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Field This invention relates to polyneric conposite foans. The in t1°on

al so rel atywg obmsdehHIUI d conpositions for preparing pol yneri Cp&pRROSHI1S2
foans and 5 insulating panels fornmed fromthese foans. Background to the

| nvention Polyneric foams are widely used fbr thermal and acoustic
i nsulation in building construction. Polyneric foans such as pol ystyrene

foans are widely used as a CB&IJMMGCC‘,@WDSHFEQ@A@I steel to form
i nsul ation panels for cool roons 10 and factories because of their.

excel | ent nedleshniral Kielsberti es, high insulation value and |ow cost. The
mai N negative fe te.of these .insulation panels is., their hi .pr opensi

to burn and or ol AVENORTelalE] RgPely FEEROBite JoAmIS, e @F?’@F@Nﬂﬁz‘)
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properties, B%ge‘grteé 0 gb?é‘%ﬁég tgédésg%lhi)g&f §‘%J§8§ﬁﬁ stggﬁdé:qggé %dea‘?%é‘?sgﬁd
because of ﬁﬁﬂgﬁggmfmﬂ{,ﬁgﬂw@éw.i es. They are extrenely rigid

and forma. friable urface when cut. A further problemw th phenolic and

furan foans BackgiiendtgtheTnséatibnry adhesion to the steel sheets. United
Ki ngdom pat ent apﬁl i cation GB 2013209A discl oses a nethod of 20 formng .
panel s of a pol ycBabenedn feamsspre widelyi Beasthfon thermalh ped dooystieinsulation in
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heating as expansion 1s required to take e polymerisation.
conposi t {On amyfacediesBecinse of ihéiy egmmmhmfmpmﬁb@s&gnmmsmh value
expanded formas the polycondensation reaction takes places at o
appr oxi mat el ndblwacastnhbe anaine negative featuxe af theset insulations pgnels ds Bbeiarshigh
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04/08/ 2005  properties, but are not able to be used as the core in steel clad panels because of

15 their poor mechanical.r properties. They are extremely rigid and form a friable
surface when cut.
A further problem with phenolic and furan foams is achieving sétisfactory
adhesion to the steel sheets.
United Kingdom patent application GB 2013209A discloses a method of
20 forming panels of a polycondensable resin. The invention of this citation
dissociates the expansion or foaming of the resin from its polymerisation or
polycondensation. This means that expansion occurs before polymerisation or
hardening of the resin. The method requires external heating as expansion is
required to take place before polymerisaﬁon. The composition may include
25 polystyrene beads. However, these are used in expanded form as the
polycondensation reaction takes places at approximately 60° a temperature too low
to allow the polystyrene beads to expand. To expand polystyrene beads
temperatures close to the softening point or glass transition temperature of
polystyrene are required. This citation has a complex heating regime to overcome

30 the problems perceived from having curing/polymerisation processes linked. It is




r

2 for this reason that the foam ng and curing/pol ynerisation of thect/auoez/00152
pol ycondensabl e phase are separated and why expanded pol ystyrene beads are
used. Bel gi um patent application BE 865001 is simlar to the UK pat%{©8/2005
di scussed above as the conposite foamis frepared using expanded

pol ystyrene beads. The 5 heating in their process is limted to

t enper at ur egot s redson thattthe Esuthingdahd rcurﬁgfmyﬁidrﬁaﬁ@ﬁ dfbieRRilyebndeRable
particles. USSR patent application SU 585189 al so di scl oses conpositions

t hat i nvol vphassdaresepardted apd ndedeypindedypadpstybardscadGareanedat ent
application DE 19910257 discloses fire resistant polymer 10 foam
conposi ti ons t haB&&umy gatent gppligatpr, BE26200hss singifardri the U patent discussed
conpositiong, are prepared b ding the liguid m xture,to.a nmoul d,an

heat i ng by TRREPRIRE oBine e dPRhT R, hikbectd Hmg e sy Dt beHE o The
and the [ : i | §C 13t o] | .
Summary \g? tﬂﬁqétull%aie} ntﬂlleg{] 151%lgé‘tgl'§$1)l isS ?‘ﬁ?ﬁf?i%nt%%‘?ﬁégg irlﬁs%?é&???%{ 2% ggﬁs(rﬁreﬁrc
conposite fdemmmmﬂﬁﬂhgpo?mb@amslep_hase of foamed phenolic or furan
(phenol i c/furan)Lﬁ&I%rrer and a disperse phase of foaned polystyrene

pol ymer wherein patesd applicasion SV 5§ Shaled disclossaiopspositions ifmtiinivolve
f oamabl e co osititon %%gpri sjn 5-50% w w of foanabl e unexpanded

pol yst yr enetisdiigoLspanged o A05R&€AEF-i ¢/ furan resin 20 wherein the said

cat al ysed foamab 1] i evaset res sufficient.  t

pol yneri se the p%@%ﬁﬁ%ﬁl{r %@Pﬁgﬁlﬁyggaw %&?V;?S)?F eﬁée 68?@%? RALYASGt
requiring. thRndPebinpakitmsOthAXfdiak BesH /% 9pehpy BAIEE abl

t he wei ght percentﬁ%? pol §styrene pol ymer in tﬁpé con% site %oa%ﬁﬁ?géi n t g
range 5-50 eompoesitienpaet eregargd b§-atdling Shéliehed abikyurthte « arqaddiand heaing by

a density in the range 25 - 200 kg/nB. -Preferably the conposite foamhas a .
density in $Hermadijedns Bop ekamples upe sxpradeq quiﬁtﬁmsobeacb audh thp ayeight

density in t r e - 200 kg/ nB. 1 n _an ternative formthe invention
provi des a @Eﬁﬁ)eqia@?eéxgﬁ%r{gwg ipé’ﬁ)’%gﬁ?é}e lsﬁ%i?iathﬁngr) ‘ore of conposite foam
conpri sing g“ﬁﬁﬁﬁtﬂp*ﬁem phenolic/furan 30 polyner and a disperse
phase of foanmed pdl ystyrene polynmer wherein the weight ratio of

phenol i t3 f uran pThisnevetiiorpprorddsy nené orat alRAsinetic odOMEPERTR foHRE ConpriNing
| |

a continuous phase of foamed phenolib or furan (phenolic/furan) polymer and a

disperse phase of foamed polystyrene polymer wherein the composite foam is
prepared by catalysing a liquid foamable composition comprising 5-50% w/w of
foamable unexpanded polystyrene beads and 50-95% of a phenolic/furan resin
20 wherein the said catalysed foamable composition achieves temperatures suﬂicieﬁt
to polymerise the phenolic/furan resin and expand the polystyrene polymer without
requiring the application of external heat or energy sources.
Preferably the weight percent of polystyrene polymer in the composite foam
is in the range 5-50 and more preferably 10—40.
25 Preferably the composite foam has a density in the range 25 — 200 kg/m3 .
Preferably the composite foam has a density in the range 25 — 50 kg/m”>.
Preferably the composite foam has a density in the range 50 — 200 kg/m’.
In an alternative form the invention provides a steel clad insulation panel
having a core of composite foam comprising a continuous phase of phenolic/furan
30 polymer and a disperse phase of foamed polystyrene polymer wherein the weight
ratio  of phenolic/furan  polymer to polystyrene is at least 1.
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I nvention provides a nethod of formng a nass of polyneric conpo ‘rj‘t/ >
conpri si ng g ' | i qui d foamabl e conposition conprising 5550%

f oamabl e pmg%@?‘g?e beads and 50-95% of a_phenolic/furan r%éﬁé%g%eépigin
effective anount of a catalyst to a terrp'oralsy mould-in 5 the shape of the
mass and renoving the nmould after the liquid conposition-commences to
expand. Detail ed Oeszfighérodterhative formetheiinvesdtien prsiidss suitetidde of dormbigs a
i nvention are syntheti¢ thernosetting resins. They may be obtai ned, for

exanpl e, by tRESScoHddRlEmPEG sPnsies foampsiompisiag 2ddmenal HaBid f faemable
i L SR A LR R SRSy Sy i 595 o

repl aced, wh : al : Shig | ' .
chem stry, s? Heé]?hcysﬂaﬁdgl?{etgﬁ%ﬁi%&%ﬁ%@?gcreso?%g\ﬁnéﬁgﬁl%%ao%ﬁééﬁﬁwmoumm
conpounds 5sughe ashape 9ol thedmaeN Aind. rerheWitigh the Mmoald! afiet athel $iqaid Q¥EApYStion
substance that can be used in significant quantities 15 as a l'ow cost resin
extender in tchmmencesio ekpamght i on. Furfuryl al cohol may be replaced by

ot her reactive congpoupds_contai hing,_ the furan nol ecul ar structure, i.e. a
ring formed by fodfetaliedBeseriptionobihevention The ring can have zero, one

Ceactive and - ror di; TR SWERIY ot RS, SRR B8 ST ol s
For mal dehyde Ry 1%9?(% bBRIRSE IfdpYeRdhiBle, By B B685derRutioh"GF Phehsl, JaBefiftby

nore expensive and Tess reactive, and thus not preferred.

Phenol - f dOrraptetyld ©r fefind abooied ivith elddhydensuch ad formabdelphds) atétal delsydsand
suitable for the present invention. They are usually.  prepared by the
reaction of - wHOReY 8t et APpredoteds By nidoge filded insthe) aofc phienol Haay be

Pt he. or os Rz MUY ol paR A et B ot SRR SH BRI R Y ok as
general |y cog@iiniRe RaoRNeARbI @P%ﬁﬁﬁh&%mdsmﬁgeﬁﬁ@@@ﬂ&h alggn%gggrt%gm

types of phenolic resins that are we own 1nt art are t

and t he resolTannifs iigpaticalar isih ecadtivpisubstarelthatesnrise aserl jr sigaifichnbyuantities
reacting one or nore 30 phenols with an excess of one or npore al dehydes in
aqueous phasas anlow rosheecswpeatymkaoimpthe present invention. Furfuryl alcohol may be

replaced by other reactive compounds containing the furan molecular structure, i.e.

a ring formed by four carbon and one oxygen atom. The ﬁng can have zero, one or
~ two double bonds, preferably two as this makes the compound more reactive and
more likely to form a char when exposed to high temperature. Formaldehyde may
20 be replaced by other aldehydes, but these are generally more expensive and less
reactive, and thus not preferred. Phenol-formaldehyde resins constitute the main
class of phenolic resins suitable for the present invention. They are usually
prepared by the reaction of phenol with aqueous 37-50% formaldehyde at 50-100°C

in the presence of a basic catalyst. _
25 The phenolic resins that are most useful in the present invention are referred
'to as phenol-aldehyde resins and generally containing one phenol and one aldehyde

component. Two general types of phenolic resins that are well known in the art are

the novolaks and the resols. |

As general rule, liquid resol resins are prepared bjr reacting one Oor more

30 phenbls with an excess of one or more aldehydes in aqueous phase and in the




4 04/08/ 2005 PCT/ AU02/ 00152 presence of an al kaline catal yst. H? Z %ﬁﬁi
of al dehyde may be small or large depending on the type of resi 4 é @cs
Novol aks areouexsérz prepared by reacting excess amounts of pcIMOGeAR0L$e

f ormal dehyde. The novol ak resin nol ecul e isdpuilt up from 5

di hydr oxyphenyhnet hane whi ch upon further addition of fornmal dehyde and

i mmedi at e condensati on of al cohol groups thus formed with anot her phenol

mol ecul e gi v@telsﬁlrt@aﬂf(ﬁmpﬂﬁm entelysy The egeessr af afdehyideamaly dsHswaH) ocHatge

C6 H4. OH as s bran hed ners in ich some of the benzene rings
have three Hﬁpaé‘?% eg?é nder aci di ¢ conditions. Novol aks

can be i noor por 2?213074%?3% %Jerk@%daﬂ‘?f e RO =R Shlets Bpaf 1 et winh
pur pose of prmd&(}m@enolm f ogB%elakhe ltegﬁfn PhgsIetylean fsNCIBiFR NOogp Onlftom

phenol itself (including pure and technical grade phenol) but al so other

phenol corpouditiydsomiphenylmsthane nethicler apoi , furtdrenldition| of ofvrmabdehyde and
bi sphenol - A, al pha: naphtol, B-naphtol and the like, and .15 adm xtures
t her eof . Fur dmmediate @@r&e@émmdoﬁ @lcahied gmqms éhltsr pmngd apipthi eaethen phenol

liquid re5|ns hat contaj,n at | east 0

structure | HBBlesBIe E0Es, e oo it i O bt
and which ca Yi %e

forma ther nnrbs%?i‘so%f%dg% ﬂ)}aﬁ&%g&&%ﬂ pre er a‘% y co f‘;ﬁhﬁgﬁegg%@ ant:-"‘? have
al cohol , or rffs ethylehe Geiize dfachuidnts Mhd@ 4610”1 codifions. hN&%Id.E§ Q;éhQﬂ@'o 'b!é
S Patent 5, 545, 825. AI dehydes to be used for reaction with t

above- mentQ on:add@hadai alkehine condiniops anddwith typesuefl hyvalaks aambahmaxrporaﬁcﬂ to
carbon atons and preferably out, 1 to, 3 carbon atfoms SpeC|f|c exanpl es

of al dehydes 8 5Pk daade,separale -sif) fprdhe PHEPRREOL PRogRrdsiRherpie Agafos.

furtural  benzal doiye Se oy e il R U BRI RLEP ool shipigy ana
The nost comppehyfesl®@agt ph hﬁo%\bmlaesw 8thep pREndY cdftpomhdieiicens fefscuit, cresol,

formalin which is usual ly a 52% by wei ght aqueous sol ution of
f or mal dehyde xyienad; ehjorophehal; rtasplemptiey, wipheh-naphtols dl-naphtohead thel likey antl
30 formal dehyde;. and trlox ne, which is a solid cyclic tripolyner of

f or mal dethade adygixBuEs g0 |
Furan resins are defined for the purpose of this application as liquid resins

that contain at least 10% w/w of compounds whose molecular structure

incorporates the furan ring, with zefo, one or twd double bonds; and which can be
cured by heat or the addition of an acid catalyst, to form a thermoset solid

20 The furan resin preferably contains some furfuryl alcohol, or reaction
products of furfuryl alcohol, e.g. those described in US Patent 5,545,825.

Aldehydes to be used for reaction with the above-mentioned phenols or

furfuryl alcohol usually contain about 1 to 8 carbon atoms and preferably about 1 to

3 carbon atoms. Specific examples of aldehydes include formaldehyde,

25 -acetaldehyde, propionic aldehyde, furfural, benzaldehyde and the like, and

admixtures thereof. In the context of the present invention, the use of formaidehyde

is preferred. The most common commercially available forms of formaldehyde

include formalin which is usually a 30-52% by weight aqueous solution of

formaldehyde in water; paraformaldehyde, which is a solid linear polymer of

30 formaldehyde; and trioxane, which is a solid cyclic tripolymer of formaldehyde.



5 04/08/ 2005 PCT/ AUW02/ 00152 The above and ot her sources of for d
for reaction with phenol or furfuryl alcohol are intended to bgadegrgﬁﬁc/g%OO5

her ei n wherydlagoétin f or mal dehyde is used. Surfactants may bgcHagsyaig: are
selected fromany suitable stabilising agent wuseful in stabilising liquid

phenol - al dehyde resin foans. The surfactant®can be 5 anionic, cationic,
non-ioni c or anphoteric. The major restriction is that it nust not

interfere w fThetdtoviecsnd otheprsoueses. of Fdratajdehydetfeor redctim tathl Fheiwlfoicﬁlﬁtﬁjﬁl
are known and are disclosed in nunerous publications. Commonly used

surfact ants aigediol aee itendegdrtodier¢mbracet hesciniwhen thel tesmfermaldehyde isesed.

co- pol ynmers and orgagpi surfactants sych as pol.yet hers and_pol yal ¢cqhol s, '
i ncl udi ng their cgﬂlﬁé’ﬁ Wyiﬁe HF%@%&@%&%@WﬁM?@%&@%ﬂE agent
et hyl ene oxi Rk eNg: 0Xi v s Sy fatt |.d

al kyl si | anesﬂgn rsllﬂl %Drs. «sg‘ﬁéf‘i e?yﬁ%&g fg%elsﬁggg%l Wy%bf%%tegan be

oct adecy! ghegafionid Wa¥ionks tibn-Ritec d8 QYpHHEe. Bhe ﬁﬁg&ﬁemi)éﬁdi?iﬁytﬁhbi'ﬂ 28t not
dodecyl phenol, pol yoxyethyl ene octyl "phenol, poly I

xyethylene linoleic
aci d ester, puteyforeyatillythecfoatmngiproaessd Aslaege muohlkaxyfisajthbleswdadtahtsn are
15 nonol aurat e, pol yoxyethyl ene sorbitan tristearate. The anpunt of

surfact ant ukaewnsaid @& |disclesed in tmuragrons pivlicatians uGommonlyonsed sudectapts

o T
preparing t ﬁuglftﬂéahg(g' Sudll as oly¥thets Qﬂ&"ggﬁ?fgﬁgg%séﬁﬁmgislﬁnngrﬁﬁﬁ%opﬂ%ﬁﬁd&f

I ncl ude physic em ca bl ow ng a chani ca oW Nng

t echni qus. producty sidalledene phidbsnach idethyland ogidegent propyle eededywitie
water in the resin, which is either present in the resin as prepared or

gener at ed i nalkyb phenplsg faitycaeids, aliylsilanesi and pilicens: e¥pedific | examples include
tial -that, the phenoli i f injs f ble.. 25 Ho ,
for cost reaROWORYFIIVINg: mactafsyinhanol, *RolyQXY5HaYlens oqdprudphennl prulaiiite.
. ‘ et . ; . | \
[eSin o1 f U pAyER Sy ST Shhlp! BabeRsiyiakabuo! DHEAEL i BRARRLS
aci d and sul hfivlelec agid dstef)r Fblm@apﬁ}haiee@feaﬁc%iﬁasét@r, aisdalgﬁxzétﬁyldﬁ@s Sothigeh
C

in the art for curing phenolic resins. They are usually 3 aracterised as
strong athdsmonplauciepelyosyeihyletdessorbidan trisdearaté. f r om aromati ¢ sul phoni ¢

aci ds such as ph | sul phoni c .acid, benzene sul phoni.c .aci d, toluene
P e'flg)e amount oP surfactant usedr% usuaﬁy n%t cpmcal as § amounts, 1% or

~ -less by weight of resin, often result in a substantial reduction in the surface tension

~ of the resin.

Typical blowing agents which may be employed in preparing the phenolic or
20 furan foam component of the present invention include physical and chemical
blowing agents as well as mechanical blowing techmiques. In a preferred
embodiment the blowing agent is provided by the water in the resin, which is either
present in the resin as prepared or generated in the curing process. While it is
preferred, it is not essential that the phenolic resin or furan resin is foamable.
25 However, for cost reasons and thermal properties, it is preferred that the phenolic

resin or furan resin is foamabile, |
Typical acid catalysts include phosphoric acid, alkane sulphonic acids such
as methane sulphonic acid, hydrochloric acid and sulphuric acid, or blends thereof,
Suitabie acids are those used in the art for curing phenolic resins. They are usually
30 characterised as strong acids. The catalysts may alsol be selected from aromatic

sulphonic acids such as phenol sulphonic acid, benzene sulphonic acid, toluene




04/ 08/ 2005 WD 02/ 064672 PCT/ AU02/ 00152 6 sul phonic acid and xyl ene
sul phonic acid. Lew s acids such as alum niumchloride my also &/ Q&R 005

I n nmost i nsfyaneesicehe acid catalyst is added in anounts suf feicalmizihes?
reduce the initial pH of the liquid resin mxture below 4, preferably
between 1.5 and 3.0. 5 Also, the anpunt of Satal yst needed can be

determ ned by evaluating the desired creamtines and firmtinmes of the
reaction. m xtsulphoienmidhhy xyhaelsulghorioweider Lewihacids sueints aliminiofa chloride
catal yst contained in the foamng reaction mxture will vary between 5 and
20 W w % of pnay@lsabeuseth resin. The catal yst converts the resin to

I .10 The liguid ' I ti . h ' I | vi
Teaning i1 must  chBiRst BbsRoHRAA SREN s GEHER P e SaFSREALIY tues
g ‘ PR C
Wit normal 1 JERatd i YRR HAEE R S e BABN, pRIERELPBRNIAR BEEIS.0

tenperat urg ohisal theasholRGf Ay Abddedatan beatitedRised 'Bsevalafins abkydédired

| east 100C. 15 By reaching a pariicular tenperature after catalysris it is
meant that weeeamlG0Ry anfl fiammidscof i reactiopl micxiurd. rGenctdlly ispeaking, however,
cylindrical container of diameter 200nmm that tepperature i s reached after
catal ysis. THhe qomgentration of ratalysseontained\iantheotoasningi @é%n‘?lhéﬂlé‘éi\}@nﬂﬂgevafy

t hat panel s be e d wth at i.v si_npl e Lnexpensi .
cqui prent . - EXCEVRER HEH 20 3t Zuok Bhfo el Pie ThE RPN E Y Ghe resin to
general ly nogmﬁg&@§§ary. However, such external heat sources may be used to
prepare the conpositions of the present- invention. Additives that increase
the heat 1igener at edhwlighil resinadoysyssbition nmust dave hesuitabls mattivilg, medathg ftanust
exanpl e furfuryl alcohol or peroxides, preferably hydrogen peroxi de on
account of i tgenpiajh encughiheat in an¢xiotheratechemica) rqactien 16 cayse dbe Axpandable

osin |s sui PRBTESTGRe RS 1S et G EReAior RrareT aafl boselly el ocly autess
n i's s i PRRATEIOR oo
any par ] cul S5 SOBERTR, bERRPORPREICHES o RaBbBlud O LORTR 801G bCRMy ac

retardants cqﬁs@igmqgmmpfdféﬁblylg,lebgmme, boron, phosphorous or amoni a
30 especial ly ammoni um phosphate nay be added to i nprove fire resistance.

Expandabli& gr aphi tBy caachihg @ particubfrulemyperapire\adter ¢asalysisaitpisemgsantl dhatr whea
'n DE 1000g of foamable resin is placed in a 10 litre cylindrical container of diameter
- 200pum that temperature is reached after catalysis. This feature of the present
invention provides the advantage that panels may be prepared with relatively simple
“and inexpensive equipment. External heat sources such as steam or microwaves are
20 generally not necessary. However, such external heat sources may be used to
| prepare the compositions of the present invention. | |
Additives that increase the heat generated by the catalysed resin can
beneficially be added, for example furfuryl alcohol or peroxides; preferably
hydrogen peroxide on account of its high reactivity and low cost. It will be
25 apﬁreciated that the use of such additives is to be taken into account as to whether a
resin is suitable in terms of meeting the exotherm test. |
Other additives may be included, such as- those described in prior art foams,
to improve any particular physical property or to reduce costs. For example, fire
retardants containing eg. chlorine, bromine, boron, phosphorous or ammonia -
30 especially ammonium phosphate may be added to improve fire resistance.

Expandable graphite can also be nsefully employed, for exampie as described in DE




04/ 08/ 2005 WO 02/064672 PCT/ AU02/ 00152 7 19910257A1. The graphite Zé%a/‘nds,
when exposed to high tenperatures as encountered in a fire. The IRy 2005
patent application also describes the use of intunescent adgidi 5L 0.

a mxture ﬁ‘?é‘#’ﬁgﬁp e, a PVA co-polyner, pentaerythritol aﬂﬁﬁé%moum
phosphate. These and other additives with sTnmlar 5 effect may be

i ncorporated in the conpositions of the present invention. Low cost

fillers suchigg1@EsTALe, The %ﬁbhit@%kp&ﬁdsﬁ whii t expasgdbto ddghdtemperatives as
cost. Such fillers nmay ‘al so-be beneficial in that they can act as

nucl eati ng agremmterseduei o dfiteh lhesameg patesk | apilication alse dessribes e use of
conmponent. Urea, nelam ne_and other nitr.ogen %ont%i-ni.n co g,ggds capabl e
of reacting, INtNRESpPRInAIHEYCT uG&r 3 BEEEES| O WRGAHBNG) fop CR-RPLymet,
t wo- st age reactjon kn in_the LLi I -0 : |

can al so be BERG [‘lﬁ(\g?i}l_‘ld;m?ﬁgiﬂ ﬁ@g%ﬂ%eﬁ g@%%éﬁé‘b g"@ﬂ?ﬁé(%cpg‘g%_gggfﬁiﬁﬂar
preferabl k T gfgl i éd}g & IROEEMPbsitiBAs RRTNE Ipkdseht ifvintidn! Btiviost
Neutral i sig_nggagen#%@n%%e g%g%fto t he fgar%abl e Hixtllj,fi"e, such as slow . -
di ssol ving sigletSshdtkas poilitdf fiysashpuad velthivulite hersbeedded e deduceUseat Suth

4,122,045 are 15 hereby incorporated into this specification. The )
pol ystyrene filleysmmaysalie hslheneGicial i thatdhey can aokas nBeleaineg agenissragusheg the

A e
Sol e nononer

copal ymor s areiteiipa Ry SECPE b ROCRIE TRE Rt e dChuty) ABtDAC WD

Styrene kg FdeBYSePASENEwastdgeerdmiion kaowanantihef aithas paldpkoy rietlewed by
polymer. Furtherhore, the polystyrene polyners may be nodified by the
addition of &ondensetion,dzmt also bﬁnsﬁéromdhe@@lmoy&%n@@@adnodﬁﬁﬂsa?mgﬂl@m’desa

4940 and. SpaBERCTAPIY. FOEAMYSkaston P FENEPOR PRy Bre cabeplit, £ tan HESis.
nexpanded t e ' ] ' ' | .
ooyt ene VBRI by T bR B ) ol ket b 84809 hsolving

rheol ogy andse;ltsomcer 685 befaxt NerHd fhétisbdzodansibiedols USs Pateit 4,182,045 are
manageabl e. |If expanded pol ystyrene beads were used only relatively |ow

| evel s ofi5pohssgby ircerported itte thiscspepdicatiod. i nto t he conposite foam when a

I ' i . 04 2 : ' . .
30 pourable m xt u{f'ﬁeIpsolystj?u(:jeneopélgg;{eros(l)l?tablc for-the present invention includes styrene

polymers that are commonly used for preparing polystyrene beads that are to be

blown to form polystyrene foam beads. As well as Iising rstyrene as the sele

| monomer other addition polymerisable monomers may be used and such

' 20 copolymers are embraced by the term polystyrene in this specification. Styrene is

always present as the major component of the polystyrene polymer. Furthermore,

the polystyrene polymers may be modified by the addition of fire retardants.

Preferred polystyrene beads contain flame retardants such as beads supplied by
Funtsman under the trade name Spacel 4940 and Spacel 7740,

25 The present invention involves the use of unexpanded polystyrene beads.

| This enables relatively high levels of polystyrene to be incorporated into the final

foam composite as the rtheology and flow properties of the liquid compositions is

much more manageable. If expanded polystyrene beads were used only relatively

low ieirels of polystyrene could be incorporated into the éomposite foam when a

30 pourable mixture is used.



WO 02/ 064672 PCT/ AUO2/ 00152 8 The preferred pol ystyrene bl ow ng gﬁfnb ?&20 '
techni que conprise the enploynment of |iquid physical blow ng ag é 8 05
agent s. whi cwoemds#uskatil e |Iiquids which produce a bl owi ng gaET/ARIY OS2

vapori sation of the blow ng agent or through deconposition of the blow ng
agent during the exotherm 5 Numerous blowi ng agents suitable for use in

Heal v e bl ov e aBEtmed ctieyshend Foking #aninand, ihrBut withprise the
beg . ' _

b and 50 ¢ (oEpIqehél o ot BhyaPRbw] aben e IR WHECHRAPIYIANE HEARS

such as 10 hyHidcpiodans a Hiewage eas doiyh W@F@ﬁmﬁm oftiObRIwingklean of titiigh

ethers. Specific ‘exanples of hyﬁr ocar bon bl owi ng agents include propane,
pent ane, i sopdedcammositioh ofithedrlowie agemadirmg the epotiferni.ed bl owi ng agent .
The bl owm ng agents_are enployed in an amgunt sufficient to give the

resul ting Dol yst yrNHECrGIDloRIng: egeRly Huiabla Jor mset e the congext: ak the qyesent

invention 15 it has been.found particul.arl eful to L oy expandall _
bol yot yr ene DEtoh 2e SEILRNOTOPR e hiot mb WS, hS vERASY agoRR Pl e o
conventi onal | %fg ' | . = Qr lamot Jai o
specificati onIY ﬁg I'n %%ngﬁglgﬁ%mﬂk% Rﬁ’isﬁ%‘%ﬁﬂgi’g’c I ce, Ph_ljs@ d%rfli:}?c{/ C. and
refers to themganpictorably taeked 0Od@rd¥dCbeads of pol ystyrene. To allow

for packing volune, the actual density of these expanded beads is 20
appr oxi mat el y 50%KExasaples oft velatile hlewigxagents|pclhae3orgapieszompounds such as

[east " tgvt ek SGrboRs 3333%%?4 5280 B ot Reaen gind i | epesati
foams of fer (RECHIvA Aaosfdl pldwife el SR £r8MEhe 1EHRAN, IPARARME ana

For general mmé.ePéﬁ@ﬂéﬂﬂﬁp@mcsblomﬁghgam 25 the density range 25 -
50 kg/ nB normal ly provi des adequate strength, but even. |ower densities my

be useful . For appltechiowing agouisr argy employednihi am ameint sutfcieandibogive the
structural strength, higher densi y he preferred, for exanple, 50 - 200
kg/ n8, or hi éﬁﬂﬂgﬂgﬁ’@T '&PP&B%WSHFQM% ¢ae fﬁfoﬁlﬁs?lw%lﬁémenﬁoﬂ
pol yrer s 0 | - ] 0

P csont | et fanbesth @R Ba At BBl 15 B T0E RpRhGMIER DA bl hat
cal cul ated byxpeh®tcadendify bﬁﬁb@WOﬂdg@ﬂB YA R Ationally blown with steam in

a single pass process. In this specification and in accordance with industry practice,

this density refers to the density of packéd expanded beads of polystyrene. To

allow for packing volume, the actual density of these expanded beads is

20 approximately 50% greater, that is approximately 20-30 kg/m’. In the present

~ invention the density of the phenolic foam phase is preferably at least twice that of

the polystyrene foam and in expressing this ratio we refer to the actual densities of

the two phases. Lower density phenolic foams offer the advantage of lower cost

but poorer mechanical properties: For general purpose insulation panels, foam in

25 the density range 25 - 50 kg/m’ normally provides adequate strength, but even
Jower densities may be useful. For applications requiring maximum fire resistance

and/or structural strength, higher density may be preferred, for example, 50 - 200

kg/m3, or higher. |
The relative weight proportions of the polystyrene polymer phase and
30 phenolic/furan polymer phase are important to the present invention. In this

specification the relative proportions are calculated by reference to the composition



WO 02/0 64 6 72 PCT/ AU02/ 00152 9 of the liquid foanable corrpositi(]%]
maki ng these cal cul ati ons the phenolic/furan phase includes all G40 8/\%205

such as ca Se7fillers, water, surfactants and fire ret '

only excl uhﬂ')s e pol ystyrene beads. It will be appreciat eﬂ'ﬁ‘g‘?&@g&j
actual relative weight proportions of the p8lystyrene polynmer 5 phase and
phenol i c/ furan pol yner phase in the conposite foammay vary slightly from

the rel ative geitbt xquﬁwommﬁﬂﬁlec% @Hifh.2S FROMBakid Qﬁeﬁf&ﬂéﬁa%ﬁs”%}ie
be accounted for by the {oss of volatile conponents. wever, the above

met hod is uspédnbbc/fmnvephawcmchﬁeseaﬂu addifveshaeugh eae nd:ata]lw&;ltfiﬂersl; hatater,
sets it apart fromother rigid foans 10 such_ as phenolic, pol.yurethane and

expanded pol pytipriants ampgye |1'§fat¢?élt%6¥1ﬁhqn}y @KC$WS Itb@ ?Olll’gﬂeﬂ@d?ﬂagii ét 1t veilk lbe
W th appr oxi ABPEcAeA b A8 il N BERE troBrions abite PABRRTFee Bokaer
same shapg' phRasE ahd ?hgﬁ{:h@/fﬁ‘lfanl ﬁ%l?ﬁ{bﬁ é)ﬁﬁl'sgtxﬂ the Q%h%ﬁsﬂesfo%ﬁgi’ﬁqﬁ Vay SRy

for the f| na expande oam as pre-rise m

beneficial 1Grdiealicifedatie {velight Iﬁa?@mnsm@ﬂﬁeﬂla%%bﬁhapqﬂeﬁeuﬂ@e&ﬁ@és HhBf be

the foam can be produced wth extrenely sinple and thus | ow cost

equi prent . Feccaedifer by tharddssoaf stolatile copynestsd Howeackdg aiyvecmetbad is
used as a tenporary mould to produce commrercial size blocks. In such case,
the four ver BFehIOTCORVERIEREe: he box should be slit, allowing all vertical

sides to be folde (o) St on _the 20 floo he
fi)ur si des of t hegngé%tm‘% %fgf%gF%g‘g{i%ﬂggbeWFé%& ]g ‘% Qs
box) onl ygl o m f '

box) andyot hgﬂ;tilese or dg%pggls%ﬂltagegg%mgbﬁqé%gb%%& tQﬁelgg(%k'rmﬂ#lgndcﬂgh ano ©
the rise, thpretrise fommtmodives talestanf at‘meerhory” ofiitsizhapo) tlepradticetz fimat,ofdly

hori zont al allowa the foamto expand in all three 25 dinensions, while
mai nt ai ni ng EHRNG nﬁﬁt@ﬁ%/ Wﬁg "{‘PHTPW@%&G sarge shgperag jthe (ﬁl'e‘rl‘éﬂfgffﬁaﬂ}ablc

wi dt h: hei gh f t Ni,s d;,smant r c Ia si bl.e .bo

an exanpl e o#m"f%g aﬁletm (faﬁﬁLﬂ Xﬂﬁ sﬁS’ng]féﬁ'B 'PH# ?he
moul ds are . sdrhé@¥er ﬂﬁrﬁﬁeﬁ By Jﬂdéﬁgfo%@aﬁi’oﬁﬁiet —ﬁsé’"ﬁﬁﬁ:ﬁu ATA Bff'beneficml
f oamabl e conposi tion has’ be un to exotherm a tenperature or p%e sur
reached terfeatire ofGhisdiohernoiyt’Sof preatismshape is the facthatigle fohsi cithbe produced
expandi ng foapabl e conp05|t|on IS no |longer confined by the walls of t he

t enpor ary oWkt exigerrely sinplepnskibng 10w st oguippent. For example, a cardboard box,

ras used for packaging, can be used as a temporary mould to produce commercial
size blocks. In such case, the four vertical corners of the- box should be slit,
allowing all vertical sides to be folded out to become horizontal, resting on the
20 floor. The four sides of the box should be held in a vertical position (i.e. forming a
box) only long enough to allow the foamable mixture to be poured into the box, and

the rise or expansion to commence,
Following the commencement of the rise, the four vertical sides of the box
can be folded out to become horizontal, allowing the foam to expand in all three
25 dimensions, while maintainjng approximately the initial shape, i.e. the ratio of
length : width : height. The use of this dismantable or collapsible box or mould is
an example of the use of a temporary mould. Further examples of temporary
moulds are trays formed by frangible or meltable walls. After the foamable
composition has begun to exotherm, a temperature or pressure is reached where the
30 wall melts, weakens or ruptures such that the expandmg foamable composition is

no longer confined by the walls of the temporary mould. When the expanding



10 04/08/2005 PCT/ AU02/ 00152 foanmabl e conmposition is no | onger confi nef bB ‘
the walls, the walls are regarded as being renoved. Renoval of t4&/ Q& 12005

may be achigyasghobyg7ael ting or breaking as well as by physi cedr/anbgeoient i on
by an operator. The walls of the dismantable or collapsible box may '
alternatively be held in the shape that def {hes the noul d by 5 neltable
retai ning neans. Wien t he foanmabl e conposition exotherns and expands it
reaches a pr édameble cmmpbsitipe isnorlengtnconfstby the walls athei wallsreshzegagded as

break and th Il's of th ld to fal|l outwards, al|ow ng th di

Tase to be nbeIREIRPNGd, et of Ay vl Sy G ackinied DY TERNREcRPIEADE B
fi th | ysed, Liquid foamnb i1 i ot

expansi on comighasy payrictlonterySRRE RS FE0PGRRY. a0 Y 8 che shffuantaple or

: oo . _ . _ | !

Lompor ary moGPHeRARIEEOE 15k Aleljathly btk e Mape el PinfO R MIRd by

feeding off endigdble réfining nidagbdWhek ehé fieaaableajompuaidomesothesns aakllexpands

amount of the catalysed ITquid conposition only |ong enough for the
expansi on t oitteackeca pradetérmined semperadurecthat bauseb thergpintg meanh &o break and

tenporary nould containjng t C lysed Jiquid.fo bl e conpositian y
be pl aced i nthe dwllsnaf dhe %ﬁ‘ﬂ& tﬁoﬁlﬁﬁpﬁmﬁ‘id@ gﬂ?@’rm G Bi3éh tBng%lﬁé’t
face or totally.encl ased. fioynd that...b ' r

Face, o {0t SLUGELE! A Flap il B0 & Beloe it Spilaty BERREE e Mol ffsed
uni form and ﬁﬁp P Aainifle AnpdNifoh ©BHIY QultHS $h ' dxpihfion ¢OnfrasRrdsaldan also
using this sinple nmethod, all'ow ng the bul k of the expansion of the foam
to take pbacbkenéfidially dboyusdatin atomtimetusailives, fof omdample, damier girakdhgtion of
useful size can_be produced_i.e. in excess of In8. This [s in g&n rast to

ot her pl ast i eontipepus blogks Inmhis casediic emnoxasyamonlt £t beeat T ¢X%aqgple,

log

two di mensi ons (phenaol i ol yure ne f n f r

di mensi ons ( X @%ﬁ&ﬁ%ﬁ@#&ﬁ%@%@?‘a ?,%Olﬁhﬂﬁ@aésgb&@fﬁ% sthﬁggeﬂ}ag
addi tionally ) GRITER agﬂj g4 ed i BitnSHHlyI6fc Bndash fi

adding to th%a%%ﬁrr%:%éél ty gn ggg?fg‘fét hﬂgﬁg}r oduct i ggﬂfpgqui prren?’. ile heor
si npl e net hothelegunsimtoxdamveenes) be used to produce bl ocks of foam of the
i nvention, the foam can al so be produced in a confined space, provided 30
the moul #i s st rohy % vetghon ®fvihensbayrl Draeessy éb%&e@p@mtmu@) ang the

gég? in(r:]thggsf F?%]@y;tc]%fb@tﬁg] fggm%gﬁ ci:cpr\r/lsgéiiu%ﬁ 1(1:1%3”( b%l ﬁﬁcgf it raos%%gﬁg ot outer mould.
This outer mould may be open on one face or totally enclosed. We have found that
by using a temporary mould within an outer mould that the final faces of the
‘composite foam are more uniform and reproducible and thus require less trimming.
20 Remarkably, using this siniple method, allowing the bulk of the expansion of
the foam to take place without any spatial constraints, blocks of commercially
useful size can be produced i.e. in excess of 1m® . This is in cbntrast to other plastic
block foams, which require spatial confinement in at least two dimensions (phenolic
and polyurethane foams) and often three dimensions (expanded polysiyrene foam
25 EPS). In the case of EPS, there is additionally a requirement for an external supply
of pressurised steam, adding to the complexity and cost of the production
equipment.
While the simple method described above can be used to produce blocks of
foam of the invention, the foam can also be produced in a confined space, provided
30 the mould is sﬁ'ong enough to withstand the pressure exeried by the expanding

foam. The foam of the invention can also be produced on continuous lines. One of
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present invention is that external heat or energy sources are ndd4/08/2005
necessary. ﬁbdzﬁsﬁfé’}ﬁp” sing that conposite foans can be prepgﬁ':ﬁiwm%g t he
exot herm ¢ heat orf reaction fromthe polynerisation of one polyineric phase
can be used to foamnot only this phase butthe other polynmer phase. This
is 5 contrary to the prior teaching discussed earlier where the separation
of these rol dheisignifiant dévartagassedtheapresdine irprention ds tthafedxtendl yheat @8 energy
expanded pol ystyrene beads-and relies on_external heat, being applied. The
i nventi on wi iSOURREST i ARk Deresearyh el ipPurpidsing dhakcomppyitss f9arag cantwy prepared

B e T
agent 1o 25 ast Skt QAN Batlude g EROUe 1 UESblr ndA00 SHRRC s i

Hunt sman2@0g doutraty Yo the sA6OIdatRitlg Tesdussddl arllier FflRed ﬁfets)egﬁfﬁﬂd;méﬁﬂﬁaé%les_is
Perlitel og 75% phenol sul phonic acid, 140g | Prem x 20.385% phosphoric acid

60g In a 10 Iconsideped kenential.| Thb prier aohgemsmlly wee eppanded podystyndrenteads and
m xed together and warnmed to g’g,c. The, aci d catal yst bl end was added,_ and
the whol e nifSHGH enseXiprnad heaf Sepgsapplics: devention. wilh becligthes geseribed by

m nute, the |Lgui ) £ idly and the tenperature

ot the’ i xt ureliraica o prieed HRbbAGdnts B BRI E utRles: 2° 01 20T C body

of foam was Ex%%@[bl“’ith an approximate volume of 9 litres. On the sane
day a sanple was cut fromthe foam weighed and neasured and found to have
a density0of 151kg rfBamiableamirthrg ovass pyopaned hadts thewolkowinga féymuiatiohl evhere
all cut surfaces, havi_ncaﬂgecgi aneter npstly in the ranggiI 1 to 2mm The

estimated avPPHHe Wayi a% arRUCleatingspEamti tagassist in Ths fapmigg of the phenolic

resin.: -

Phenolic resin, grade IL.1737 ex Huntsman 1000g

Polystyrene beads, grade Spacel 4940 ex Huntsman ~ 200g

15 Furfuryl Alcohol 100g

Teric C12 (surfactant) ex Huntsman | 40g

. Perlite | : 10g

75% phenol sulphonic acid, 140g

} Premix
20 85% phosphoric acid 60g

In a 10 Hitre bucket, all above components except the acid blend were mixed
together and warmed to 30°C. The acid catalyst blend was added, and the whole
mixture stirred vigorously for 30 seconds. In less than 1 minute, the liquid mixture
started fo expand rapidly and the temperature of the mixture reached 100°C. In a

25 short period of time, a plastic body of foam was created, with an approximate
| volume of 9 litres. On the same day a sample was cﬁt from the foam, weighed and
measured and found to have a density of 151kg/m’. Expanded'polystyrene beads
were clearly visible on all cut surfaces, having a diameter mostly in the range 1 to
2mm. The estimated average size was 1.5mm, corresponding to a volume of
30 1.8mm°. As the average volume of the unexpanded polystyrene beads was only

about 0.05mm’, the average expansion was 36 times the original volume. Thus, as



30 1.8mm . As the average volune of the unexpanded pol ystyrene beads wa
only about 0.05mB, the average expansion was 36 tines the ori giQﬁa 08/2005
vol ume. ThuwoO @2684208/ 2005 WO 02/ 064672 PCT/ AU02/ 00152 12 poE/Adpmenitszc
density of the unexpanded pol ystyrene beadslyvas 1000kg/ nB, the average
specifi:c density of the expanded beads was cCal cul ated to be 28kg/nB As the

wei ght percentage of polystyrene in the mxture was 200g: 15509 = 13%
fol lows that theespasifft densifyont ithe omespryded Rol¥stiemed bpads) asofl 008kg/an nathe

Eafﬁii?;ﬂ et orisReEe IRIRE dateinn 8, g exppuid BEAR.RE: (TesAeqa B ket As
DOy SV e BRTallER, PR SRR B e BRERURCaddsssl 1%
of 71% The cfHffiohRatRasthEaRSighRTofifonthii 8P!pdlystisenR! weiildbb Iﬂ%mﬂﬁe%smgﬁﬁﬁﬁ-:

yet the 10 foamwould not nelt and burn |ike polystyrene foam

subj ect ed o 20Kg. dfthe wdighipdreet dftthe phzaolidt/Eutanl podymer phasdwaeichlendated to be
hi gher pol ystyrene content A foamabl e m xture was prepared_using the

fol I owi ng f or¥ifeat ieh tha mverageospesitie slensityrofg the |expandery polystienenbeadsowps
Pol ystyrene beads rad acel 4940, ex Hynt sman Fur fur Al ¢cohol | 00
Terl o Cro (sdpuiafl Palutig do i 40kEEuy he cPeEh ckenbroml Mo FepLselt a

1409 20 | " Prfih 3 phasphog ek & G0 dcn Lrtmgp bucket  al | “above

conponent s except the aci were m xe t oget her "and warned to 30C.

The acid catal yst Theadt feanadeRde widnéhirialellike prist artephéridieetbams, yet the
vigorously for 30 seconds. In less than 1 mnute, the liquid m xture 25

started tt0 edpamdwerls] ndsmekidndura dikppodysiyeensifoanewhier subjecteshiche Jamso C.
In a short riod.of time, a plastic body of foamwas created, with an
approxi mate MRl &f 14 litres. A sanpl e was cut fromthe foamon the
same day, wei ghed 1ia0dyORARINfiAR thOUet OF RRHer PoflRRiehy cBheedBk/ M8 A

mul titude of expa _
A foamable mixture was prepared using the following formulation:

Phenolic resin, ‘grade IL - 1737 ex Huntsman 1000g
15 Polystyrene beads, grade Spacel 4940 ex Huntsman 400g
Furfuryl Alcohol 100g
- Teric C12 (surfactant) ex Huntsman 40g
Perlite 10g
75% phenolsulphonic acid 140g

20 } Premix
85% phosphoric acid . 60g

In a 10 litre bucket, all above combonents except the acid blend were mixed
together and warmed to 30°C. The acid catalyst blend was added, and the whole
mixture stirred vigorously for 30 seconds. In less than 1 minute, the liquid mixture

25 started to expand rapidly and the temperature of the mixture reached 100°C. In a
short period of time, a plastic body of foam was created, with an approximate
volume of 14 litres. A sample was cut from the foam on the same day, weighed
and measured and found to have a density of 98kg/m3. A multitude of expanded
polystyrene beads were clearly visible on all cut surfaces, having a diameter mostly

30 inthe range 1 to 2mm, with an estimated average of 1.5mm.

The weight percentage of polystyrene in the mixture was calculated to be



pol ystyrene beads were clearly visible on all cut surfaces, havin Z ‘
dianeter nostly 30 in the range 1 to 2mm w th an estinated aver(g@ 08/ 2005
1.5mm The wldioghkicper cent age of pol ystyrene in the m xture wastaabnesi18t ed

to be 04/08/2005 WO 02/06 4 6 72 PCT/ AWO2/QP152 13 23% and the volume
percentage to be 81% The wei ght percent of “phenolic/furan polymer was
calcul ated to_be 77% The_ cut foam surface was not friable like prior art

phenol i ¢ f oand3%yandithe volummprseaniageoto bl %andhpuweight perqestt gt pherelec/ famm
when subj ect ed 1to a flarzrﬁ. %@a@laﬁ Thi s exanpl e shows the effect of a

hi gher |evel BMYFEMAYFAQY LG E&B ting in more expansion and thus a

| oner density of f L S,€ Iels tE . - '
resin. 1000g Pheno?lﬁ%nc}lggdl)%,n %’?g%eee‘ﬁg 583%%&%]5%&??%&*}% g’@%’?/@;cy?oéa&]gg ’bg%dtsh,e
grade Spacel f3fDwenldiHet siEteHiOsumUikesolystitst fab® QthehdubjecdtdPto a flame.
(surfactant) ex Huntsman40g Perlitel Oy 75% phenol sul phonic™ acid 1409 }

Prem x 85%phBsminglé 3 Acid 60g In a 10 litre bucket, the resin,
pol ystyrene beads, furfuryl alcohol, Teric Cl2. 10 and Perlite were m xed,-

d
and the m x war medis e3guipleishowsithe eHest 9ka bighesdevelsof wstnryljaleghola sasultiag
whol I xt ti d vi Ly f 30 d ln_I t h | Nyt
the ©iquid e Sraatst ad s Riover AGRDLHfotte: (s erammeaBe itrates
m xture increggs bP a3t resfh. @ short period of tine a plastic body of foam

was created V\ntﬁgean approximate volume of 20 litres. 15 A sanple was cut

from the foarPlenolibeesiangradieyll w73t Hoatsieasured and found to ha_vewoog
density of 74kg/ nB8. Four weeks |ater the saﬁl e was wei ghed again, show ng

a wei ght | osPAdystymnedwadsspiadaiSpgceli M 0ex Buataeai ty of 67 kg/nB. |t 408g
i kely that %eFngti%qtlganss was made up nostly of excess noi sture and 150¢

possi bly the ng agent in the polystyrene beads. Expanded
pol ystyrene rerc 12 (surfactant) ex Huntsman 40g
Perlite _ _ 10g
75% phenol sulphonic acid 140¢g
} Premix
85% phosphoric Acid : 60g

In a 10 litre bucket, the resin, polystyrene beads, furfuryl alcohol, Teric C12

10 and Perlite were mixed, and the mix warmed to 30°C. The acid catalyst blend was

then added, and the whole mixture stirred vigorousty for 30 seconds. In less than 1
minute, the liquid mixture started to expand rapidly and the temperature of the
mixture increased to 103°C. In a short period of time a plastic body of foam was
created with an approximate volume of 20 litres.

15 A sample was cut from the foam on the same day, weighed and measured
and found to have a density of 74kg/m>. Four weeks later the sample was weighed
again, showing a weight loss of 10% corresponding to a mature density of 67
kg/m3. It is Dikely that the weight loss was made up inostly of excess moisture and
possibly the pentane blowing agent in the polystyrene beads. Expanded polystyrene

20 beads were clearly visible on all cut surfaces, having a diameter mostly in the range
1.0 to 2.5 mm with an estimated average size of 1.5 mm, corresponding to a volume
of 1.8 mm>. As the a{rerage volume of the unexpanded polystyrene beads was only

about 0.05 mm’, the average expansion was 36 times the original volume. Thus, as




20 beads were clearly visible on all cut surfaces, having a-dianeter rm/st
inthe range 1.0 to 2.5 mmwith an estimted average size of 1.594%@8 2005
correspondi we d2@meds7gol une of 1.8 nmmB. As the average vol une pefr/Ateernois:
unexpanded pol ystyrene beads was only about 0.05 m®B, 't he average

expansi on was 36 tines the original volune. ¥hus, as 04/08/ 2005 WO
021064672 PCT/ AU02/ 00152 14 the specific density of the unexpanded ,

pol yst yrene btedspewafic 168itiygofighe tirexpandedpelypgipeinti beafisnwias y1 000 kpbm®, the
expanded beads was cal cul ated to be 28 kg/ nB. As the weight percen{(gj%g3 of
pol ystyrene i avarpge apsgiticalensifty sfohe: expandeyl beadsyvas caloudated g berk - As

fongl ty o s niecy Bl R Eehes pr b Sl TR 8 W A2l BDORP H it
= 3
Do, e HEIGHY L e AP SEROREANGE BoliRbyteRe Youlll B SATEETLE, As

ratios, ths camnpebiffc démy SLebRndas polaestens beaddias iptevidusiy! ckdulagieto
f oam phase repreSenting 22% 10 by wei gh? b}ﬁsfﬁw% by vol unpg, and9 '

a
phenol i c/ fur e_repr nt i.ng.,78% b i ght _but . d6l vy .43%3b
Dot une. The peASrPrs e er et akd i Femaontdl Phapbhf 2 v 0o ih: ko vlpme
density of 00.43.78x74 kg/nB = 134kg/ nB8 (before |loss of volatiles on
agi ng) . Thus, fragticthoB5%%se, the density of the phenolic/furan foam
conmponent was found to be 134 = 4.8 tines higher than the pol ystyrene.foam
28 15 density. Thellws, expaeasedrinsesmacef bok wWelghand velups rafiosthe spEmmsite
nel t and _.burn_ L.k ne_foam

Subj eet ba. to e} S B bed TR, corfRiE b aBriR tinl pRaf AR 22%

quarters b t Shicba pReAbHEAuERCR, PRIpYSeNfiaRe7
f oam m@% o‘%ﬁi"‘iégéﬂétﬁ“tg%gf’é?@%ﬁaz rrae tsﬁgn t hen gt&}rgrgggsv\her?)lsubj e tegd%
to a flame. Bxpmpightt bibioalexBth| ey shvdumet hdhel phérolivdfigab|foato component was
phenolic resin without the presence of a surfactant. 1000g Phenolic resin

Cascophen PA 2027.€4 BohAR"a SPRSH: 494%yesr @z%ﬁme% 134kg/m® (before loss of

volatiles on agihg‘). Thus, in this case, the density of the phenolic/furan foam

component was found to be lzg'giz 4.8 times higher than the polystyrene foam

~ 15 density.

The cut foam surface was not friable like prior art phenolic foams, yet the
foam would not melt and burn like polystyrene foam when subjected to a flame.
This is surprising considering that about three guarters of the volume of the
composite foam was made up of polystyrene foam, which on its own immediately

20 melis and then burns, when subjected to a flame.

Example 4

This example shows that it is possible to foam a phenolic resin without the

presence of a surfactant.

Phenolic resin Cascophen PA 2027 ex Borden 1000g

Spacel 4940 ex Huntsman ' 600g

75% phenolsulphonic acid _ 80g
. }Premix

85% phosphoric acid ~ 60g

In a 10 litre bucket, the resin and polystyrene beads were mixed and warmed



75% phenol sul phoni ¢ aci d80g Prem x 60g 85% phosphoric acid In a | itr
bucket, the resin and pol ystyrene beads were m xed and war ned 04/1(8%/9@@005

WO 0 2/06 4,@?]32,0(3@'2/ AU02/ 00152 15 to 30C. The acid catal yst Rlengoissz
added, and the whole m xture stirred vigorously for 30 seconds. In-less

than 1 minute, the liquid mxture started t8 expand rapidly, and the
tenperature of the mxture increased to 102C. In a short period of tinme, a

pl astic body tef36%€am Tae scidatsdiywttblead waprakiedntaady deinphole miR@irt i stireed
A sanple was cut fromthe foam weighed and neasured and found to have a

density of 6Migsnessiyrbur 30sekondsit dn ldse thamyl imate, \he Jhquidapintare siantedi ty
a weight loss of 10%.corresponding to a ture.density of 55k t i

li kely that pﬁg@émﬁf’,@@? ’%ﬁsteﬁ%ﬂa?éa‘%}ﬁe Egﬁq JPIpure Judeas ﬁ%?@%-ahaﬁm
possi bly the t _hl oW Ng: ' 0 r e d
PSS DL Y £ peBRH' gkl RIS of BodSuBoLioH BIR AE Ao e or
di anet er EDSHHYinds, t @?s&ﬁb&ev@%%ﬂt%gﬁﬁ@?mﬁﬂew@iﬁhbﬂ%ﬂjﬂ@&%&%nﬂ fduntfo
1.5mm corresponding to a volune of 1.8mB. As the average volune of the
unexpanded phhystay densitpeasfd61kghnonl Fombwetko Jammte sameplevemsoweizhpd nagain,
was 36 tines the original volune. Thus, as the specific_ density of the

unexpanded 15hpwingayyaight ksaed Mk coosorendiag to memapueidansity ef sikg/wf. dhis
ded b | cul ated to be 28kg/ nB. h i ght. | t
e e el A st Bobgnadhsh Bt el b S8 T8 e

wei ght corrpoggl?&m : SBARf 61kg/rn3 = 21kg/n8. As the
specific density %Pl@ﬁ?%%%lgzééhé’g%}g?{?%ene&%éads was previously :
cal culatqg to be ERjande ?@llyeqmeﬁ@béac&lweréﬂ@aﬂjd vistBler@pak sansurfiaces| ha¥ngfa
21= 0.75n8, ie. a volune fraction of 75% 28 Thus, expressed in terns o

bot h wei ght dintnater umesthyain dbe nange cbipies 2tSe mmoarhbgoestimbteddavaragd sizeavas
i si, | yst f h i ngs 34% i ght bpt  75%

Vol e, and A 3in corespoaig B velis T Butso, Ay o GHESYOLERY i

b lune. T icof ifi

Y oL e TUgRUSRR Loy RO SRR, P SSBLCODLA e R3cRLExaniSt Wis

36 times the original volume. Thus, as the specific density of the unexpanded

L€

15 polystyrene beads was 1000kg/m’, the specific density of the expanded beads was
calculated to be 28kglm3-. As the weight percentage of polystyrene in the mixture
was 600g : 1740g = 34%, it follows that the weight component of polystyrene

~ would be 34% of 61kg/m® = 21kg/m>. As the specific denéity of the expanded
polystyrene beads was previously calculated to be 28kg/m>, the weight 21kg should

20 represent a volume of %z 0.75m’, ie. a volume fraction of 75%.

Thus, expressed in terms of both weight and volume ratios, the composite
foam could be described as comprising a polystyrene foam phase representing 34%
by weight but 75% by volume, and a pbenolic foam phase representing 66%‘by
weight but only 25% by volume. The phenolic foam component was calculated to

0.66x61
0.25

aging). Thus, in this case, the density of the phenolic foam component was found

161
tobe —
28

kg/m® = 161kg/m® (before loss of volatiles on

25 have a specific density of

= 5.8 times higher than the polystyrene foam density.

The cut foam surface was not friable like prior art phenolic foams, yet the

foam would not melt and burn like polystyrene foam when subjected to a flame.




0.25 aging). Thus, in this case, the density of the phenolic foa onen '
was found to be 28 = 5.8 tines higher than the pol ystyrene foamn@gzg&&OBS
The cut foawgosarrdbesze was not friable like prior art phenoli crtusmoyet t he
foamwould not nelt and burn |ike polystyr e?g f oam when subjected to a

flame. WO 02/ 064672 16 04/08/ 2005 PCT/ AU02/00152 This is surprising
considering that three quarters of the volune of the conposite foam was

made up of polhist isr smprisimgneonsidaring iphatt threpnguarterseafi Geevglumes ©f thedompasite
burns when supjected to.,a fl

., Exanple 5 5 This exanpl e shows_that the
process of t w@@@&@%@@@ﬁﬂ%ﬁﬁ%{e%ww %éfa[%@ncgﬂgm%t Yf’@&rFF@Pd
very | ow densjty,, 1. I 0, kg/nB. Phenaolic resin, grade |IL1737 ex
Hunt sman 3,00@%%“’@?%@&8%%@%3 1 ex Foseco 1,200g Polystyrene
beads, grade ﬁ@le 740 ex Huntsman 3,900g. 10 . Ammoni um Phosphat e 600g

I d,

50% sul phuric ac 70g | Prem x 81% phosphoric acid 270g 50% hydr ogen

peroxi de 69g 15 | nThisxampleshbwskihbt the predess éfithe presaitiiavbagon iche be used to
phenolic resin, furan resin and pol ystyrene beads were m xed t,oget her and

war med to 31 @odunhe cauipesitafoedmof vepy dowidensity igd trss, tham dOkgfmihol e mi xture
stirred vigorgQusly for.L 45 s ' T pl astic bag contaipipng the m xture
was then pul I&C@F@Fl%ﬁgmgéy etxgﬁgpsgq,gnt he foam expag. to take

pl ace W|thout]?%(ﬁﬁﬁ@{%é&gm%%aggﬁmgwl on was 20 essenilzq\jd(,y conpl et ed

in | ess than n ours a sanples was cut an& found to '
have density p@lygé,!f@{m@eadgegﬁag@aﬁel PUAVe R HinfmBad oW densig,gro@%‘_ne cut foam
surface was not "friable like prior art phenolic foans, yet the Toam woul d
not el tiGndAmmonitkePhotphate/r ene f oam when subj ected to a 60@ge. This
exanple incorporatfes a cogmercially avail able furan resin, fire

r et ar dant ancﬁ(g‘%#@imm% the | atter being an exanple of tives that

I ncrease the exotherm c heat gener Gﬂemix

81% phosphoric acid : - 270g
50% hydrogen peroxide - 60g
15 In a 25 litre bucket, lined with a plastic bag, the phenolic resin, furan resin

and polystyrene beads were mixed together and warmed to 31°C. The acid catalyst
pre-mix was added, and the whole mixture stirred vigorously for 45 secdnds. The
plastic bag containing the mixture was then pulled out of the bucket, to allow the
foam expansion to take place without major comstraint. The expansion was
20 essentially completed in less than five minutes. After 2 hours a samples was cut
and found to have density of 25kg/m’. Remarkably, even at this low density the cut
foam surface was not friable like prior art phenolic foams, yet the foam would not
melt and bum like polystyrene foam when subjected to a flame. This example
incorporates a commercially available furan resin, a fire retardant and a peroxide,
o5  the latter being an example of additives that increase the exotheﬁnic heat generated
by the process of the invention. |
Example 6
This example illustrates the ability of foam of the invention to have a
“memory” of its pre-rise shape.

30



by the process of the invention. Exanple 6 This exanple illustrat e :
a%i lity of foam of the invention to have a "nenory" of its pre- rqeiébgk(a?p%()f_’
30 04/ 08/ 26056 62A3662/ 064672 - PCT/ AU02/ 00152 17 5-Phenol i c resiyavonsase

| L1737 ex Hunt sman30, 000g Furan resin, grade NBB 101 ex Foseco6, 000g

Pol ystyrene beads, grade Spacel 4940 ex HunpsmanlS,OOOg Anmoni um

phosphat e2, 700g 50% sul phuric acid, 2, 700g | Prenix 2,700g 81% phosphoric
acid Into a Renblicresids gnade Relphéasiluntsegin, furan resi B0,880pni um

phosphate a ol ystyrene were added, m xed and war to 27C. The '
acid catal ys&dulgnﬁg%g?aa%ﬁgéb?xfﬁe?%e whol e mi xture ﬁ&@%d vi gorousl y
for 40 seconds, ; ed | C |_box of size X 600 x 300nm
(length x wi g%rb%ﬁﬁ%eg%%%’ gq'ﬁ(ggg%x ]V@;ﬁbéfgﬁggm%w% a pl astlgg&gq%et, and all
four verti calpaaisdSiRpRatet . allowing the sides to bef d out to a
hori zont al pésition-, \ill.%e.Presti ng on the floor. The four s’?%e of the box -
wer e hel d& n58% sulphual apiiki tion ({0 forma box) until the 100gi se
comrenced, which occurred in |ess than one mnute. The sides of the box

were then left unsupported, and wefePgemikl y pushed out to a horizontal
position by xpandj ng., foam Remarkably, the unsupporte Qé)oam kept
expandi ng i nsi%f’ﬁagfﬁﬁici”%}é, appr oxi mat el y. mai ntai ni ng i t:-)ji %-rise shape,
ending up in a fu 6]&9??!'9!1 hze.. 1. 0,.6m. . Ravi
al most verti cal s!ﬂéi%ésaf.l qﬁasarrp_ e o%&ﬁ?@&f%%%%mfgg&cﬁﬁ%n %Our%%ﬁﬂﬁ%hgt%
density of 4gK@/ptlbystiene Headslvfdre addeasmikéd afd Wansdd {d 2780d BieOREiId¢athRRt
i nvention may be readily effected by persons skilled in the art, it is fo

be under $0ooprarhi wakadded,camd dre whole anixitine stiaded vigdreuglyrfiorcd0) aeconds, then

enbodi nent describped, b f ex | e, _herej nabove. ) .
! p(s)uredb mto a c%nﬁ/)%%rg box of size 600 x 600 x 300mm (length x width x height).

The box was lined with a plastic sheet, and all four vertical corners were slit,

allowing the sides to be folded out to a horizontal positioﬁ, i.e. resting on the floor.

The four sides of the box were held in a vertical position ‘(to form a box) untii the
15 rise commenced, which occurred in less than one minute. The sides of the box

were then left unsupported, and were quick[jr pushed out to a horizontal position by

the expanding foam. Remarkably, the unsupported foam kept expanding in all

directions, approximately maintaining its pre-rise shape, ending up in a fully

expanded block of size 1.2 x 1.2 x 0.6m, having almost vertical sides. A sample of
20  the foam was cut and found to have a density of 42kg/m?’.

Since modifications within the spirit and scope of the invention may be
readily effected by persons skilled in the art, it is to be understood that the invention
is not limited to the particular embo&iment described, by way of example,
hereinabove.

25




25 PCT/ AU02/ 00152 0O 4/08 /2005 18 CLAI M5 1. A polyneric corrp05| t?’dl‘?ﬁ’ﬂozmolsz
conprising a continuous phase-of a phenolic or furan polyner and a

di sperse phase of foaned pol ystyrene pol yner wherein the conposit 4683005
prepared by catalysing a |iquid foamabl e ci@mposition 5 conprising 5-50% w w

of foamabl e unexpanded pol ystyrene beads and 50-95% of a phenolic/furan

resin wheregpAgssai d catal ysed foamabl e conposition achieves

tenperatures sufficient to polynerise the phenolic/furan pol yner and expand
the polystyr eneAppd)Iyrm:nommhpusute fopm congpridieg apphtinabuophade @i pheradlihent

or energy sources. 10 2.. A pol rrerlc co osite foamas defined in claim1l

wher ei n t'heﬁmngmlyrrwéra@@n@ @ﬁpﬁp‘éﬁ afelgsaednpolystyrene RIS iWkeTE GRS S
in the range 5- pol yneric 05|t f oam as _de ed | claim2.
wher ei n' ¢ hecomPgie o * Brepatret oF y Seiplisie p%| 3&8}3 4ble o ppEcs ion
foamis %0- 0 ,
ol i ms 10t o IRz ?@0“{*‘%%/%022%%2‘.’%%4&?0 EhAc HEIgEREnE el pflE 0050 of
- 200 kg/ nBy phenblib@lnaierdstn GelileRi e Sdidneasiysal Im@&l;abrb @bﬁdp%‘sﬁdﬂﬂ%}ﬁbﬁes :
the conposite foamhas a density in the range 25 - 50 kg/.nB. 6. A

pol ymeri ¢ cemmsatuees safficientdtl pobunénisec e phenolivéfizran polgpmeo udsexpand tem
has a density in the range 50 - 200 kg/nB.. 20 7, A p olémerlc conposite foam
as defined p@lyawe%@omn@q sithout requising, ghe pppligationyak eatsrank h@%tn%éaym
in the continuous phase is foaned . 8. A steel clad insulation panel having
a core of a%??ﬁnerl C corrp05| te foam conprising a continuous phase of a
phenol i g4f uzan PRI KERmER Rl FouRNas defihed 'iAABRATDY SN heP Vel
wherei'n the wei ght | o of pheno uran polymer to 25 polystyrene 1S at

least 1. 9. e%csﬁﬁﬁlpdyﬁgrenwpdlgm@nnﬂwed)mpsswbsfoammb imtlel ahpge 8-Sherei n t he
phenol i c/furan poI ymer is foamed. 10. A nethod of formng a nmass of

pol ynmeri ¢ chnposét polyseene seprpasiteg foaga cas gledined qul ﬁlmlﬁa@am}@r@@r@@smlgm
conpri sing 5-50% of . f pamabl e styrene ads 0-95% of a
Shenol © of f uperertat the Sty SHireas pobyRge REs A tie foaim is T4l °°

4, A polymeric composite foam as defined in any one of claims 1 to 3 wherein

15 the composite foam bas a density in the range 25 — 200 kg/m’.
5. A polymeric composite foam as defined in claim 4 wherein the composite
foam has a density in the range 25 — 50 kg/m’.
6. A polymeric compdsite foam as defined in claim 4 wherein the composite
foam has a density in the range 50 — 200 kg/m’. |
20 7. A polymeric composite foam as defined in any one of claims 1 to 6 wherein
the phenohc/ﬁlran polymer in the continuous phase is foamed . |
- 8. A steel clad insulation panel having a core of a polymeric comp031te foam
- comprising a continuous phase of a phenohc/furan polymer and a disperse phase of
foamed polystyrene polymer wherein the weight ratio of phenolic/furan polymer to
25 polystyrene is at least 1.
9. A steel clad insulation panél as defined in claim 8§ wherein the phenolic/furan
| polymer is foamed.
10. A method of forming a mass of polymeric composite foam comprising
adding a liquid foamable composition comprising 5-50% w/w of foamable
30 polystyrene beads and 50-95% of a phenolic/ﬁlran resin and an effective amount of

a cafalyst to a temporary mould in the shape of the mass and rermoving the

AMENDED SHEET
PERAY



a catalyst to a tenporary nould in the shape of the mass and r enoRCTATOZ/00152
AMENDED SHEET | PEAI AU PCT/ AU02/ 00152 04/.08/ 2005 19 tenporary m)LHAZ Q{io%rs
the liquid conposition commences to expand, and wherein the said c ?a yséd
f oamabl e conposition achieves tenperatureggsufficient to polynerise the
phenolic/furan resin and expand the pol ystyrene pol ynmer w thout requiring

the applicat] . : . - ;
deri ned i nonBPmTY GEERE BRer ARClilic ERTUMIA ERferes o ApFRY iR Shrcrein
moul d, whi g O4i@r camiystddgbameble! onspitowl adhieven mpapetftufesaruffitient to
expansion. 12. A nethod as defined in clains 10 or 11 wherein the
phenol i ¢/ f pobymerisé the phenolinéfuran tesiis and ergiapdethiec polyspasne golymer awithout
defined in any one_of clains 1 to 7 erein the catal ysed foamabl e
conposi t i ofieqiispgdhe applisagen ob external heab g1 pReiBYSOMBFRFosi t e f oam as defi ned
in claiml3. wherein the ca d foa e co si.tion reach t t
90C. 157 A?iBol y&ﬂ?‘%ﬁ‘egﬁo‘i‘?afil‘%e%ﬁ&a%%rﬁgﬁ‘ﬁé e sempordry MRNILE PlaRed on
cat al ysed 5 bt : %‘?aﬁfe MELf
conposite oaon‘ﬁﬁg]g e Ilahggﬂ?lg%g%‘q%g{elﬁggggﬁ%?ﬁg 0 %p{a}fr%dc‘;llgmﬁtt&g%ﬁ fier
conpri Si NgegpPaehli ve selected fromthe group consisting of fire
retardants, ~expandable graphite, intumescent agents and fillers. 17. A
pol yneri c d@npo# meethodrasadefinefd imedlaims di0aori 1 6vhereirethe phendli¢/Birapgesin is

retardant rel eages ammoni a gas when exposed to fire. AMENDED SHEET
oamed.

10 13. A polymeric composite foam as defined in any one of claims 1 to 7 wherein
the catalysed foamable composition reaches at least 80°C. |
14. A polymeﬁc.composite foam as defined in claim 13 wherein the catalysed
foamable composition reaches at least 90°C.
15. A polymeric composite foam as defined in claim 14 wherein the catalysed
15 foamable composition reaches at least 100°C.
16. A polymeric composite foam as &eﬁned in any one of claims lrto 7 and 13
to 15 comprising an additive selected from the group consisting of fire retardants,
expandable graphite, intumescent agents and fillers.
17. A polymeric composite foam as defined in claim 16 wherein the | fire

20 retardant releases ammonia gas when exposed to fire.
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