Caradol SA36-02" (available from Shell Chemicals): Polyether polyol,
polyalkylene triol. High EO content (approx 75%). OH No. 36.

d.) Trade name "Daltocel TA160" (available from Orica): Polyether polyol, PO triol with
Molecular weight 1050, OH number 160.
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45 Poly& (c) 3 3 Polyol (d) 45 45 Water 3.0012.95 2.75/2.70
Surfactant/Stabiliser (a) 1.25 1.0 Catalyst (a) 0.065 0.065 Catalyst(b)

WO 2006/125258 PCT/AU2006/000686
11
Diol

a) Trade name "DPG" (available from Dow Chemical (Australia) Limited): Dipropylene
glycol. OH no.: 837.

Polyisocyanate

a.) Trade name "VORANATE T-80 TYPE 1 TDI" (available from Dow Chemical
(Australia) Limited): Toluene diisocyanate. 80% 2,3-toluene-diisocyanate , 20% 2,6-
toluene-diisocyanate).

Catalyst

a) Trade name 'DABCO 33lv CATALYST" (available from Air Products Pty. Lid.):

Tertiary amines, mixture of 77% Dipropylene glycol and 33% Triethylenediamine.
OH No. 561

b) Trade name "KOSMOS-28" (available from TH. Golschmidt AG): Tin catalyst, Tin-

(I)-isooctoate.

¢) Trade name "Tegoamin BDE" (available from TH Goldschmidt AG). Mixture of 70%
bis-(2-dimethylaminoethyl)ether and 30% dipropylene glycol. OH number 251.

d) Trade name *Metatin Katalysator 712" (available from Rohm and Haas Australia Pty
Lid). Preparation mixture of stannous compounds.

Surfactant (Stabiliser)

a) Trade name "Tegostab B2370" (available from TH. Goldscmidt AG): Silicone
surfactant, Polyethersiloxane.
Expandable graphite

Trade Name "Carbofoil PU200" (available from Cleanline Products, India): Expandable
graphite (particle size 100-750um).
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0.043 0.08 Catalyst (c) 0.117 0.117 Catalyst (d) 0.057 - Flame retardant
(@) 2.5 3.5 Flame retardant (b) 2.5 3.5 Diol (a) 0.117

WO 2006/125258 PCT/AU2006/000686
12

Filler

a) Trade name "Omyacarb 10" (available from Omya Australia Pty. Ltd.). Calcium
Carbonate.

Flame retardants

a) Trade Name: "Antiblaze 80" (available from Albright & Wilson). Chlorinated
phosphate ester (Tris(2-chloropropyl)phosphate).
b) Trade name Antiblaze V66 (available from Albright & Wilson). Proprietary hight
- molecular weight phosphate ester.

Flexible slabctock foams were prepared using the following methods. In these methods
batches of flexible polyurethane foams based on polyether polyols and on diisocyanates
of the TDI80/20 type were prepared. The formulations were based on 100 parts by
weight of total polyol, the necessary additives and total water. The amount of TDI used
in the formulations was calculated using the OH numbers (given by supplier) and TDI
requirement factor equal'to 0.00155 x OH No. The following formula was used when
calculating the amount of TDI required in pbw per 100 parts of polyol.

TDI = (index/100) x 0.00155 x (sum of polyol OH No's x p.b.w. + 6239 x total water pbw
+ sum of additives OH no's x pbw). '

All chemicals were vs}eighed to an accuracy of £1%. The mixing speed was 2575100
rpm.

General Method of foam preparation applicable to Example A, Example B,
Example C and Example D

An open top metal box, (38cm x 38cm x 53cm high) was lined with paper to prevent
sticking of the material to the walls. The polyol was weighed into a 2.2it-mixing
container. Graphite and flame retardants (if applicable) were then added gradually with
constant mixing with a spatula with gentle agitation for about 5 minutes Water, silicone,
amines were weighed in this sequence into a mixing container and stirred with a spatula
until it appeared homogeneous (about 10 seconds). The temperature was checked and



0.117 Expandablegraphite (a) 50.0 50.0 Filler (a) , 4.0 Polyisocyanate
(a) 45.055.49 PROPERTIES t

WO 2006/125258 PCT/AU2006/000686
13

checked and adested to 21+1°C. TDI 80/20 was weighed in a 1-litre jug. Tin catalyst
was added to the polyol blend and stirred with an electric stirrer for 10 seconds. Whilst
stirring, - pre-weighed TDI 80/20 was added. A timing device was started immediately
after the TDI 80/20 was added to the polyol/water/catalyst mixture. The resultant
5 mixture was mixed for 10 seconds and poured into the paper lined metal box. The time
for the mixture to start to produce gas, losing clarity and become creamy was recorded
as the cream time. The time at which the expansion finished was recorded as the rise
time. After 10 minutes the foam was removed from the box and placed in an oven at
90°C for 20 minutes to cure the surface. The foam was cut perpendicular to the
10 direction of rise through the centre and a sample for testing was prepared.

Chemical.....2.. . = Example A~ .~ Ex'gmple*
y I RN SR ' & _ “ A <
Polyol (a) 10 10
Polyol (b) 45 45
Polyol (c) 3 3
Polyol (d) 45 45
Water 3.00/2.95 2.75/2.70
Surfactant/Stabiliser (a) 1.25 1.0
Catalyst (a) 0.065 0.065
Catalyst(b) 0.043 0.08
Catalyst (c) 0.117 0.117
Catalyst (d) 0.057 -
Flame retardant (a) 2.5 3.5
Flame retardant (b) 25 3.5
Diol (a) 0.117 0.117
Expandable  graphite 50.0 50.0
(a)

Filler (a) J. Sl 4.0
Polyisocyanate (a) 45.0 55.49
PROPERTIES 3 EOMNE I
Dry foam density| 50 505 | 49.6
(kg/m®)
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Dryfoamdensity (14m3) 5050.549.6 WO
2006/125258PCT/A1J2006/000686 14 IF40 (N) 82 68 146 Cell count

wbSHsAMs25% 50 50 Recovery Time (sec) 9.7 9.7 11.9 PCT/AU2006/000686
14

[F40 (N) 82 68 146

Cell count (cells/in) 50 50 50
Recovery Time (sec) 9.7 9.7 11.9

Gas loss (pphp) 7.3 8.7
F.AR. 25.853/App.FiPart1 Pass Pass
(Vertical burn)

F.A.R. 25.853/App.F/Part1 Pass Pass
(Kerosene burner)

%wt graphite in final product 22.5 20.9

Laboratory work has shown that foam of acceptable physical properties is produced at
blend temperature 18-30°C. Splits are produced at elevated temperatures when the
blend temperature is above 40°C and the foam is softer by 17%. Therefore, the initial
blend temperature should be generally less than 40°C, preferably 19-25°C, most
preferably 20-23°C to maintain physical properties claimed for this grade.

Conditions are of essential importance for this grade. Temperature has the greatest
impact on cream time and end of rise. Foam can be made in the laboratory at 50°C.
However, this foam has splits and is softer than expected. Therefore, based on previous
knowledge and experience, it is not expected this grade can be made in a production
environment at temperatures above 40°C. From our experience, producing this grade at
a blend temperature of 20-23°C provides the best operating window. it will be expected
that elevated blend temperatures have negative impact on the LR foam reaction profile.

While the invention has been described in regard to a one shot polyurethane foam
system, the method of the invention could be used in a two shot polyursthane foam
system.

Since modifications within the spirit and scope of the invention may be readily affected
by persons skilled in the art, it is to be understood that the invention is not limited to the
particular embodiment described, by way of example, hereinabove.
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Gas loss (pphp) 7.3 6.7 FAR. 25.853/App.F/Partl (Vertical bum) Pass

Pass FAR. 25.853/App.F/Partl (Kerosene burner) Pass Pass %wt MCSLLP

graphite in final product 22.5 20.9 Laboratory work has shown that foam
of acceptable physical properties is produced at blend temperature
18-30C. Splits are produced at eIevated%@mperatures when the blend
temperature is above 40C and the fo%rg ﬁ'@@%fter by 17%. Therefore, the
initial 5 blend temperature should be y less than 40C, preferably

L 2o R I A0 AR NS

O
onditons are or essential Imp nce IS gral

;%mf?eerﬁééugél%&Pemsrma%.ﬁ%%agtf%&asrsmﬁmﬁw@rb%%@eso&siﬁ%ﬂsanﬁ;t the

am can ade In the laboratory at 50C. However, this foam has splits
aggég gefter than expected. Therefore, based on previous 10 knowledge
and experience, it is not expected this grade can be made in a production
environment at temperatures above 40C. From our experience, producing
this grade at a blend temperature of 20-23C provides the best operating
witidiay al poiiddeempectadt trat etevapadddéieldeappéeatorepdresre in an in-line
negative impact on the LR foam reaction profile.

blending process to form an admixture, the expandable graphite comprising one or

more exfoliating agents; and
forming a reaction mixture including;

the polyol and expandable graphite admixture, an organic polyisocyanate, a
blowing agent and a reaction catalyst; the reaction mixture being formed at a blend
temperature of less than 40 °C; wherein the resulting low resilience flexible
polyurethane foam has a recovery time as hereinbefore defined, of at least 1

second.

2. The process of claim 1, further including the step of reacting the reaction

mixture in a single step.

3. The process of claim 1, wherein the blend temperature is in the range of 15

to less than 40 °C.

4, The process of claim 3, wherein the blend temperature is in the range of 15

to less than 30 °C.
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While the invention has been described in regard to a one shot
polyurethane foam 15 system, the method of the invention could be used
in a two shot polyurethane foam system. Since modifications within the
spirit and scope of the invention may be readily affected by persons skilled
in the art, it is to be understood that the H¥ention is not limited to the
particular embodiment described, by way of example, hereinabove.
MCSUP 15 CLAIMS A process of preparing a low resilience

polyurethane foam, the low resilience polyurethane foam being a erxieH{l .
fam, thD DIt BRI HOSIEPR BT 2TRNG SRS R i s n the
and an ndahle graphite component\in an in-li j [ t

PR LR L B R O A B VeI MRtersaiR

e ﬂ?gﬂg ents; and 10forming a reaction mixture including; the polyol

and expandable graphite admixture, an organic polyisocyanate, a blowing

agent and a reaction catalyst; the reaction mixture being formed at a blend
temperature of less than 40 C; wherein the resulting low resilience flexible

1§polyumeibanedesivhasithrecaversiinieeamhrieinieigerdeiinedrapiite in the
least 1 second. 2.The process of claim 1, further including the step of
reasttighthexeactiomrtiistugags afsiogte 3qyar0bB wlighp pere30qfatsimy weight
1, wherein the blend temperature is in the range of 15 to less than 40 C.

4ofTihe potadgssyol clemnp 3 enterein the blend temperature is in the range

of 15 MCSLLF

7. The process of claim 1, wherein the blowing agent is water.

8. The process of claim 7, wherein the amount of water in the reaction mixture
is in the range of 2 to 10 parts by weight per 100 parts by weight of the total polyol

components.

9. The process of claim 7, wherein the amount of water in the reaction mixture
is in the range of 3 to 5 parts by weight per 100 parts by weight of the total polyol

components.

10.  The process of claim 1 wherein the expandable graphite is the sole flame

retardant of the reaction mixture.

11.  The process of claim 1, further including a liquid flame retardant selected
from a group consisting of phosphorus-containing flame retardants, boron

compounds or halogen-containing flame retardants.

MCSLLP
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16 5,The process of claim 1, wherein the amount of expandable graphite

is in the range of 10 to 90 parts by weight per 100 parts by weight of the MCSLLP

total polyol components. 5 6.The process of claim 5, wherein the amount

of expandable graphite in the reaction mixture is in the range of 10 to 90

parts by weight per 100 parts by weight df the total polyol components.

107The process of claim 1, wherein the blowing agent is water. 8. The
process of claim 7, wherein the amount of water in the reaction mixture is

in, the range of 2 to 10.parts hy weight ner 100 part weight of the total . .
Wl ot Siass theg b MG R R BalE R e o
W[%eFa{H he Feaction Fuxte is in the range of 3 to 5 parts by weight per

100 parts by weight of the total polyol components. 2010.The process of

claim 1 wherein the expandable graphite is the sole flame retardant of the
reaction mixture. 11.The process of claim 1, further including a liquid

flagie retars pnd ssde@eelaimMomIr smUp & eesdsidnchdkture further includes a
phosphorus-containing flame retardants, boron 25compounds or
heilgeie-carfastang iflamenedardaniso SEHisLEy WeilhiTle popast®by weight of
claim 1, wherein the expandable graphite particle size is in the range of
Othetdodal Batywl. &iBpbhedrocess of claim 1, wherein the reaction mixture
further includes a silicone surfactant in an amount up to 6 parts by weight

per 100 parts by weight of the total polyol components. 14. A low

resilience, flame retardant flexible polyurethane foam having a _
14.  Alow resilience, flame retardant flexible polyurethane foam having a

recovery time as hereinbefore defined, of at least 1 second, the foam being formed

by the process comprising the steps of

mixing an expandable graphite component with a polyol component in an in-line
blending process to form an admixture, the expandable graphite comprising one or

more exfoliating agents; and

forming a reaction mixture including;

the polyol and expandable graphite admixture, an organic polyisocyanate, water
and a reaction catalyst; the reaction mixture being formed at a blend temperature of

less than 40 °C; and greater than 15 °C.

15. A polyurethane foam of claim 14, wherein the foam includes at least 15 %

by weight of expandable graphite.
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10recovery time as hereinbefore defined, of at least 1 second, the foam

being formed by the process comprising the steps of mixing an MCSLLP

expandable graphite component with a polyol component in an in-line
blending process to form an admixture, the expandable graphite
comprising one or 15more exfoliating ag@fﬁts; and forming a reaction

mixture including; the polyol and expandaple graphite admixture, a

ot8anic PAGIELEAARE' Qfé)rpgﬂﬂﬁ?é"’r@' ﬁ%%?é%a‘%gmﬁb&%ge&ig least 20 %
mixtugeI ?} i(r)‘p forrrr1‘ed e}t a IbleRIqetemperature of less than 40 C; and

g%a SRR T3 dfg) %\%gﬁ/urethane foam of claim 14, wherein the foam

includes at least 15% by weight of expandable graphite. MCSLLP 18
16.A polyurethane foam of claim 14, wherein the foam includes at least

2076 by weight dieapansiabletaiiits It roN e heR s fRasuaheldellar weight
14, wherein the polyol has a molecular weight 5 from 200 to 5000. 18.A

pRbMretatestigon of claim 14, wherein the polyol has a molecular weight
from 500 to 3000. 1019.A polyurethane foam of claim 14, wherein the
functionality of the polyol is up to 7. 20.A polyurethane foam of claim 19,
wherein the functionality of the polyol is 2
18. A polyurethane foam of claim 14, wherein the polyol has a molecular weight

from 500 to 3000.

19. A polyurethane foam of claim 14, wherein the functionality of the polyol is up

to 7.

20. A polyurethane foam of claim 19, wherein the functionality of the polyol is 2

to 3.

21. A polyurethane foam of claim 13, wherein the functionality of the isocyanate

is at least 2.

22.  Alow resilience, flame retardant flexible polyurethane foam, the foam being
prepared from a reaction mixture including a polyol and expandable graphite
admixture component mixed by an in-line blending process and formed at a blend

temperature of less than 40 °C;

comprising at least 15 wt% expandable graphite, the expandable graphite

comprising one or more exfoliating agents; and
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to 3. 15 21A polyurethane foam of claim 13, wherein the functionality of
the isocyanate is at least 2. 22.A low resilience, flame retardant flexible

polyurethane foam, the foam being 20prepared from a reaction mixture MCSLLP

including a polyol and expandable graphite admixture component mixed
by an in-line blending process and formé@at a blend temperature of less
than 40 C; comprising at least 15 wt% expandable graphite, the
expandable graphite 25comprising one or more exfoliating agents and M

CS RP 19 having a.recove tlm hereinb; for escri (?
BN 0P R ASE NS LA SRS 1R ASSEO Pt SRR IEAM LG one
PLeRaN from a reaction mlxture formed at a blend temperature in the
rangeé of 15 to less than 40C. 24.The process of claim 22, the foam being

prepared from a reaction mixture formed at a blend temperature in the
range of 15 to less than 30C. 10 25. The polyurethane foam of claim 22,

whereinthe fpare d3chidenatieasicfd nDRRGIREIEARRIIR-a 28adtht mixture

polyurethane foam of claim 22, wherein the foam includes a reaction
1hpresyet af herer ganisapalyisaayaaat eaden sttcacian Naulyst,

expandable graphite and a polyol component. 27. The polyurethane foam
of claim 22, the foam having a recovery time of at least 5 seconds.
24.  The process of claim 22, the foam being prepared from a reaction mixture

formed at a blend temperature in the range of 15 to less than 30 °C.

25.  The polyurethane foam of claim 22, wherein the foam includes at least 20 %

expandable graphite.

26.  The polyurethane foam of claim 22, wherein the foam includes a reaction
product of an organic polyisocyanate, water, a reaction catalyst, expandable

graphite and a polyol component.

27.  The polyurethane foam of claim 22, the foam having a recovery time of at

least 5 seconds.

28.  The polyurethane foam of claim 22, the foam having a cell count of at least

24 cells/inch.

29.  The polyurethane foam of claim 22, the foam having a cell count of at least

42 cells/inch.
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20 28. The polyurethane foam of claim 22, the foam having a cell count of

at least 24 cells/inch. 29. The polyurethane foam of claim 22, the foam

having a cell count of at least 2542 cells/inch. MCSLLP 20 30.The MCSLLP
polyurethane foam of claim 22, the foam having a density range 20-100

kg/m. 531.The polyurethane foam of cla#R 29 he foam having a density

range 40-60 kg/m3. 32. The polyurethane foam of claim 22, the foam

having a IF40 Hardness range of 20-300 N. 33. The polyurethane foam of

claim 22, wherein the foam is flame retardant. _34. The polyurethane foam
oflaim B VYRR 196 §|?éWc%20aﬂ s@ﬁﬁﬁrﬁ‘i&/g 38lepgily range 20-100
pgﬁ;ur@thane foam of claim 22 wherein the foam has at least one

chi83cteristic selected from the group consisting of: a recovery time of at

least 5 seconds; a cell count of at least 24 cells/inch; a density in the

range of 20-100 kg/m3; a IF40 Hardness in the range of 20-300 N, and a

regjlienceaf lesr faatake 5% of claim 29, the foam having a density range 40-60

kg/m®.

32.  The polyurethane foam of claim 22, the foam having a IF40 Hardness range

of 20-300 N.
33.  The polyurethane foam of claim 22, wherein the foam is flame retardant.

34.  The polyurethane foam of claim 22, the foam having a resilience of less than

15 %.

35.  The polyurethane foam of claim 22 wherein the foam has at least one
characteristic selected from the group consisting of: a recovery time of at least 5
seconds; a cell count of at least 24 cells/inch; a density in the range of 20-100
kg/m®; a IF40 Hardness in the range of 20-300 N, and a resilience of less than 15

%.



