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Low resilience flane retardant pol yurethane foam Field
of the invention Technical field This invention

w0 edoatizesg 0 a net hod of production of flexibl ePgr/apkiose006386
filled low resilience pol yurethane foans and to novel
products obtai ned thereby. Background of the invention
The physi cal and nechani cal groperties of pol yur et hane
foanms nake them useful for a wi de variety of

appl i cebwe resiliencedflagme reeardant polyureddan@ foam
However, the inherent flammability of “pol yurethane

materials |leads to nelting and the spread of burning
debris when exposed to fire conditions. Additionally
t he i nherent propert iFdeldoof thelipventianne materi al s

| eads t tained combusty i
smoul deri ng even af tor TReMTRaREERave been

This g RnPdE rSRES o %ﬁ&ﬁéﬂ%&rg&%ﬁﬁf@?ﬂcﬁg@@te filled low resilience

polyuréthBRB Bbamb RAd tbHdvePhiodiubR AithiRled thefepyse the

insulating effect of their cellular nature allows a
rapid build-up of heat at the surface. Consequently
cellular polyneric materials have a higher rate of
pyrol ysi s than solBackareupdgfthejinventien t o make
pol yur et hane foam behave nore like a rigid materi al
The pitysicabapdsvachanicalprepediegafttolyyrathangfoants makelihers, useful for a

wide e BEUEBRLA GRS i R 818 pSREIUED DAL e mneren
flamrhalsilityof patidirethaneahatdnialsoleagditd endifirkand itite BPteadeyt.oubning debris
eneral nethod of introducing graphite into foamh

g d of | ( h am has
whemexposads i e gonditions pAdditionals e dwerant prratties of polyurethane

I i ) r
it @348, g ) oMLY B SR By Blof ater e
flamefsi hdvedbgrni gxtingiisheel. f oam i n conbi nation with nel am ne
and casein, respectively. The current invention
expands upon the work presented in the above patents

Furtheymprepdoeliular gnatehialse manufactured from flammable polymers are more
flammable than the solid materials because the insulating effect of their cellular nature
allows a rapid build-up of heat at the surface. Consequently cellular polymeric materials
have a higher rate of pyrolysis than solid materials. In order to make polyurethane foam
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 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
filled low resilience polyurethane foam with long recovery times, good hand feel, long
serviceability, and good flame retardant properties.



10

15

20

25

filled low resilience pol yurethane foamw th | ong

recovery times, good hand feel, |long serviceability,
waeaegzaes f | ame retardant properties. Recently BCTIaB2h06/000686

was created for graphite filled Iowresilience flane

retardant pol yurethane foam y th specific physical

properties such as slow rate recovery, high degree

of flame retardancy and good IeveI of support. This

Recehtipmawpekd Wagvicieated C feragpsbiiRnetl lowt hgiliesee #ame retardant
wel | as provjide certain health benefits such as

polyusetbasg feapowith Spéeu&nhdﬁlcahpmp@ﬁh%gweaéfslqw &ate of recovery, high
degré@tcﬂrﬁ' gy ré’@%ﬂa‘ﬁcg’spﬁl & NIo@ Ufs%fug})oﬁsﬁqﬁé %Ia% ' rl{uld provide

alrcraft seating 1 ons where difsconfort
increaseed ravomforte p e alser é@rwélbra;eprcﬁ\hd@Meﬂaaniaﬂbnbenems such as

pressit Nt Encdiction! A, okt BRG(eL 5 e "SlerdRHeyT WOHRh K this foam
usefu WkpReIdIPNn él?&hﬁté‘éa‘%mﬁr é;%llcé'hbné %ﬁ@rep@i‘skoﬂfor{ '”@ not uncommon,

comon general know edge 1 n Australia or any oth
espefially fafilengenflightst hat this prior art could reasonably
be expected to be ascertained, understood and regarded
as relevant by a person skilled in the art. Sunmary of
Referemeei tovamy pdar areint @enspepifpmﬁdatismcgr aptiishetld sot be taken as, an
nor e

T T T T L L T, —
genevdl! kndvdledge ah Austhdla of Nafy 6EH§rej%rlsa'|Bﬁoﬁ QRFH this prior art could
reaction m xture usually contalns% hite i'n an
g

reasqiablihbe Kixpectashto bﬁ@s(@evtalnedb@nder endoggpidegengiélevant by a
| east 15% by wei ght and advant ageousl
persdg{ Qflﬁaécf‘tﬂ tﬁg%% . o by ght al tag y

eas y wei ght of graphite in the final foam
The anmount of graphite in the final foam my vary
according to the level of flane retardancy required
but usually the andummErygfabkeiineentioh not exceed 90%
(preferably 15-50% by weight) in the final product.

The fEnm ‘Eaxpandabré graphite’t B interideel fd oaverf graphitexonesiaidg ome or more
of polyol  is anywhere betwe

exfoliggng ageats 55?diﬁﬂa&?\é}ﬁ%‘@sﬁaﬁrﬁwahowraawgb%rptﬁmperatures
The foaming reaction mixture usually contains graphite in an amount such that there will
be at least 10% by weight, preferably at least 15% by weight and advantageously at
least 25% by weight of graphite in the final foam. The amount of graphite in the final
foam may vary according to the level of flame retardancy required but usually the
amount of graphite will not exceed 90% (preferably 15-50% by weight) in the final
product. The amount of graphite in the final foam, 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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In one aspect, the invention provides a process of

preparing a | ow resilience polyurethane foamthe steps
w@Reoe232s81g expandabl e graphite into a pol yol PCT/AU2006/000686

conponent, and reacting in a single step a reaction

m xture conpri si ngan organi c,pol yi socyanate, water, a

reaction catal yst and the gr%phi te contai ni ng pol yol

conmponent, the reaction mxture initially being at a

t enpErganicrpolyitodyesatd, hedted O feadtibarcatalystnandithe Qmmhﬁé containing
I ncl udi n%[tgraphl te, to.a low resilience foam m xtur

polyo] ieom allte feagtionemidure, Nitially peing| atvar tesnperatiie %6 less than

4o0°cproperties and beconme resilient. Therefore, to ensure
the low resilience properties are maintained,
environnental condi ti ons and nechani cal factors need

Wher tni% esbwddie lﬁ@?&mQ ?rfa%bﬂgl 'Eeﬁmdregiflie?%ee foam mixture, the

i ncor ora | ng gr aphi oam1s via
resulilalnhefoaherténdg for doss Sits IIoergmh@ioencﬂirm]@mes)cam became resilient.

rocess for nous bl ending of dry
TherdfiiE 1 T0, rSurk B, JRIY crestlgnte o aBeHISs 178 T RiAnRguenvironmental
condiiBfs Wﬁe@haﬁ@hﬁbo@dr@% o flml?é%tocmg' ﬁ'@%k {';Bgeiie?éﬁ'fé-method of
This system accurately neters ry po Ives
incorperating graghiteninteetherfoaruisrwia theelh Isne Blending podeasis,
where it is honbgeni sed, de-aerated, chilled and then
t he powder/ pol yol slurry is accur at el y netered to the
In LirfeoBientngdprasess it d procassonbomogeneasrbleniding of driyepowder additives

into Iibﬁf%oc ! ati rbshgq A %pét fp% r&%ogﬁg cg\?érﬁ%%%ltgg or batch blending

tanksprrefgrs@bdeyn Ja%ca@@y?ﬁ@te% igovd&Yaddifidd §6cH B8 ®Ble#tnine into a
lane retardant in the reaction m xture. Mire

metegashfsaag, ohpakokrwheyeaibtis hempganisns, ss-aetsded.echilsd and then the
powdBiPBlye) ST 19 b iielyhalied T HEBhin HEAR AC BrighB domponent

streamet ardants boron conpounds or hal ogen-cont ai ni ng
flame retardants.

The initial temperature is preferably in the range of 15°C to less than 40°C,more
preferably 15-30°C and even more preferably 19-25°C.

The graphite may comprise the sole flame retardant in the reaction mixture. More
commonly, however, graphite will be accompanied by other, usually liquid flame
retardants from the family of, but not limited to, phosphorus-containing flame retardants,

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 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 mixing 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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It is preferable that the carbon particle size is in

the range of 0.1-0.75 mmand the addition rates
weeweitzkesa f oam conprising at | east 25% by wei BEIT/ATGR006/000686

expandabl e graphite. In another aspect of the

invention, there is provided,a lowresilience, flane

retardant flexible polyuret h%me foam fornmed by the

process of m xing graphite into a pol yol conponent and

The dogiitionshdetied i probacs fleribrs p@lybi&lﬁﬁhé e vl blé@ according to the
greater than 15C and | ess than 400C, a reactio

reactaptsy %ﬁl@d@enﬁr P§TSﬁ>@ @i oEsHigRINi TKilhé &h%m%bkaowmh@wer do include
addltl(/éé‘%hHCWh dﬁ*[bqjkﬁ Bg |Hé%g§f%t§d %’[B AL R%%j%atalyst or an
e con exi e

onent I ONs nee 0 pro uce
auxnllpm plovend sargerith aamdviwhatveragtios cu:trmﬂm'cg'lst ard lrequiesd:.t &hé smolecular

weigfis i (e PREITS PP SaBoRUan HoHdSe Ry FrsitensiapiaRiie filed foam
manufditie! €. 1AEARPROA b0 1 %ddme bifdtebly €Rth R Y5600, with a

or an auxil rary omnng agent and reaction
functigoality t(humbesiof acbmj hyér@xyrr@r@unelmm@ecubi) guptt@ bfprefezably 2 to 5

fI ble |
and ff0aNiRERGRH 0 Tallietiantly o Roridets B ubERl AFRE8 200
to 5000, preferably from 500 to 3000, with a
Usuaﬂgﬁﬂgt onal :gtﬁggrgbeﬂm i, i'@?fgg,e%%b Y@egﬁgé%ﬁ%bagg We Sre(ﬁ)tﬁgements of the
test a@cae%ehag@wsm 25. 893 3\ppEHEl§<tF C(B?(H)(hy phos socyanate is
usual ly at |east 2. Usual t'he’ f oans described in the

present invention VVI [ pass the requirenents of the

AIthoh?ﬁ&h@%oﬁ'@%ﬂrdfb&ﬂ reSiliEne? fans Bwal FP(%BWnXmFthe(fié)d f polyurethanes,

Al t hough the concept of low resilience
test m@f@@dsg‘om@valuahmecwetrhélmQSehavebmop@eyorfefmahm In dbe scope of

e ofBRERE i or 8, B0 AR R PR e By tmes of

low rediliEmcermsvnetianecfohniyet hod for eval uating recovery
times of lowresilience pol yurethane foans. In a
further aspect of the invention, there is provided a

In a fipeherdgideasrthiaaventivy, deirags Paiwd@aétpowrém%w@rf@m ih€luding:

and having a recovery tinme of at |east ‘one second
at least 15 wt% graphite; and

having a recovery time of at least one second.

In the preferred form of this aspect, the foam comprises a reaction product of an organic
poly isocyanate, water, a reaction catalysts, graphite and a polyol component wherein

the reaction product comprises at least 20 wt % graphite.

The invention may further provide a graphite filled polyurethane foam having at least

one of the following characteristics:

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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In the preferred formof this aspect, the foam
conprises a reaction product of an organic poly

WO swepanst e, water, a reaction catal ysts, graphtT/au2006/000686
a pol yol conmponent wherein the reaction product
conprises at |east 20 w %%aphite. The invention may
further provide a graphite f1lled pol yurethane foam
having at |east one of the foll owi ng characteristics:

dan rHARRS, 0 19gmunt of
- bty e bR g T ) D S

f) Resdignoeyoflesgyhandlotsdas l@grﬁ@Z(Zag 1|de(r19ﬁg)3282 3 (1999))

i s U 00 01500 s o500 P

F- (a)(1l)(ii) - 1995) f) Resilience of |less than 15%

The t‘s@‘& ﬂﬁre)é%%ﬁ% %oam(qn]tﬁg 24#0%&%{%&%{5%@%36 %ré %re@cﬂﬁe& rfa?ter in the

'nvent i on
spemﬁ@ﬁkmcterlstlcs The tests for exam ning each of the
above characteristics are described later in the
specification. Detailed description of the enbodi nents

The gener al n.cal nen a, one- shot

pol yuret haneﬂgé 8%& ?fz'i %mE’PBHHSP% socyanat e

and funct i onal aI cohol , al ong with the catalysts

The a%@%@gag npigalc GRMRINENR: of a2 e0RPENPY ROlWirethane: ffeamapystem are

o A S T i v
to coptrbyttheatrawnandstype of xeadtwnpehgfmthet|anidativeisshncycantlolethe surface
nct onal cohol s,  cat st.s | aw n a ent
chemBiet B pBrees Tt oabra sl airein A Bhfethane is to
mix tHéHSoIS/ﬁﬁh%hbﬁ&I iSdcyahaty PoRffendidnal YRbRbIsaEARIyASs, dlowing agents and
bl owi ng ent and the heat fromthe reacti on causes

othereaﬁkbf@te&tu ber dipxidei genaspieg iy Ségdmt thee seactiongof nsopmenate with

wate 488400,k e 05 FE R0 563508 Pt oveporatin o

volatxrél-lsloh/&’fggaglerﬁtneﬁultlhg imtke crdationosfiob e 1h eaone-Ehet process all of the
reactigns begin_imedi ately and proceed at such ate
polyufeihane fopfRdngiedients are mixed and then discharged from the mixer to form
the foam. The reactions begin immediately and proceed at such a rate that expansion
starts quickly, usually in less than 10 seconds. The expansion generally takes a few

minutes. Curing may continue for several days.

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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starts quickly, usually in I ess than 10 seconds. The

expansi on generally takes a few m nutes. Curing may
w@oembilezes f or several days. The present i nventPONAUS006/000686

al so applicable to the prepolynmer (two-shot) process.

In the prepolynmer (two-shot)_,process, the isocyanate,

t he pol yol and the crossllnkﬁng agent are reacted and

i solated as internedi ates. The prepolyners are

polypaehyleqaedﬁéqcyaﬁaté; egitiitel eeragtlidndoniaé Ie@IPPe drefélfed organic
nponent s yield the finjished groduct Most

Poly'mﬁﬁﬁﬂey isg H@ltﬁn@pa"%%&anuage (EREBU2Q) t Fhanaimgunt oof polyisocyanate
empl%ﬁ/ﬁdk’rﬁg{né ﬁ&erﬁwhb@m R R;ﬁ]ﬁbhﬁf‘@hnéqﬁ@%%ﬁ%ﬁsﬂ% Besired low

ut|I|s rocess
resiliénceegtaphiteviilleld polglicbthdree desnr adar@lrauyhlthe afmblluﬁdotf balyisocyanate

emplyash it Beopfese st of IRt shauid Be cuiciant oupuiie.al least about
0.5 N@@h e@%nﬁa‘%t%e?%y@l}&wrﬁoﬁ EF%;Ie@@ iR° tHE )?EHEl‘?orPfsy"s{é?n (that is,

| SONEer s I socyanate, propylene
ISOCyanateonganf&O)nmmw emfdudﬁSaﬂ theepyiyoli am;jamatnecludlng water. It is
anat e,, hexanet h

prefegqb:f% géféﬁ@bgesrq%é%?lﬁi ||38ﬁ)éar? S oaqrpglggy%q] échanaEa index not greater

than abbyel by priferR®Iy ph ey rgmse dF iaBoOY 0045 aboxt Y08S In broad terms,
t hereof and the like. The preferred organic

umbes| ofi Rasts, ah dgasyagateoinyeasstion  aasc yanabetween 28dp aout 150. In the
prefeﬁ@@ f@l‘mlﬂ?tthé’fm\%‘?llh}ﬁhSgﬁ%ﬁﬂ%fls‘éﬁg&ﬁtgqﬁ Iy |ts|1f%t@5§ﬁ HOL70 parts per

lron is nmount” “sul esired
weghhmhpo@mlﬂnm@ce graphlte filled polyurethane f oam
General ly, the anount of polyisocyanate enpl oyed in
the process of this invention should be sufficient to

The fermvipdiyotitis | rasbbedatbd ndmeiGor ealy-funlctiohalpgicohylsr Tkgte are two
i S

. grou ent in the reaction system (that
mamﬂm%%)gﬁgp oisthat Fe wilpedinithe Relwrgthaneaindustng, pamely polyether
I I
polyo[se Pgll%el eé adggt lg@ fher {)/olgélsg%reé: ?E?Hrﬁ%%lgr F‘rﬂ@é@é(nce to the
invenhon @r@yethet palyohbbemlcaﬂﬁ is @ pélgfmmhpnalnalbhlaaolrlmxmg af polymeric

. t 50 ut 100.. I n broad terng, nunber qf .
chain i ettt @GDsGE ka0, Palthl s Grouiie Ly oliRthaed oter fsocyanate
reacti@#BOgitoup80 It i tlﬁé‘ereaéﬁér?rdfeﬁolfl&r wtAf |sbB ﬁaﬁéel'h‘ia't 4Brms one of the

amount of isocyanate used bet ween 0 parts per
fundaggeniat regictipas yarllingpn)foam maklng In erX|bIe foam formulations polyether
polyols are used, and based on the starting polyol structure, different processing and

foam properties can be achieved.

The polyols that may be employed in the present invention are generally of polyalkylene
triol type, molecular weight ranging 300-3500, hydroxyl number ranging 100-600.
However, polyols having higher and lower hydroxyl values higher are within the scope
of the present invention, 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 noted that not all of
the polyol content used 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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The term ' polyol' is an abbreviated nane for
pol y-functional alcohols. There are two nmain types of
w@iogotesg hat are utilised in the pol yuret hanePCT/AU2006/000686
i ndustry, nanely pol yether polyols and pol yester
pol yol s. Pol yet her polyols ape of particular
i nportance to the invention.” A pol yether polyol
chemcally is a polyfunctional alcohol having a
mixtupelupee it behef thenpolhalkyleae ti6r Ppe) Thiendaigs conRaitytaht issnot of the

Polyagwfﬁ?%; ?r?ql ?‘{’P‘g %%F?gt)’(g !é‘agtn g@%lgﬁgb I&ﬁs %¥g£§§ lpe;se{d: %g;;igégpgnufactu re of
polyuitr%’{ﬁ né I65%, Bg rﬁ%%ﬁri}ffucﬁéj E?@v’%ﬂfeﬂ'a* E?%f, ;ct%Pgh/égeﬁ" Bd)and/or high

oam naki ng. exi oam
resiligruley polyel opal garnbination usfeublyals drbame dttwmr pdigolstypicallyhaised in the

B8 o eV te B 5B BHSER R SRR o on oo

of poRBPInthedotriulalien PEFBRE of pXies bf PBlyar@argﬁmft?étbv)éeﬁﬁ 00 —150 parts.
pol yal kyl ene triol type, nolecul ar wei ght "rangi ng

In thezpigf foray ek bryinveniiene numbegof garts & BetieeAcl e 20.

pol yol s havi ng hi gher and | ower hydroxyl val ues hi gher

are within the scope of the present invention, as are
Foanpdeysitysis ieiemyned didhe ampundwé blowing @gkats presght is the formulation,

. Jval.ues, . T ol ypl.s. na e, tapdom .bl.ock or graft
whictf B atel By Rt BRAEinRK, BBLi B Shufai®i{aiipRl §f harts of water per
100 geasfaldiyol MRysically, kieRamouRt 6Ewhd 9 form At HoR- aryiwhiese from 1ppw
to be noted that not all of the polyol content used in

to abppt8ppwc b theyprafared fawe of thenniention, ameynh et weader is| ketween 2-5
be polyols with ethyl ene oxi de content of around 75%

ppw. . . .
It is only a requirenment for a proportion of the

pol yol content. Typically, at |east 20% of the pol yol

e (st S5 B Sl RGeS 5 e o vt

om a

fluidsprichadsthalboabons eWaied gerlerallf willhise piliseal ikthe peedant (vention in an
e

type.. The polyol content that is not of th . )
am%%ﬁyﬁmntégé)rz&mﬁ t ISP eurgRANSLopaN. amavxifiary blowing agent
such 8Pkt HoY SR f@h&@ﬁeﬁ@%ﬁcﬂﬂeurrﬁ?mgl Pﬂllo?'dfbﬁ%hﬁpgtone or carbon
foam that may I nclude conventional polyol, copolyner
dioxiqen mayl bandédrto HingHune sihlysieat prapeiryjed obtheafoaombiVhik: mater is called

f .pol yols or_any othe ol.yal, typji cal | sed . in the -
the oS At Pty 8 e e 5.4 55 Bilnd Bt as it i
genefREAH 8lti; BY thé rEaGRM SMisv8jaiate WithPRAKEP! WihentIfy@id halocarbons are
_formulation. Nunber of parts of polyol can vary
utiliseskttiey revaporate30 paduee 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 to 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 3 to 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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In the preferred formof the invention, nunber of
parts is between 100 - 120. Foamdensity is determ ned
whgoobhes2ssrount of bl owi ng agents present in thBCT/AU2006/000686
formul ati on, which is indicated by the bl ow i ndex,
that is the equival ent nunb of parts of water per
100 parts of polyol. Typicalfy, the anpbunt of water in
formulation is anywhere from 1ppw to about 8ppw. In
Typicthef m@‘eealfeethe‘ siticoed stifactantsrdd. Othe sillBoMd ofls anmit @d&aps and the
IS betwe 5 ppw. The nost conmon types of bl ow
siloxaggemtyalisy n%P@lCRaFrF@OI’%% Q@%Myeupdp %pap.cpfethfe|sur@§tants are

emplGYd! pRsteRaiPBERRRIPab RIS aABREIOR: D)6 Yhip. Pe ul! 1] sed

e present 1 nvention’in an anount ficient to
produce the desired pol yurethane foam an auxiliary

Othelblsﬁ\éf'rapgg?éggﬂ%%sk?’é:hﬂfﬁed byd é]ﬂblskf{e%tlﬁdtﬁ adifgéél%' ﬁﬂlgngon. These

orof orm acetone or c on d

emulsMsbmclumledeﬂmxfllatmi talkytpheimpds, callphptiopsicdhals a0fd sbifated aliphatic
ter, cal led th i

Wi e bl owi ng age n fact .
alconpfS: mithogiolHIAT WHiohS e R008 ofsPliai 631 i ﬁgutawﬁ preferably in
the retye &f AtSoldSItRY ﬁ} g8 ut20Y 0k ‘Gé}?éré[}? il ﬁ%lc rig8 &f about 0.5 to about 50

I socyanate wth water. rbons are
pphp wpreferably, betwegn ebapbi @ badtatbopit Bﬂulxpdapa gas as the
foam ng m xture heats up. Water is generally enpl oyed
in an anount in the range of about 1 to 25 parts per
Of the moamadifferdnyt typeglof catalysiy avhilable, tevtialy goinesl and organometallics

vave SRBRIGRS T LS bt i AL S by Bt are

used Wetbghhst t h6thdi thean@enmbyhﬁ%dy%\nﬁfémél%m $eaction) and blowing
preferably in range o pphp and nore

(isocyanate/watary reactlpahg@a@mor&‘ 1er fgarpﬂapf@:iu&érper mﬁeremocombmatlons of

s AR oL 8oL el BBV 6 Betons. 1 1

|mpor®éntc1hs lamey i& cuidched anéwrelthy gae |slbhtra[§pdd safficientipen the gelling
nprove the cell structure of the gg yur et hane
polymewaﬁmdﬁm call walls deajap sufficient siiengibiemaintaicthghtsiructure without

collap%% or Shfinkddd. lccgéy}?g/gg %‘sggugnﬁﬂé‘ﬂﬁeaéb‘flnﬁlg%gess ?f the rgactlon or the

| oxane-o copolyners ner a
‘cure 4 Gathlystsf nde ircludederisng ainmeen'p\lrmqiedarepﬂmf moasbl gommonly used
i b 2 hp. . .
am|nebseta\p1%egrea?r(l)g§tlylugec? r}r? aass?s |Ing the rE)PO\'&]mg reaction. Different 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 salts, 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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O her surfactants nmay be utilised as enulsifiers in
the present invention. These enulsifiers include
weedongd2st ed al kyl phenol s, aliphatic al cohol s BETAU2006/000686

sul fated aliphatic al cohols, with nolecular weights in

the range of about 60 to abogt 3000, preferably in the

range of about 300 to about 2000. Generally in the

range of about 0.5 to about 50 pphp, preferably
and thetlikee Prefeealily, 18 rirtlra ompr@dpeha tetiary bein@myd a metallic salt is

different types of catal ysts available, tertiary
emp'%%@%amlbﬁganomt allics have been found to be the

nost useful in the production of flexible foam

Catal ysts are used to assist both the gelling i
The @mgaeéama@lm yidised elncthieoRyessntl imyesiioRgmay be any amount that is

Y | vt . ‘i : |
sutaljeSSHORNE IRUES APl KEALL bORl h3ATLer, i polyrethans
foams aif the immtﬂiohcardqorebawdainblaﬂeﬁmeengé wéancdrtein tantount of a reaction
r tions., It is inportant this balance is _correct to )
Catah@ﬁf_ﬂ%ce 26 CRENSt iR AS her PRI e, i Hﬁ@&employed in an
amouditlih ithe ﬁ@ﬁéé"&?%béﬂﬁomeaﬁ@éboﬂ@bl@ Qﬁﬁ}a@ra‘ﬁw B‘Fﬁ%ﬁi about 0.10

strength tO maintain their structure wthout “co
and apout A pardg by weighiipesteyert $00 ppbpr e t he conpl et eness
of the reaction or the 'cure'. Catalysts may include
tertiary am nes, which are the nost commonly used
After gmdchestioan thea geaprhitet filked uftaade iretasded polyagethbee Hbami wi) have density

range, G Shaft2n B bdi D kRS, pReesadl 80 geRtl Fnaumdbe Fihe range
of 303990 KRt RRAMbsIBrefdrbBE ih ithE rafifd of A& ANd66 k. Fifthermore,
catal yst may al so include stannous octoate, which is

. polyurefbane Jeam ifemytha quasentgavemtiarawili kaventhenfollowing characteristics as

ti . jpdustry. Generally any
detergrﬁﬂi?%(cggygﬁ%g{:%%éﬁr@@%sg%bﬁged in the present
invention as long as the desired pol yurethane foamis
The catal yst enpl oyed may be any of the
a) Rgé&géjr&:ﬁg'eor m xtures of catal ysts known to be useful
A sainple of futingii®euptd gireeddte )ﬁ%ll?l.)b)y 50(F) @e-FhéeBample is crushed
met hod. Such catal ysts include for exanple, tertiary

and corpitieaedder #thavrs.c salts, particularly stannous
salts. Typical tertiary am nes include, but are not

Iirritedto_,_thefollovvin%: Nnet hyl o )
Samples are conditioned as per AS2282-1-1999. 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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nmor phol i ne, Bi s(2-di et hyi am noet hyl ) et her,
N- hydr oxyet hyl norpholine, triethylene di am ne,
wa pooetikebseam ne and trinmethyl am ne. Typi cal mnetBd1/AT2006/000686

salts include, for exanple, the salts of antinony, tin

and iron, eg., dibutyltin dIL urate, stannous

octoate,and the like. Prefer a mxture conprised

of a tertiary amne and a rretalllc salt is enployed as
The celicedultysr.indinés praferdblypht tedisti2dsinoné ipréfeesbly yrédter than 42; and

present invention may be any anount that is suitable

evenmr§|mﬁt?r@m QMPFH@%%Q -yur et hane foam Generally,

however, the pol yurethane foans of the i nventr on are

. prepar ed in the presence of a certain_anmun
This {eshds camiedaew Y. Sarnelecateat%rsthaaﬂ%m)ar §§tL)m ?65@} gm where the

thrckr?e%st(ﬂeof‘tﬁé Sa Ebcut P%éﬁ%tltﬁt:ul r %%Bbﬂ gﬁ@éaﬁ?éjaf the foam.

e range
preferably between about O0.10 and about 1.0 parts by

The éﬁﬁbgrﬁf otg@eglllsﬁ(lgéé' ﬂlggmprpﬂﬁt tl‘ro‘fé Soumeaﬂ@rbé%gh{eahe countlrng glass or

grap ST & S add oam W |
otherhsuitablte optityl instngdenf. Biwogell Zﬁuhb |31Imel:§r, 106pdegédBn three different

Preferably the density range will be in the range of
areasgy %@9% ‘é‘ﬁ'ﬁuﬁégq preferably in the range of

about 40 - 60 kg/ nB. Furthernore, polyurethane foam

fromthe present invention wil| have the follow

The preseat Hayansionc Wil eqirtan deseribgds e the dolaing! Remelss, but the
I
preseff IfReTiorfipnoCHE Pe, b deR aR! BHifls IARM et The Fxamples

iIIustratmItheoprteipta'ratmedotf the Banh aucmdrr@aimpdaresenabc&irmenbl pf thenimdention and
a AS2282-1 -1999. Crushing is generally done by
the t 3 5 %hfPaNsanpl e between two rollers at |east 15mm
apart for two cycles (one cycle being two passes
tween rollers). A5 kg weight (dianmeter 150mm
Exa"ffﬁpﬁkness 50 mm) is applied to foamfor 30 seconds.
After 30 second period has el apsed, the wei ght is
enoved_and recovery ti me IS recqrded, Recover

Flexible SIHB fOMRS {WeTeeBIRACR: ol e mgrerianis (8 y&@ﬁvawes polyols,
cataly¥ts $BhnPBbilisers, etc.) 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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observabl e and the foam has conpl etely recovered.
Recovery of |less than 1 second is considered to be
wap@eaznsabl e. b) Cell count per inchThe cel |l POUAU2(96000686
inch is preferably at |east 24 nore preferably greater
than 42; and even nore pref e@ably greater than 50.
This test is carried out on sanpl e greater than
25(w) x 25(L) x 25(t) mm where the thickness (t) of
Diol the sanple is cut perpendicular to the direction of
the rise of the foam The amount of cells along a 25mm
l ength is counted using a thread counting gl ass or
a) Tradé eansuiDRE! Qa@éﬁdb@'frohﬂﬂdw@@ﬁmcé'lh@\w‘sﬂ‘eha)mmted)s Dipropylene
|'i near, repeat ed in three different areas and th
glycob ¥ 886 837 cal cul ated. The present invention wil I be
further described in the foll ow ng Exanples, but the
present invention should not be construed as being
Polyispgyaratet her et 0. The Exanples illustrate the
preparation of the foam according to an enbodi nent of
the invention and the testing of foam Exanples

a.) Tradexname sVRRANARE e8@ pYBparled DI ofavaliable nfjoediRew sChemical

<A&$§B?f%ﬁ§§¥§ﬁf‘ fuse aiSodianilt H0% o yfER pisoqygpate . 20% 2.6-

tom@ﬁg-du@ae te)VD30- 45" (avai l abl e from Shel |
Chemi cal s Suspensi on of styrene-acrylonitrile
Catalystticles in a propyl ene oxide/ et hyl ene oxi de based
pol yet her polyol. OH no. 30 b ) Trade nanme "Voranol
2070" (avail able from Dow Chem cal aiy Australi a)
a) Tredgi pame RABEONSBIM ﬁPoTAloYSTml(e\taJI fe \Kmr@rﬁlra‘a@ducﬁ Pty. Ltd.):

T%}ﬂa%z%ﬁwer?% (m'-e;&rrl?rga 1“?“?% D%]'B ghegﬁ?g 51%nd (3? "I‘lrﬁlmeﬁenedlamme

OHrNml561H gh EO cont ent (appr oxX 75%. C]—| No 36

b) Trade name "KOSMOS 29" (available from TH. Golschmidt AG): Tin catalyst, Tin-
(Ih-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

Ltd). 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 100-750pum).
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d.) Trade nanme "Dal tocel TA160" (avail able from
Orica): Polyether polyol, POtriol with Ml ecular
waweioghts23950, OH nunber 160. Di ol a) Trade nanmePCDRGE006/000686
(avail abl e from Dow Chem cal (Australia) Limted):
Di propyl ene glycol. OH no.: 7. Polyisocyanate a.)
Trade nane "VORANATE T-80 TYPE 1 TDI" (available from
Dow Chemi cal (Australia) Limted): Tol uene
Filledi i socyanate. 80% 2, 3-tol uene-di i socyanate , 20% 2, 6-
tol uene-dii socyanate). Catalyst a) Trade nane 1DABCO
33l v CATALYST" (available fromAir Products Pty.

a) Tradd. paméetOmgayabni 0t gavaiiable! feoref O Bustraly |FpEe Ltd.). Calcium

gl ycol and 33% Tri et hyl enedi ami ne. OH No. 561 b) Trade
Carbopate. " KosMOS 29" (available from TH. Goi schni dt AG):

Tin catalyst, Tin- (ll)-isooctoate. c) Trade nane

"Tegoam n BDE" (available from TH Gol dschm dt AG).
Flammrﬁ?amentﬁ 70% bi s- (2- di net hyl ani noet hyl ) et her and 30%

di propyl ene glycol. OH nunber 251 . d) Trade nane

“Metatin Katal gsat or 712" (available from Rohm and

a) Tnagas Namer aAntblezg B04) (aveialpar dononAlkirightir& ¥Yilson). Chlorinated

PR o B R Dyl b AR f o it ol tiscr i
b) Tradg: n&inki Aﬂﬂl@lazur‘f/mt(availakﬂ’@WﬁhAmith&Wilsong:l Proprietary hight

Eg\%ardabl_e graphite Trade Nanme "Carbofoil PU20
mplgeyiar yeightiphaspbpteestehe Products, India): Expandabl e

Flexilfle 3MHdt6cK RAMd fefe prgardd Usini® foliblving' methods. In these methods
batches of flexible polyurethane foams based on polyether polyols and on diisocyanates
of the TDIB0/20 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 Weighed to an accuracy of £1%. The mixing speed was 2575+100

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



a) Trade nanme "Onyacarb 10" (avail able from Onya
Australia Pty. Ltd.). Calcium Carbonate. Flane

w0 edoanziesg s a) Trade Nane: "Anti bl aze 80" (avarCEHBUZ006/000686
fromAl bright & WIlson). Chlorinated phosphate ester
(Tris(2-chl oropropyl)phosphatge). b) Trade nane
Anti bl aze V66 (available from Al bright & W1 son).
Proprietary hight nol ecul ar wei ght phosphate ester.

checkeddexnd bgljustatd s 2¢k19mamp|ven/20 WRPAERMedSHh N 1L jug. Tin catalyst
foll owi ng nethods. In these nethods batches of

was gddeg tol the syl denchaad sieed Wills8a alectpolsfisen&ar Posgennss. Whilst

stlrrlngr gré’ﬂlegdﬂe?:ﬁ?bfornu \A?JI ggg\i %iﬂ%d&%\ﬁgﬁ%{ gﬁrtgdb&;nmedlately

after \ee g'hDI @0/2mtwads padgd! to tine ﬁtﬁﬁcﬂﬂ/ﬁdtéyc@tdﬁ,ﬂst iviBsurenNdrhe resultant
total water. The anpbunt of TDI used in th

mixtufewas MaeE far Hfsecands pad @eurRs iido thr Pepehinaskmstal box. The time
for th% gh%fﬂg%? gﬁa:(fpgf@dhc%ﬁ)gc\ faslnmgfé'nffgﬁ% g@l&%gérssﬂﬁa\}vas recorded

as thevecezan dinoail Eie tilg1et atewhichuthe @épa‘ﬁ@lonrfaqsmecbd/alsrrepbmeneas the rise

ime. 5] el Bk 05 b i 004 s e Bgadan an oven
90°C BBV 2D sHAuRk RAQGUFd RS SAFFdR. STRe REM- wak! c@thﬁg}ﬁ"eﬁﬁldﬁ:ular to the

were wei ghed to an accuracy of 1% The m xi ng speed

10 directignsofaEpadramhy them cepdecand a prindel faftestingwas epeparetion

applicable to Exanple A, Exanple B, Exanple C and
Exanpl e D_An open top netal box, (38cm x_38cm x_53cm

hi gh) was Qhenaigah t b Ppaper Expmplerd sti ckibxgraplet he
material [to the walls. The polyol was wei gh® into a
2.2lt-m xing container. Gaphite and f1 ame retardant s
(if appli P%Woﬂa Wer e then agded grqgual 'y Wth 10
const ant lm Xi ng \Mth a spatula with gentlelagitation
for abou{ Polyel ft es Water, $ilicond5 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
(@)
Filler (a) 4.0
Polyisocyanate (a) 45.0 55.49
PROPERTIES
Dry foam  density ]
(kg/m’)
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am nes were weighed in this sequence into a m xing

container and stirred with a spatula until it appeared
whorsogeneous (about 10 seconds). The tenper at UPET/AES006/000686

checked andchecked and adjusted to 21+1 OC. TDH 80/ 20

was weighed in a 1-litre jug,,Tin catal yst was added

to the polyol blend and stir;ldéd wWth an electric

stirrer for 10 seconds. Whilst stirring, pre-weighed

TDI 80/ 2Q |rag (KHyided. A timrg ¢ovice we8 stlarteds

i mredi at ewmmm%_
pol yol / wat Iy eurd ((GRS/IM xt urle. SPhe .r.esépt ant m Qure
was 1M xeq REEovdly h@%trtgﬁg)apc pguF ed TTgg T

t

. TR TIE PaRg
l i ned netlal box. r the nixture tlo star
produce dd3as lossi(pphp) arity |and be@dhe credny V&g
recor ded th ceamctd e Thetigre at—whteh—Hhe
expansi orﬁpi"ﬁi%sh%sgm%g’ﬁaggor ded ad e risd ti ﬁg_ss
After 10 |Veitigablurhe foam was renoved fromit he box and
pl aced i rf AAROMEEEHALp FIFR1 T QT 20 IPJIILES Tg CUpggLNe
surface. Tge foam was cut perpendicular to |the
di recti o) BF3EBUPH? ough tHe centre and a |sanpl e for

testi ng vabwiprappite iedindl alvdoat|ory wapkshas shown 20t
bl hveical . .

tg

f oam of & propertiesisp
bl end tenperature 18-30C. Splits are produced at
el evated tenperatures when the blend tenperature is

LaboedtomewddOhasisHowhehhbfoan of aotéstableypy&ital Prepertios és produced at
the initial blend tenPerature shoul d be generally |ess

blend teinpraratice H3S0F asinits are Produgast apelgvaieshtomperaiges when the
#OIE Sl . ; 4% o
vend Sy 2Lk o BBATE B RTIAL S LRBE 0T TR, he il

blenditamperater ehatildr ®chagantklygleest gsin UOPECtpreferailgany-25°C, most
time and end of rise. Foam can be nmade in the

preferafly 28t23°¢ tatmaintgin pbyeigal propartiesfaaimeaskior s ioradeand

is softer than expected. Therefore, based on previous

knowl edge and experience, it is not expected this
Condificnsearsanf ipsseniitd impoatapcedoc thisrgradei Memperatuse has the greatest

. tenperatures above 4Q0C _From our experigence, o

impag) B GEF41g e Sngr %%%gtr'ss- 508y Cerrhsomads: B (e Isbormfery at 50°C.

Howé\fe‘i’,"ﬂhﬁe@a“rﬂﬁa@@?ﬁts%ﬁgé‘ébﬂgr MahdWectdd. Wrerefe, based on previous
expected that elevated blend tenperatures have

knowiestgset anvd eixpprenceyrit ishrotl dxfentad thisgrade candia hwdeVii 4 gproduction

.the ipvention has bgen scribed in regard to a, one . .
envirgiiBen HF G AARGS ABAYk 026 crior AP REERI st PTG tis grade at
a blelgg\é%ﬂbé%w“e%‘ﬂ 20-D8°t' $REViHEs thd BEsSEUrafitd WindIWR AR Rill 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 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 invention is not limited to the

particular embodiment described, by way of example, hereinabove.
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system Since nodifications wthin the spirit and

scope of the invention nay be readily affected by
w@ensorRsskilled in the art, it is to be underBtDaU2006/000686

that the invention is not limted to the particul ar

enbodi nent descri bed, by way if exanpl e,

her ei nabove. CLAINS 1. A pr oc% s for preparing a | ow

resilience polyurethane foamthe steps of: mxing a

pol yol conponent and an e?ﬁ&@ﬁ%l e graphite conponent;
formng a reaction m xture’i di ng; the pol yol and

expandabl raphite adm xture, an organic ]
1. phipeess Mrdvebanndp i resiinse polnireihane-foamyfe steps of:
catalyst; the reaction mxture initially being at a
.. tenperature of |ess than 4Q0C. 2. The process of claim
mixing a P%'V?h“é}mpmﬂﬁ(ﬁ”ﬁgaﬂ ﬁ’éo%!’td@}?’%grarpé‘&@tqoﬁboqr}?é‘t?r eaction
m xture in a single step. 3 The process of claiml1,
Wherein the initial tenperature is in the range of 15
formipg & regstiemanixtytpiocludingthe process of claim 3, wherein
the initial tenperature is in the range of 15 to |ess
than 3Q0C. 5. The process of claim1, wherein the i
the pahtel Andoexparsiahipgraphjicapamiduies am organie peldsegyanate, @ blowing
r . r o
agent o8 A" Be0H) NSk B8 redBriiihs gt Bnolt 4 Gfaporature offess
than 4% .ei n t he anmount of expandabl e graphite in the
reaction mxture is in the range of 10 to 90 parts by
wei ght per 100 parts by weight of the total polyol
2. CcOmpqrecéss of’claibhd, furtheedscladiinglthe stép ofvegicting thé ésaction mixture
. bl owi ng agent is water. 8 The process of claim7,
in a sjipe 819P-t he amobunt of water in the reaction nixture is

in
3 The process of claim 1, wherein the initial temperature is in the range of 15 to
less than 40°C.
4. The process of claim 3, wherein the initial temperature is in the range of 15 to

less than 30°C.

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 total polyol
components.

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 of
the total polyol components.

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.
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the range of 2 to 10 parts by wei ght per 100 parts by

wei ght of the total polyol conponents.9. The process
wo@Rooshzi2e8 7, wherein the anmount of water in thBCT/AU2006/000686

reaction mxture is in the range of 3 to 5 parts by

wei ght per 100 parts by wei g{;ﬁ of the total polyol

conponents. 10. The process claim1l wherein the

expandabl e graphite is the sole flame retardant of the

9. r#hetgrotesy oft claien 71Wheldie tive anramt of welted imthe réactidremixture is in
including a liquid flame retardant selected froma
the rgpgRiPicdnta &t PAESOPY pMIgphdels10% matisnioNgWeidkeof the total polyol
dants, boron conmpounds or hal ogen-contai ni ng
comp?ﬁgﬁ%. retardants. 12. The process of claim1l, wherein
t he expandabl e graphite particle size is in the range

0 , /) C j : [
2§09, kel 5o, L5170 18 EreRed Yt 8! e fame
retardant oé tHeardaction amxtmeunt up to 6 parts by wei ght per

100 parts by weight of the total polyol conponents.
14. Alowresilience, flane retardant flexible

11. pThyyretdsner tlaimmif Curtret iholutiing P ligeidSanha edtaciarg sehested from a

step of m xjng an expandabl e graphite c nr?onebnt to a
grourfpdqqyélsﬁeerraf)rpgwph%@rﬁqqﬁa'alngeﬂ@ eorFe'Fﬁr&%J_P‘e oron compounds or
halodg@%dﬂﬁéiﬂﬁig fidifie POy Int@nd expandabl e graphite

xture,” an organi c polyi socyanate, water and a
reaction catalyst; the reaction mxture initially

12 Fh%yBhes pECRARCL iefRin 1S SxpaiaylcRrap R paRRRE Slee s in the
rangenbied dita L Henfram i ncl udes at | east 15% by wei ght of

expandabl e graphite. 16. A pol yurethane foam of claim

14, wherein the foamincludes at |east 20% by
13. The process 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 tfotal

polyol components.

14. A low resilience, flame retardant flexible polyurethane foam formed by the
process including the step of mixing an expandable graphite component to a polyol

component;
forming a reaction mixture including;

the polyol and expandable graphite admixture, an organic polyisocyanate, water and a
reaction catalyst; the reaction mixture initially being at a 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.

16. A polyurethane foam of claim 14, wherein the foam includes at least 20% by
weight of expandable graphite.
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wei ght of expandabl e graphite.17. A pol yurethane foam
of claim 14, wherein the polyol has a nol ecul ar wei ght
WO e 228 t o 5000. 18. A pol yuret hane foam of PBCHAIRME/000686
wherei n the polyol has a nol ecul ar weight from500 to
3000. 19. The pol yurethane fgpam of claim 14, wherein
the functionality of the polyol is up to 7. 20. The
pol yur et hane foam of claim 19, wherein the
17. T Anpdlyoretharieyfoainm bhelapelivpivhersinZhé poBol Bad a mbRcular weight from
| yur et hane foam of claim 13, wherein the
200"88—&%& onality of the isocyanate is at least 2 22. A
| ow resili ence, flame retardant fl exible polyuret hane
foam i ncl udi n at | east 15 wt % expandabl e graphite
18. aAdoolwiethane fasbobeiainildewhereip thegetyobhas @é@@l@@ulazsvelght from
500 tgl‘%ogol yur et hane foam of claim 22, wherein the foam
rncl’'udes at |east 20% expandabl e graphite. 24. The
poI yur et hane foam of claim 22, wherein the foam
[
19. pgﬁyl siﬁﬁﬁgm%éﬁlﬁ ﬁoélggpﬁléa\gfule%nrh g{ﬁqﬁ'ﬁcﬁ?nallt& of thga%(?lgol is up to
7. graphite and a pol yol conponent. 25. The pol yuret hane
foam of claim 22, wherein the foamincludes a recovery
time of at |least 5 seconds. 26. The pol yurethane foam
20. ofThelplyargthansetfersi of ¢lhin floawheralh tiske furictioahlity @fdiné pefyol, is 2 to
at | east 24 cells/inch.27. The pol yur et hane foam of
3. claim22, wherein the foamincludes a cell count of at
| east 42 cells/inch 28. The pol yurethane foam of claim

22, wherein the foamincludes a density range
21.  The polyurethane foam of claim 13, wherein the functionality of the isocyanate is

at least 2

22.  Alow resilience, flame retardant flexible polyurethane foam including:
at least 15 wt% expandable graphite; and
having a recovery time of at least one second.

23. The polyurethane foam of claim 22, wherein the foam includes at least 20%
expandable graphite.

24.  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.

25. The polyurethane foam of claim 22, wherein the foam includes a recovery time
of at least 5 seconds.

26. The polyurethane foam of claim 22, wherein the foam includes a cell count of at
least 24 cells/inch.
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20-100 kg/ nB. 29. The pol yuret hane foam of claim 28,

wherein the foamincludes a density range 40-60 kg/ nB
w@o6/Tkespol yur et hane foam of cl aim 22, wher ei PCT/AB2006/000686

foamincludes a | F40 Hardness range of 20-300 N. 3 1.

The pol yur et hane foam of cl ajl 22, wherein the foam

includes is flane retardant. 32. The pol yur et hane foam

of claim 22, wherein the foamincludes a resilience of

27. | ¥he polgorelbahe fshm Bhelainl 20y igiciaineht deamdhclaties ma 2éll count of at
wherein the foam has at | east one characteristic

least 4GB r om a group of: a recovery time of at |east

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

density ran%e in the range of 20-100 kg/ nB; a |F40 i
28. Hidhgneslyurethane feamgef dainpd2zvbhereinfe Aeamdpclades a density range
20_1d(p|§é/H3§nce of less than 15%

29. The polyurethane foam of claim 28, wherein the foam includes a density range
40-60 kg/m®

30. The polyurethane foam of claim 22, wherein the foam includes a IF40 Hardness
range of 20-300 N.

31. The polyurethane foam of claim 22, wherein the foam includes is flame
retardant.

32. The polyurethane foam of claim 22, wherein the foam includes a resilience of
less than 15%.

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



