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*166166* Ny OPEN- CELL FOAM Al Imu MAKI NG The present inventi ot 2 JUN 2002
‘relates tQ an oPen-ceII f oam 1 i rticularly, to an S ;ms{]oam
havi ng a 48P 2abl e | evel of opsfiseel I's, and a nmethod of neki'ng such ats,
foam The art has recogni zed that using blends of two thernoplastic resins «
in the formation of f abl t al dvant ageous
properties of each rQ&ﬁﬁMBﬁ&W%ﬁfgmgkg‘ﬂ% | e, foans forned
from pol ystyrene are |ightweight and exhibit rigidity and good shape
retention, while foans formed from pol yol efins have O flexibility and good

i npact absor biThg pedseneirivesiton relid\e an dpesedil fshn) @hd floeé hﬂ'tiaﬁﬁ:lp,(lb)@t yrene
resins has been conplicated by the inconpatibility of the two resins.

At t enpt s openeclbfnam haniag esontoeliable level afrapengells, mnd 2 methedifireaking suehtahe use
of cogpaifi bilizers such as graft or block copol yners which inprove adhesion
bet wveen Pt wo pol yner interfaces. However, it has been found that even
with the use qfhe%n?lﬁs?r@%‘iieﬁ'tﬁdt%@fngﬂi&ﬁfso?%é(iﬁ%ﬁnbélﬁiﬂisregﬁsﬂpﬂhlém efins and
pol ystyrenes are difficult to forminto good quality open-cell foans by a
convent i domatiortof fiozirns may enalsle oné/sobthinghel edvantigyonspromeaties ¢foranie teshy

extrusi on processes_result in f? exhi bi ti_ng pqor skins, _unev_egt cel |

> a
di st ri but® i, resiting foam. oForgxampls, foams,jormed fTom polystyene atsclightyeight and ngj n) y

due to the fack i ' ¢ US) t f oan
%t enpe tapbRHEdEPind bb0d habl ferdiioh RHEP (RACRTed SOR dotyolBhind e’ P2 N9
f oamyp andiekitslidy @adgo8d i QFRG ABidbRIg PO N HoWEves Bléndingpelyblefiiahd nar r ow

for the formation of open-cell foans. Thus it would be desirable to be able
to provi gelystymnsaesinghns hegnicomplicated by theiingempatitility of ¢he wyareesinen of a good

lity f t h b 0. f th I .
Por exanpl e, Ately iy Behanada lo anive i® incospatiiiin’ rebiemn vl Bewifoduct | on
of open- ¢8lipafiGifisEs BYciihs Eraktlor BIRR BPpOIFRREs whichinprovk 88Kesitin Wv¥a! theene and

pol yethyl ené resins, by Irghtly crosslinking the resins with a peroxide.
However , twheobumtrtinterfacds. sHowesver,iitiasrheern fourdehgreyerewithithe wsecafimpl ex as t he

eroxide is highly reactive. ddition, .the resulting fo has a | ow open
el | 16 o compatiblizsr mcat nolyicr blends of polRolsis and g ishseRas 256 ARBPGLI ho 30

oam i h arsAto B Ui opshsUP ains ) SRURILAHAT RS R RBdr oM ™ ©
pol yst yr élended pblytnerdparns fimed by@xtrusion pheceses wshit irgfoanaraxhibiting peore a
hi gher conpressive strength, making the foam nore sujtable for_construction

appl i cat iskH5. uneveneell distnusiopepartial qollapss. PoWedhmedianicsengl Bas pen cel | s
SO as to ARHHENE th t}fe %%? a?é‘frk%salﬂg gﬁtggsﬁ% hgogess%ok{u%l f&gl?gielw . 5,411,687

;
(D. Inmeokparra et a desc open ce aromatic

pol yer fieaperatired\bliags a 2rifivallreietin e Re@ation 6f agasd qualigofshmlasd e Wi th a
foam ng tenperature from3 to 15C higher than the hi ghest foamn

t enper at dpamingrtempergrure spngsdem gvindewads extremely aprow denthe fergnationgh ext r uded

I f i . | 0 . 80 . 10 U. S
Patent - NSPeB 28 AL TR ERARIAER desliRble ¥ be Bbie ontofidd A HAE FPiing) e | ng
an ext r udgdlpEiaRie fRbk tF AP Ridndtias ofh §66Y hufPeakd.c pol yner foamin which

a nucl eating agent s used in conbinatiron with a bl owi ng agent which has a
rel atively hi ghttémptsihage beenumadeatoi coyerqomessonmedf these arobdemsinkForsexampleznough to

al l ow forymati.o f_-an en | J,-St.rycture and a. rel.atively_hi f oam ng
Femm st gk, inl-& Pt NS s 6038258 cRed e, AR ucHion o ppen-Sell B B Pan ouen
cel | cont&lls ! I f size of 70
m crons or Ie@éﬁ%%%gi’ie&g?zﬂg@ggﬁa&mt o@%ﬂéﬁﬁgﬁé%#f%gx cel |

f or mat i orcrosslinking thd esihsotitied peroyide 2 Howedveer, tippddditon ofacbergriiomakesahe wei ght
percent of an ethyl eneic copol yner havi ng{ a Vicat softening point of |ess

than or duoesss mereoumplexas thesperoxide highlyyeactives I additiopathe repiglting:r | use of

i nconpat i | yneri c eri.al.s su L n ] eni ng
agont " at OHE Boa iR gore fEn BitfreoR E BT T P PUvesRE efetfise B 1 oam
body,30r eSHhjos Fl@asé' of &e WleAd.| RRvould bé &dvaintdeR66s e labletto alakk REfohmanmwhidius,
there is still a need in the art for a good quality open-cell polyner blend
25 foamand to a process for making the foam which provides a w der foam ng
t enper at ure wi ndow i nproved surface qudlity and a cont e | evel of
open cells. The present invention neets that need by l@%ﬂﬁm open-cel |
f oam prepared froma blend of an al kenyl aromatic polyner, //
substantially random i nter pol yner G000+




30 and an extrusion process for its preparation, wherein said foam hdd HN 200
controllable level 2 .1 2 JUN 2002 WD 991 47592 PCIN599/ 05706 of open-cells
and said process far nmaking the foam provides a wi der foam ng tenperature

wi ndow, revoldismg2i n a foam having i nproved surface qual ity REEIUS899/05706
controll able | evel of open cells. Definitions 5 All references herein to

el ements or netals belonging to a certain Goup refer to the Periodic Table
of the El goRBiyPerRUStHeSRgdr pitide SO Mkt ﬂﬁh&ﬁﬂtiﬁ%fo%v@ﬁl@&ﬁwe aiMigher1989. Al so
any reference to the G oup or G oups shall be to the Goup or Goups as

ref | ect edcomprelssive Feenghlimakingthe fofm mnse Bhitabbnfos casstrugtioh appligdtions.y ¥t em f or

nunberi ng gr s.,.1Q Any, nuneri val u recited herein inglude. all val ues
' om t ho POWEF 56, desipblerta Copst e lev e open Felipurtie apReyn e ARsirody ov: ded
that ther g %géﬁw ation of at |least 2 units between any |ower val ue and
any hi gher varue:AS an exanple, if it is stated that the amobunt of a

conpongnt or all8)PgtemtfNG 5p¥1Q@8IIDY Aheskpasia 8tiall) descritied an @xaiiédopen cell
tenperature, pressure, tine is, for exanple, from1l to 90, preferably from
20 to 80, alkenyipremptie pelymisr foam isrwisich aauglgating agent isrised ireepmbinatioawiths such

15 8 22 68, 43 1, .0 3 . | d i
Thi s spechAruBPEdRmBRars PR ke ighes el bR BRI R ° 1"
consi der ed chRefRningUdsed Lel} fdand, rEsuliinPin 4 ektrdileROPEPRII BEF haVifSen ar e only

exanpl es of what is specifically intended and all ‘possible conbinations of
nuner i cal operl cadkcdmented 30 td80 percerdt val ue and t he hi ghest val ue enuner at ed

a5 5 T o e hstecBl e
et AT ey B B M B

subst i t ut agertychsedlih RbRbinatien Gith bidWihgt agent whikH has a rdlxtively highfiaténsic

hydrocar byl group having an oxygen 25 |inkage between it and the carbon
atom t o whhelpation pajential incareamountt smal eppughtoallewl fprmation ef apsepenwalkein to

I ndi cat e | yner, wherein.at. }east two different aners ar olynmeri zed
o ke« RENHREATEA iSO M torRite libetasys !y s bR an Al St The
term 49peBelf fldm h&AAE ah SpsS@Ml doRtedt Bf dAbdut N0l pERER o} &8 Ehd AYikRteRlilal €ast 20
30 percent open cells as neasured according to ASTM D 2856-A. 12JUN

2002 t WOcelbsizg 5620 RGTIIB90r BS706 The term "optimum foam ng tenperature” is
used herein to j,ndi f Qqam n e rature at or ove the bl ends gl ass
ransi i on t ensKPRH3RR5 fesclbe e ORAT catARcyILReR call STFGRORASE Eh t he.

f oam doesypay &Qlﬂeﬁﬂsﬁorxég%_ eﬁy{n@y &5 Lp &%Qﬁwe%g pgﬁee(teaf%nf ndi€"Pr i Si ng

bl ends of one or nofe a aromat 1 ¢ honopol , or copolyners of

al kenyl arcopeymer havingreVacat softeniggppgintoflessthan &eequal ar 8FPEt (sachmasioners with
one or_ nor qpol yneri zeabl e ethyl enically unsaturated conmononers (other
than &9 hngwg"‘BYl q%FWFarEv@ C,, a-olefins) , or conbination thereof with at

least one substaRtdRl use bRHABNpATHIE bR e materials such as LLDPE and EVA as

a cell opening agent at the foaming temperatures used to generate open cells in the

foam body, resuits a deterioration in the surface quality of the foam.
Thus, there is still a need in the art for a good quality open-cell polymer blend
25 foam and to a process for making the foam which provides a wider foaming

temperature window improved surface quality and a controllable level of open cells.

The present invention meets that need by providing an open-cell foam prepared
from a blend of an alkenyl aromatic polymer and a substantially random interpolymer

30 and an extrusion process for its preparation, wherein said foam has a controllable level
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10 The al kenyl aromatic palymer material may be conpgdsed solely of one or
nore al kenyl aromatic honopol yners, one or nore al kéhyl aronatic 12 JUN 2002
“copol yners, a blend of one or nore of each of al kenyl aromatic honopol ynmers
and copol Y¥O98/475892 bl ends of any of the foregoing wth a no®<IUS2H)$706
aromatic polyner. The al kenyl aromatic polyner material may further include
m nor proportions of non-al kenyl aronmatic 15 pol yners. Regardl ess of

conposi t i ofippénaeeliabidsaid processefor making the foamaprevidel a vdder foamsngyr eat er t han

50 and preferably gr&at er than, 70_wei ghﬁﬁé)_er cent al kenyl aromgtic nononeric

units. Molempsraue, apdow, resiting inehipamabiaying imprgyed sietace guality Andias conpri sed
entirely i nonmeric units. Suitable al kenyl aromatic

pol ymer s ?%%ﬂ&ggféﬁ%vﬁg%g@new%gggnd copol ymers 20 derived from al kenyl
aromati c CRAERARIGAES such as styrene, al phanethyl styrene, ethylstyrene, vinyl
benzene, vinyl toluene, chlorostyrene, and bronpbstyrene. A preferred

al kenyd ar onat iAdl 1efdrences hersingolelementscoranetiisihsionginguntasceimorap ieer émi cal | y
unsat urated conpo such_as CZ-6,al i ds .and,est .l ONOMEri c

dor  vat | viE Paactanty oHbe EfigetovBisbid mif PYE e B S RC RISt | ¢ 25
conpounds j of ARGy AlfersARAMAR GrA R rGoAFP QNS ke BEGuRG! Ghdups 361 d.

nmet hacryl ilg@a(tmﬂ&b e¥ﬁéa?:ry I C aciblé, marl efi gpaci d, 1taconi ¢ aci d,di’s

acryl oni t refleetedrinitie$ PericdidYable of therBlemghts asing|thd HJP £Chykteacfoy naimbering obut yl

acrylate, n-butyl acrylate, nethyl nethacrylate, vinyl acetate and
but adi eneBTOMPE- t erm "substantially random (in the substantially random

i nterppl ymer 30, ¢O 1:S] I i i I one or
more W00l of i n_ ASaRRIeGee VAR KRl Rl Bl ¥huics MRt M RRE YRR T one
or nore Viipikppef vatiidil iheleRRn@lofoRé Lkt PRIVIAERY thattherelid # BépdraticH of at least 2
cycloaliphatic vinyl or vinylidene nononers, or conbination thereof) as
used her eunitsrbetwsen anytlowkevalig and anythigheromlueh Asamaxample, of itdsistated that

i nterpol yner can_ be described by .t he.Bernou tatisti del _or by a

[ 1. |
first or BTN PHAFORBIERt Pra VAP Pf £ pTogass variable Suskay, Lot Ries by o C

Randal | i gerfbdrafifFe é&%&[%s%ﬁ%@éﬂr&ﬂl {00 prefrabiMNFodY20lg 80, Academi ¢
Press New York, 1997, pp. 71-78. Preferably, substantially random

i nt er pd| ymeore pekderally fromn3@in70vt is inthradedtbatpalues sochods ke §nt221to 48pdiht  of
vinyl aromatic_nongnmer in blocks of vinyl onmat j.c on r of re than 3
units. -Mot@3prik ‘8r3§l§F°y are;gYpressly &PB’GFW&‘W‘@S@B‘ECJ@%’P&%&E ivalugs g&"“i’ AF gh
degree of &l r.J.S i:Cl : YA ah it lh Cé i . that in the
carbon'" speoc e?% 0 tlghégséﬁg%fgn%gﬁ?@’??ﬁéb‘r’ﬁwm g{]p%ﬂ ﬁgérﬁ?%é peak
areas cor Mhegondionly exeémplee offaihat 8 Bpeoificatlylintended ardcalhpdssibie corabinations

representing either neso di ad sequences or raceni c.di ad sequences shoul d
not excee@f PumgHeal ¥aluepbetwaen theoyesy value apd shechighest valie snumsratedase 1| ene
and hi . 5 i VAR I . f pr esent

[ nveg?{Jonrﬂ’l(:g 38§£r1§é\%?§te° %eneﬁge(eé%l& %eqa%i %‘oﬂgr%aﬁg\ﬁ;?%g&gﬁlég{r{@%ﬁ%é | evel of open
cells. It is aThénérbehytifrhibye &fenipleyddbereiningdant enpaliphatic, ydiddlipasinf

maki ng such an_open-cell foam Additional applications for the open cell

f oans of @remMaic swhsubistituésd aliphatiey @ryl gubstituted ey¢lnaliphatic.diphatic substited and

fluid absorption applications. These.. and ot her features and advant ages of
the pr eseﬁf‘g)@ﬁ“i’ ﬂ(/é B%SWSPT“%‘a&fP@‘BE%%@ﬂPP%‘rom the foll owing detail ed

descripti on andrjeR&nPMiyanrsitarbytd:a" Feand B ByadfddhibyProp havinghmickyeesl | y random
i nterpolyner, preferably a substantially random ethyl ene-styréne
i nt er 86! yimkage betwedneingnd the carbonatqmoko/whichfibisrattachedef er abl y 25 pol ystyrene

foanms unexpectedly results in g .foamhaving. controllable cell openings

wi t hout adver selff e @e&em@%fgﬁ% Hifg}hefeg}’.‘ t@mdr%tmdw% rqlﬁaﬁéaséound to
a particul : VAR S [ ] | 5’12&1. | Aye o 1

i nt er pol yrrtgé ,&ﬁ%%m?%&%éﬁmaﬁobﬁé&%?E‘?‘}rﬁ&?%}%ﬁ Eﬁé STI Bﬁemwstlﬂagﬁgep al kenyl

aromati c popylyhders, ddpsiymerspeteel | opener by forming a nultitude of donains
in the allcenyl aroma:ti c pol yner phase of the blend. 30 The substantially
random i nt er pol Thedermitensn eeld Toamn| is sedblierein tp andiease a doam bavinggt rast 20 2 ~yN
z002

30 percent open cells as measured according to ASTM D 2856-A.
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WO 99147592 PCTNS99/057Q6 tenperature, remain fluid.even near the en&lzojfUN 0
f oam expansi on, thus providing the cell opening inktiation points. In the
preferred enbodi nent of the present invention of an open cell al kenyl

aromat i c M6 99MEF92f oam we have found that the anpunt of opeRCERISPIYING ent
increases 5 as the level of substantially random et hyl ene-styrene

i nterpolymer interpolyner is increased, thus allowing the | evel of open
cells to be cdhetehl taptinoum fémming emperatyog] is ciatd bereinRorindicata lafoamningal | y

random et hyl ene-styrene interpol ynmer foam we have found that the amount of

open cel terapssRiaTsation abayvestbe blends glass frangition temneratyle o TRSHINE PoisbMlther | s

i ncreasegv.m'thj;uyfangyi&)whri] Q?ozirﬁ\ég%s &;t ol ecel s to be controlled for the
10 desired applTeation. For exanple, a partially open-cell foam (for

exanpl e 20-50 percent open cells) is particularly suitable for applications
requi nng faster aging and greater foam dinensional stability, whereas fully
open-8el | foarfh¢finventioneppeeially qoaersdname comprising blands of osg ormprebe used i n

sound absgrption, fluid ahsorption, gnd filtering appl.ications. 15 W have
al 5o ouAlKeHEAOTAE erRppolamets of Repalymets falkeny barpHiats menerrs of y mor

al | ows 2 b iomerds Byt BORHR TrOrikd AR ank b ARGHE cBpQIYHfEtLAbIO! open-cel|
foans, it ha een necessary to 1 ncrease the foamng ténperature by 5 to
10C over etlsyignivally unssturanédedmononsersl (otherthardethyylege ok tineat-CeC), of-alefims)i,n or der

to encourage cell opening. However, such an_increase in tenperature often
degr ades of Gembination theggoftrith atdeast ape supstantially rapdpin intesROBEF ng

t enpegat ures gan,cause_foam cql | apse. d rap.d . f bl owing agent and
redugéd abi 11 [ B 3H°‘§$}°LR°3Y‘P8PF'8§“§§ mé%ﬁ%ﬁp%gﬁ%@iﬂ%g e PRt g
foam ng LAAGT RSMEES hEMBPSIHILEE ofi¥ bE Hidr®Alkehyl RoBaIcEsHolyReldABIeRPEAD! € | ow
| evel s and negatively inpaCt skin quality, resulting in a very narrow

f oam ng tespematawizach of alkenyltdromathhomopolythenuarnd ¢copolyrers, ardrtende ofr oduced.
By using the_sulstantially randgm 25 interpolyners a referably the

Subst anc Y P BEARGERITG WY & RevaIRaT eronEE PRbIRTe 1 6S Ak ST ¢ ho
present | lﬁ%@ri Qeﬁ,p&, L ; ndi tions as
t hose usgg in {rﬁdgergagg? for gf%gﬁggidgﬁbg?mg&g}ozgggP%%Im&;nggﬁbﬁ?g‘guI ting in a
wi densf ogpolymers. cRpgardless ef compbsitionthef atkenytl afomsaticrpplymepmatetiak es wi || vary

frombetween 110C to 135C 30 wherein the foanming.tenperature is from3Cto
15C | oweCOmpAesiareater han 3P and pratagbly gregtepthan (J0\Wejghypopgsn aikanyig)

PCTNS99/ .t 3 fq ] I . J1..shoul d
be appr e%?%rﬁgg xﬁ%ﬁﬁ%@%’{@%fﬂé{o @ggeg%iggﬂngélgg?ﬂragéiﬁgmuﬁcﬁ&\gfg{egﬁ%}ee[r)léfnlg i ng upon
factors icolprgédntiréle dTQIRCADI arGRiaditinddnoskedicashis) i stics, bl ow ng agent
conposi tion and_concentration, and the configuration of the extrusion
system 5 W Rwitablgladieenybanematinpolyraersindpdediomepolympestandicopelypersandom

et hyl.ene-st.yrene interpol r can be.tailor 0. vield hi en cell
cont 3ﬁt %Héfzf’f}%rglalﬁc@yggr °W"38?)f‘_fcb§fi%§ﬁ§neré@ eﬁﬁ#?ge’conbi nation,
or high Qagistpehé, viylitRikene! }ngPtolEere, ShIdRstyPeHES ahdbrodid¥ryread.i NS requiring
this conbination. The interpol ynmers used to prepare the foans of the

present ipneferred dkenyl aromiaticd folymer ssupdystytenel Minoramieunts af er pol ymer s
prepared b | ynerizing i) ejhylene or qne Qr re a:olefin nononers) or
conbi nat i'%%‘q%ﬁgﬁé‘éﬂahlﬂdﬁ’%?‘?‘%at% ’BP°‘Pﬂ5‘|5§“‘3\ ?‘F}ﬁz’p{iﬁ% ?‘F}‘H ?Paﬁ?‘eé%ormti c
MONONEr S i%oxﬂ{lfc die}ri;ivﬁﬁ{/@s SHECL Silehds %?%g%?%&%ﬂ% évﬁh%k(fﬁgpirﬁﬁx'aﬁ hatic

vi nyl or viny e. nondners,” or co er eof . ptionally iii)

ot her2spolcpmpoundsb |Exaerplyd effvopalynyerizablet dompoandsinchude a¢sjlic abid, t abl e
a-olefins 15 include for exanple, a-olefins containing from3 to 20,

pr ef er abiMethaggyhicpaid, ethacryligacid, spaleicraghl, jtasomigpejds acrylopkriles malgic s .

Parti cul [ t r t =1

2ot byl O, BT o Tl et Rl ROy Y B acpyle metd
one or NEh&h&rylReOPIyE REbtatl dh@ BEtadiene: Met hyl - 1- pent ene, hexene-1 or
octene-1. These a-olefins do not contain an aromatic noiety. 20 O her
opti onal pol yrkheiterm["substantialivi random/’ (imthgsubstansiallysandam intetpalymere

nor bqrnene and. C .,o0 al kyl or, C-.o0 aryl substituted norbprnenes, with an
exenplar yFORITSIRg SPYTRST Wb dsriued Fomn efyle)s SR PRE PLRPHrElenn monomers
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Sui tabl e vinyl or vinylidene aromati c nononers whi ch-san be enpl oyed1t20JUN 2002

prepare the interpolynmers include, for exanple, those represented by the

~following 25 formula: Ar I (i H2)n Rl- C - C(R2)2 wherein j ted

fromthe V8I¥4HP2radicals consisting of hydrogen and al kyl '%qé;?scgg{aéffo%
containing from1l to 4 carbon atons, preferably hydrogen or nethyl; each Rz
s 7 1 2 JUN 2002 ., WD 99147592 PCTI || S99/ 05706 i ndependently sel ected
from the Withope 8F Morelyiayl e inylidene aromagic monamege AT alirhasiciay (cy ¢laalirhatic

phony! " or gt Srvidyad ottt 8t Ao FLAEGRDAs G PR BealihRibe o1 °

sel ected §i@iButibe ofthe WioroRmkrs 6f daltDin®rpdlgier c4n be-déstlibed bifie Bernoullial oal kyl ;
and n has a value fromzero 5 to 4, preferably fromzero to 2, nost

pr ef er abl statistical mgded op by ayfirst argecond ondariMarkowienstatistieal Inyeitel as\desgribedyi ny |

tol uene, a- | st -1 h ne, ,i ngl,udi al |

i sonery ogygﬁém R SEQUERCE DETERMINA MI ude
styrene agflddne ¢y - thi ke ' ' rrﬁﬁ
Preferred™m Tm’re%géblhﬁ%( trJec?gNsty*r{gl%é?gﬂ?-d%étm/r}gs%#g%g?@%h%&ﬁ;%? al oyl - (C,

- C4) or iRerpbighiets-do g contaid mbietthsh U percartiofele wital amounoef viaybh as for
exanpl e, ortho-, neta-, and para-nethyl styrene, the ring hal ogenat ed
st yr enes, a9matic manpmer 1 blogks ofivinyl arqmatic mpwperaerrof moreghan usitar Moge ar omat i ¢

vinyl non | [en By .th Lo i cal Ly, hind | 1.c or
cycl oal i pﬁrrazgr%&g’i tﬁéiﬁat%rlpgw%%lnsr l&ogﬁégéggﬁ%%%ﬁ%%gﬁlg:htdeg&eengae ?’egﬁaﬁg‘? (tblh;

pol yngy | Zgpdydiotabyikit THishiéans 81afin e eamon INMROsgeefraR6H the shkstdntallyor mul a:
Al R-- C- R2) 2 wherein A' is a sterically bulky, aliphatic or

cycl oal i pteadpm igtgtpolymercthe pedk argastcorespondinigatodhe Rain chaim methydenefandm t he
group of radi.cal s, consi sti ng, of, hydrogen, and al kyl radi.cg]ﬂa contai ning from
1 To 4 caFBUHRCSEHNS THRrEIenilp SYbIT RGO I SrUMRSEA YT racemi died spauepees

i ndepende I f | - St dr ogen
and. Bl Kyl B el g e e e R Ve ogen
or met hyl methined¢dareonsati vely R and A together forma ring system

Preferred aliphatic, or cycloaliphatic vinyl or vinylidene conpounds are
monontt s i n whASFRTEINg LY At is Bdeatireiob the-Rresant HyERtioRtoRmRyideAnonsAsst 40ami on i s

tertiary . t edii. 2R : S -1t yents
i ncl ude c% I%ggﬁ%ﬂ%gﬁeﬁgggg&sﬁyﬁ g‘s‘%?ﬁ%ﬁ?ﬁﬁfe (%g}g? g’ﬁ@{é&r’\@ :
cycl ooct epyovidedt méthod ofmakingGuckasty bpeibdiilt foathl exddigonal appli€sions firahé ,

tertbutyl, and norbornyl. Mst preferred aliphatic or cycloaliphatic vinyl
or vi nyl i epsnecelldpposiafihe presentiavensiondnelude vagunmangylagion, fHiragonanskilnidut ed

derivativ of . cycl phexene.and substituted cycl phexenes...and

5ot hyl | eneTRHoRAPRRGATERE TR, aBl dihey s e ABREET S0 Wit 002 wo
991 47592 R@Ihﬁﬂ%ﬁﬁ?&bné-app&em o tHe fOlIBWiRY 8BINRK @ BripRbiRAEthei near

non- branched a-ol efins including for exanple, a-olefins containing from3
to 20 car Bppendedelgimsuch as propyl ene, butene-1, 4-methyl-1-pentene,
hexene-1 or octene-1 are not exanples of sterically hindered aliphatic or
cycloaliphatic vinyl or vinylidene conpounds. 5 One nethod of preparation

of the substanthghdiibRBEL RuitstnGaIRPtNEEMSinteASIHAES preferably a substantially

random ethylene-styrene interpolymer, to alkenyl aromatic polymei' foams, preferably

25  polystyrene foams unexpectedly results in a foam having controllable cell_ openings
without adversely affecting foam quality. While not wishing to be bound to a particular
theory, it is believed that the substantially random interpolymer, which is compatible
with, but not miscible with the alkenyl aromatic polymer, acts as a cell opener by
forming a multitude of domains in the alkenyl aromatic polymer phase of the blend.

30  The substantially random interpolymer droplets, which have a low solidification
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polymerizing a mxture of polymerizable nononers in.lhe presence of drle W} 2002
nore netall ocene or constrained geonetry catal yststn conbination with
various cocatal ysts, as described in EP-A-0,416,815 by Janes C._ Stevens et
al . and US®A¥#E92 No. 5,703,187 by Francis J. Timmers. Pref &GTAFo¥BEI08ti ng
conditions for such 10 polynerization reactions are pressures from

at mospheric up to 3000 at nospheres and tenperatures from-30C to 200C

Pol yner i zigmpsrasurgremain Huidievan mearothe end efifoam expansionpbusprovidingitbewellt he

aut opol yneri zat.ign tenperature of the respective nononmers nmay result in

f or mat i on°RS™ H'glagﬁﬂ[ﬁ‘)?ﬂs'of honopol ymer pol yneri zation products resulting
fromfree radigathe BRMTRI &mBbdifent of e BHAER ¥edtlonf dntes caifhijbuydt _and
nmet hods for preparing the substantiall randlom I nt erpoi yners are “di scl osed
i n EP- A- 5drémfi8 polymendbdm,ase have fodat elrdt the dtnokiafi of 3en EelDéohteht incréas@O6, 867;
S, 064, 802; 5,132,380; 5,189, 192; 5,321,106; 5,347,024; 5,350, 723;

5, 374,%968s tBe kyg! gfsubsianiially modomssthyjanergiyreng irferpolymer iptegolynperds

or opar o Byreret SRRl I o BY bpdt BTS1) B LORFIRABTRERSSRY D 00 1% hown

by the gegihtidm FoH h dubstintialty kakfor ethydnéf38 rene intétpatifiiee fdah waRavdp2 are

cycl opent adi enyl groups, indenyl groups, fluorenyl groups, or substituents
of t hese, found ¢t ttcamoynt of opercéelbedndent iR reasasiaRhedevel bf alkemyd aramasivs, 25

hal ogen at qns, hydrocar,bon groups wth bon nynbers of 1-12, al koxyl

Or oupe, ool Bigtrecaed. pus 2Rt betel of chen satin e pesmoralled Eorafie o 1 v
met al 4 pr Aol athi . AT ' lkyl ene group
or si 1°ane§‘§5§‘|% agi?%lh%hﬁg'eﬁ Ry oé’saof’]ﬁﬁ%q%%é%a%l f&pglgl)d(f ﬁgtx'a&p ?5‘2015 2 JUN 2002
WO 99/ 47 586tcdNEbpiSOAIsPI/iibticiilarly sbisdbianfor applycationsifeguirimy fasterdgimgiand ar omat i ¢
I nterpolyners can al so be prepared by the nethods described by John G

Br adf ut e~ &reatgr foamydimensiopalcstabilitys whereas fgbyoonensesdifoam (fog expmp el | (Exxon

Chem cal ' X | . ¢ Jechnol o~v, p. 25
(Sont onbertF R} mokf Gpdn dets) ey e Ute iy sohR sty uid stk She

i nt er pol yfiRérsngMpplibatisi¥pr i se at | east one a-ol efin/vinyl aromatic/vinyl
aronatic/a-olefin tetrad disclosed in WD 98/ 09999 by Francis J. Timmers et

al . THese i nt eMsohavemiso fourd thah thecadditionnfithe suhstantially randenr integpdlymen 3 NVR
spectra vviLh i ntensi.ties ﬁreate{w_than t hree tereg t he ak to ?eak noi se.
These si gHHIVE %B’b‘geérf%‘ﬂmﬁ emMpErare windqyy. in past prodyctionpt opgp-cs foams, it 3
8.0 - 3 8 Ld ' r 9, and
58 2 ppneBRRhecIehY b ifticae HPHoaRindRAFEIAE Y36/ 1000, Alr hptrandtds 9, o
chemi cal sémialyrused impréducifig clogdd-eel fgrmms iaroederad lencomirager detiropening. t he

signal s iﬁ the region 38.0 - 3 8.5 Rgmﬁre nmet hyl ene arb?&s. It is

bel i eved HANEVEHSHED andAFrenssin temperatyye, 8 ?'bd%%a‘g‘éﬁh%g 1Y 8f hedBam @% head-to
15 tabd Vi : ' ' ' at Least
one aifdol e %gﬁlﬁ%grt of;?,aﬂ %(' efgrf%ﬁ%gg%&gatiﬁg %?112 (Zl%frgggggi%ﬁgﬁg?g%fhyl ene

t et rad whbloeiing agent ahd redneedabilityesf defisatsito esistfanttier preskiured Funtheryhigh

exclusively in a 1,2 (head to tail) manner. It is understood by one skilled
in the ar fO2f1Hng temperatures cantqdyge ex%w%#ﬁg)r%ﬁsmeﬁm upacsepiable low iryslsrandt her

aronat | & Hs0RY iBad R el o Rlinba s S eBeS baRlnd Rrwrtl SEMAL LY o
simlar caithitwhidh bbd gaaity feaths var be prodatd. YBj_dhiiﬁ%‘ HRNubStastialyahnddm f t S.

These int_erpo[g%’mars_ can be prepared by conducting the polynerization at
t enpe?@t uingsrpolynfersoand peferably g0stbstantislly randemrethylere-styrene interpblysiess,as

t hose . . .
the foams of the present invention can be processed using the same temperature

conditions as those used in the past for production of a closed-cell foam, resulting in a
wider foaming temperature window.
Preferred foaming temperatures will vary from between 110°C to 135°C,

30  wherein the foaming temperature is from 3°C to 15°C lower than the highest foaming
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represented by the formuLa Cp (ER-mM_ R~ 2 25 O wherein: each Cp id2 JUN2002
i ndependent |y, each occurrence, a substituted cycl opentadi enyl group

n-bound to M Eis Cor Si; Mis a group IV netal, preferab ,

most 10 WO99/415921 2 JUN 2002 WO 991 47592 preferably Zr: ea%%”ég?@‘{”w

i ndependently, each occurrence, H, hydrocarbyl, PGI/US99105706

si | ahydrocarbyl, or hydrocarbylsilyl, containing up to 30 preferably from|l
to 20 notemperatire fopRycofiespondingtclostd celd foam. Hrshouldibeapprgriatast thatach R i s

i nd dent.| h N . hyd byl,.h byl
1 | oy GESbYs oag GEsergihes Pyl Vet REpERRAg YRR fisioshimg cRes AP DRIm 1 1o
Coget hor Py Sanieteils, oA udel Sfipiudh il WhogiiiBaind e S 91 %07 2

“and opti ea@ﬂiggtatim&ﬁée&&uﬁbxhyystemt he presence of an activating cocatal yst.
Particularly, suitable substituted cycl opentadienyl groups include those

(i llustrated byVehave gserfound thavpddition\of dhessubstantialiyrrandom guienedsyreng, each
H, hyd byl , .sil.ahyd byl hyd byl si | vl

cont i ni emehetrsaR 58 ilred YR SBEP AN celent SHAGRI A Torlifor ¢ 10

car bon oppsiidatieRsredui i M@is dofbimAtNOSP highPSRhN chReR®, Rargh ¥l a5 fodfisi vat i ve

of such group. Preferably, R independently each occurrence is (including
wher e apforapplieationa tdquifing shuseombindtyatr.ogen, net hyl, ethyl, propyl, butyl,

:g’lrec”,b%'s are 11 REGERSLYRER e 1 pgpest o loptis R pey BBt o Haony | IR
par 010l 5 SR ByB0Rerpd FhiG TR B bOReriafl IPFLARAC bPG i o
(di met hy infort aneldfiy moronsers, 2r kBinbifatién e danddi by pr mbfecwinylion di chl ori de,

racem c (dinethylsilanediyl}-Dbis-(2-nethyl -4-aPhenyI i nde_ngl ) zirconium
1, 4- di ph&ipilidensomatic smenomers or one or more sterically hindered aliphatic or

i c- (di si | anedi vl )-bis-(2-nmet hyl - 4-phenyl i ndenyl ) zi.rcani
arci s a PR e Bt kb aRioy s co SRR AbRRGH d pBbOHiony 1
zi rconi uiiftherlp :ﬁéﬂsﬂalquéi@:hy@mcawuﬁmmia&atﬂa&sbxﬁé?eg.esﬁnab@al&efuﬁ al so

possible to use the follow hg titani umbased constrai ned geonetry
cat ah§st snclude for example, a-olefins containing from 3 to 20, preferably from 3 to 12, more

[N-(1,1-dinethylethyl)-1, 1-dinethyl-1-]1(1 2 3 4 5-rl)-1,5 6, 7-tetrahydro-s
| ndscen. PrFaB Soeha b taracn S Famiculath shitahlsare ohyIFRR: SROBY e |

butyl am ' sl [ [ | - . - .

((3-tert @gﬁ%ﬁ;f??ﬁﬁ%mgﬁz;%ﬁgféfe yiHel Ifbfb&%ﬁél\l or ethylene i PRS0 B8P 47502

i ndenyl ) (che ot nfon¢ §f propylizhe dhuteriehly, ldsmbethyd- 1 tpentene | iraxehart bhytteneidd Thése- i so
PCTNS99/ 05706 propyl ) (1,2,3,4,5-r1)-1-indenyl)(tert-butyl

am do) di ﬁ’e?k&ﬂ%ﬁ? BRCantUp AR ARMBItEERAREY- or any conbination thereof. Further

vt Been’ deocHEEGptchla) hASmeRP S iGNt Cardie o R nclde™" 1 OF, ©
Vol une 1%brbaragirand 38 1, 4lkyPsiS0, [ A9D8\bstianed horboitienids, Withtan@xempleyr nal  of

Appl i ed Pol ymer Science, Volume S 8, pages 1701-1706 [ 1995]) reported the
use of a imtginelymerdeinasethiiepe/seEnsMmoreamenal unoxane (MAO) and

cycl opentadi enyl.titaniumtrichloride (CpTiCl 3) to.prepare an

o by ene- ot yr afitebls 3Byl s infitef s Fraichibnits WBIBR RE Enbloveddhem 10
Soc., Di prepded hlinteHRmh eﬁ%ﬁgﬂétﬁ&@r ted Hylthe ihgport ed
copol yrre\rf,irz%ﬁ on usi'ng aeel\égl&:?l?%'f?gél ;I NdCl'3/ Al ?%%%e)hisea?gttgl g(g%@?oggi ve
rand@m cdpmhylaers of styrene and propylene. Lu et al (Journal of Applied
Pol ymer Sci ence, Volunme 53, pales 1453 to 1460 [ 1994]) have descri bed the
copol yneri zation of ethylene and sty{ne using a TiCl,/NdCl ~/ Md z

/A (Et)3 catalyst. Sernetz and ~5 Mul haupt, (Macronol. Chem Phvs., v. 197,
pp. 1071-1083, 1997) have described(ﬁfﬁz)n

Rl — C = C(R2),

wherein R' is selected from the group of radicals consisting of hydrogen and alkyl

radicals containing from 1 to 4 carbon atoms, preferably hydrogen or methyl; each R? is

=



. . . - . . w gUN 1002
influence of polymerization conditions on the copol ymerization of st ne
with ethyl ene using Me25(Me, Cp) (N-tert-butyl)Ti Chikmet hyl al uni noxane
Ziegler-Natta catal ysts. Copolynmers of ethylene and styrene produced by

bri dged nawabdarsene cat al ysts have been described by Arai, PSINISIMOSTHGd
Suzuki (Polynmer Preprints, Am 20 Chem Soc.. Div. Polvm Chem) Vol une 38,
pages 349, 350 [1997]) and in United States patent nunber 5,652,315, issued
to Mt suijpdegnabntli@k&ed from!thE gronp Of FaIeHl PEdndisBn®bf Rydtogér AdvalRy] aromatic
nononer i nterpolyners such as propyl ene/ styrene and butene/ styrenhe are
descr i bedradicalsriontainisg ftons | pat earbom avvbes; piefdbly d9droges suatethyd; Ar isali

Petrochem cal . Industries Ltd or United Stales patent 25 nunber 5 652,315
al so i ssuRfnyherorP of 2 PSRy &%ﬁ“gﬁmﬁeﬁw& ﬁP'é‘sl @tﬁst@’ﬁuﬁnﬁi%@rﬁgé@mn DE
197 11 3 . q K¢ AL I%RHQ [ j cticity
and t her ﬁgé&o%o@?@ﬁhg{ﬁ gg\fﬁl&a 'r‘;‘/aql)r(}gh#c?ng - lﬁgoea]@a{h om @%%%I"%/lkg?r s?lng?&gt hyl ene
and sty/r eqed, poefeiiabbl fe6mckerditor?) modepreférably zedos Exemphfty viviyl alomady ch 1998 by

Toru Aria et al. can also be enployed as bl end components for the foans of
t he presemonpmersin¢lyde styrene, vinyltoluene, 2-mgMaylxtyrene, t-butyl strarrs 92

PCTNS99/ 05706 Wi | e. prepar i t he stantial ly random i nter pol r, an
arount _of SHPREDrene, RE: ol met R TaSe o mep sy TRE AR hi R 26

honmopol ygbhémkisQRcifie sHfenéiald lovtr QIBA & HERPRARUbSRHuteH ALAVATVes FRESAL Ur €s.
The presence of vinyl aromatic honmopol yner i1's-in general not detrinental
for the pPreferssdsnadorhéms incladecstyrene) vemeihyh styremedthe dowdraalkyll €€ at €g.orThe vi nyl
aromati ¢ hono be .separated fromthe_ interpolyner, if desjred, by

| .
ext r atd i opheny ?aﬁg gﬁ%‘gﬁéeﬁea@t%ﬁ tyrege, sueh anfor sxamples opbg-sEetri B with a

non sol vept.. . f L ] r Rz . pol ymer.
For the pﬁérrﬁélgéeth@% &Pﬁg ’ %@é@%ﬁ%ﬁ%ﬁmﬁ&ﬁ’%ﬁa %@gﬂg}%g%? align"?\%mrmr e than
30 wei ght thefdofe Atmor prefrrl lasomatie svintyl Aiondherdd gtfenper cent bayed on the

total weight 10 of the inter]g)gl yners of atactic vinyl aromatic honopol yner

i s present. ThByphs termyisterisalinkinderng aliphatistoy cxelealinhatie yiny} oe vinylidere of t he
present inventian, be prepared by any,suitable ns _known in the art
Such as,  SRTPOHSEST s meart addition olythetieable viny Loripy s motomem | n ¢ e

desi r g4l pé&pég?&ﬁd}ﬁétgﬁlelfgﬂﬁ&{a;by melt blending in a screw extruder, Banbury
m xer or the [ike. The dry blended pellets may 15 be directly nelt
processed into a final solid state arAlicle by, for exanple, injection

nmol ding. Alternatively, the blends ndy be nmade by direct polynerization,

wi t hout isolation of the blend cBhpokemEsC(RA: ng for exanple, two or nore
catal ysts in one react or by using a single catalyst and two or nore

reactors MHEEEE} Acis acﬁter(p')f.rga)léuhugqy, aliphatie preycdepliphatihmbsiiaeat offun 19e20pr esent
I ti i i t d
o pret or SEPohd R BB AEFRamhe bidfo BE REls dMRAAL SPhvdoBel S AP B! rude!

sequent i atadicalsontdifiingdirdifl 130 feeMbod Aftins, PedTErabEHydrogi br Hdthyl7 SR
nmetering zone, and a m xing zone. The barrel of the extruder may be

provi @&d iidependsntly seleetad ifrosi the graup dfeadieals consisting 9€ bydrogpr and alkyl cont r ol .
25 An inlet,.i rovi ded. f or, addi a_ bl ow ng nt, to the |.ymer blend in
Che. ext ruidicalRrihing B« Aaiin o, Pter RO 2o, AR E | o ng
agent is GREAANMICR! hAE A tdRRthePfoHEY it} §ttnt. OPfefirBdaliphayedl € gel . The

di scharge end of the m xing zone of the extruder is connected, through a
cool i ng zoyaoaliphatic glinyl or vinylidene Thmphundsare moapmgssliniwhicloohedf thed t hen

passed through the die orifice where the bl owing 30 agent .is acjivated and
t he pol ynﬁ?fgg’é POMSREATRS YGRS AUEALAN 13 teTHisry 0? SB?FE@%‘DSS“bSE‘MiJ-Z J UN

he it ARa P Rousi e o e oin o pYahe fipiRli Brod sich SREHRKER, SPEL o O

t he extr udgdlohiexeasl, aycloomemil adriting alityl or aryl substituted derivatives thereof, tert-

butyl, and norbornyl. Most preferred aliphatic or cycloaliphatic vinyl or vinylidene
compounds are the various isomeric vinyl- ring substituted derivatives of cyclohexene

and substituted cyclohexenes, and 5-ethylidene-2-norbomene. Especially suitable are

8



‘terrper atures of between 160C to 230C, and the tenperasure in the cool{npgyy 200

zone is maintained at a tenperature of between 110C and 135C. 5 The

~conpositi f e present invention may be used to forme !

t her nopl ag?éggi%"%rrer foam expandabl e thernopl astic foam biesgg?%?og?%anded

t hernopl astic foans, and nol ded articles formed by expansion and/ or

coal escing and wel ding of those particles. The foans dake, any known

physi cal go%ﬁ@@f”éﬂ?ﬂﬁ}’“@%ﬁ“%@@?ﬁ"r %%@H“%W@&“Fhﬁarq;g‘?’ysdpaﬁgﬁngféf ms and

profiles. Th a r (et | i xpapdabl e beads
mée%ﬂ‘ gfreglég g&wﬁ.@ﬁ?}o%h ’I?éo Qgrbt)ﬂ a %*Rrﬁg p%ﬁ?ﬁn% bt 91? ,

into any of regorng I'gurations or any er “configuration: The
foans mayj.miethyl90peniéit, hedent-2ok obiehe: 1R ROSREmPIE df Gtetichl®y hinderedl er at ed
bl owi ng agent release, be nodified by introducing a multiplicity of
channel s aliphptic boeycloadipbatianinylidneifydulenesempaiindg. from a surface into the

foam the chanpels bei 15 free qof directi W th respect to.the

| ongi tudi nal e P‘éﬂéﬁ%&ﬂﬁp erenaEation gh thesbaEnially Bademi ‘58""&“‘%‘6&% udes

T0d1 11 Cat ) @inefl e kS 8FpdiinbSaH Aihodlers i ifhelite o EhO/ ofA39 and WO
971 22455.'5 oa%ﬁé‘tguctur es n%yp%le made byoa conven ionafoextrusi gn f oam ng
process. mbllpcensanicohaminedgegnetey adthlyssire pambihatign netht vaalbesicocatalystswhi ch
the al kenyl aromatic Zwﬁl ner material and one or nore substantially

random i ntsedegesiBeddndEPy 16yt lagness fe Stevgns et ah andVa Patert Ded or nel t

Dol YTE! TGS vy ERGRIEE bR, SHERLT R BRI S oo e

ext r ugf nopdlyMetizdtRndiefotioht Sre GRessies AR fthokpherid wPol IOV atiREEPAERE ARE. TO
make a foam the optimumtenperature is at or above the bl ends gl ass

transiti owempsratures tront 1308C o 2002Ct iRodymerizationsand wnyeadtedimonerher ienqyabsent
invention the optinum foam ng t erature is in a nge in._which the foam
does not ?6?‘?’8‘38‘%‘.” VB?‘E\/&“&Q° %ﬂmﬂﬁ?/twefﬂ%rfés%l&@“&?’ MO Rt 0 t he
melt poly i i 1 n

ext ruder oy KSR R e York AR5uies 6Y orhpdi e by EEIath BIOBIIS th ¢ he
melt pol yresulting from friee addiahpalymernzaidbnpr essure sufficient to 30 prevent

subst anti al expansion of the nelt polyne eri al ,angyto eneral |y

di spetse 14 EK”&PICE@S‘H@N"Z@@Q’S@,W?&g prepasing;thy §bFaetiallie bl owi ng
agent ho Ly ' X, c .ended in the
ol yrror  ne ROt M s S iack e B0 B 12 SR o B e O fen st i 2i o
or mnel tinf§,053,n88;53)051,478;i53096)867 951064180t 13203 807611891192; BS2tin96pl ended wi th
t he pol yner materi al g}rior to char%g to the extruder, or_charged to the

extruder SA4TA245030.623:3.394686 3 o0 3036 51034 87hard H3R LB/ col or

pi gnent cagi er rial. .The .foa I ;. ically coo | ower

t enperat ure tOT%%%@&B%%%:&'arfgEegﬂ%é\gﬁ%lrﬁr(itp%tzchng?arp?l&glefsotgaﬁldasl{o?%%t ure. The
gel npy b@reﬁ&@hwth@niet}ﬁdga&srcﬁﬂar indP O I3 0ektiplsyife ¥bmpoidsisRowamI at e
coolers. The gel is then extruded or conveyed through a die of desired
shape to thegenerabformsthuced or | ower pressure to formthe foam structure.
The zone of lower 10 pressure is at a pressure |ower than that in which the
formabl e gel is maintained prior téocé‘}trusi oRlt hrough the die. The | ower
pressure may be superatnospheric ©Or subatnp$pheric (vacuunm), but is
preferably at an atnospheric | eRél . The pesent foam structures may be
formed in a coal esced strand formN\py ex¥rusjon of the conpositions of the
present invention through a nulti-o€pfice diBZ The 15 orifices are arranged
so that contact betwegn adjacent streans of the nolten extrudate occurs

during t hwhesLp' mgd R aeseyclopentadienyl grpwrs: indgnyd greupse lugrenzk groups, @e

ther wbhesubld Gient aahesion.t | ' ture. Th
treams oPRMeL ML BAGRIAARY | AT R AR sh ARt 0T T
prof i bes, habpetatés] hyiboarbaafouskosie s&Bon Atdbad/uel12, allorgl @oaps)er to form

a unitary structure. Desirably, the 20 coal esced individual strands or
profiles stylaxyd grawpai indepehdently of gach ether M is agroup { Vrmetak praferablytZrsen and

del am nat | d d i [ hapi d [
the T oam HRIPETAEELLEAR and R b APV R B0BP RE Srsahiv eRaIBhsPte fSkoal eoced
link Cp' and Cp?).




strand formare seen in_U S Patent Nos. 3,573,152.and 4,824,720. The juN 2002
present foam structures may al so be formed by an accunul ati ng extrusion 25
process as sees in U S. Pat. No. 4,323,528. In this process, |ow density
foam st r WOEYB9aving | arge |ateral cross-sectional areas BFHUSYMSHeed by:
1) formng under pressure a gel of the conpositions of the present
invention and a blow ng agent at a tenperature at which the viscosity of

t he get is sLfHe substantially ramdam -olefintyinylianomatjeinterpdigmetshaanggso bs al | owed
to expand; 2),extruding the gel, i ol dj.ng zon i pt ai ned, at, a

t enper a@&?@’%bbb %E%‘%’ §cr&}ﬁdcha{nlfq8§?,&}mg t¢ Sﬂﬁ?t@r%e&af’sr&f gjﬁrﬁmt he

hol di ng < NRO E (

PCT NSQQ/%?%@%?% ’ g%?l' ]r?l' ﬁéﬁ%ﬁl}l (??f(?? gge%%%a% II’%be%Its}]] o')éggg(r?\egaﬁ@#%b\h%?@pr essure
at whi chn PhgtiecTedhpalvey, 123 (Sepepderido)gate closing the die orifice; 3)

periodically opening the gate; 4) substantially concurrently applying
mechéni cal prélse gma%ﬂg/ara thepsubstaptiallyrapdomhiategpel ymersaykich comprise st t he
hol di ng ,zone thr the die.orifice into the.zone qf | ower ssure, at a
Tote o dERbens feae iy Crromarciiny Bt o L g oSN or 1 1 ce
occurs t ; : igh ant | i : {it;) k
Cross- sggﬁ 5’092 gl%yzgr? gg:l%)jr? qgﬁg%éy\gﬂc%ugg;&egﬁgﬁé ?.{p-né:{r'"c)rn":iro'?x %}3&?&2&% %@}a(lasd gel to
expand untiesi carboretl NMR spéctrasyitipimerditisgipyeater than thrextimes theepefakaon

structure. The present foam structures my_ al so be_used to nmake foaned
filns foeappeisecThesssignalsaprearta theechemisa shift ranga g3 dP1¥425PIMERA filmor a

cast, . fil X Lon i - extrusion
o od8ss S Sik-APRAY SHePlERay, alalGe biakBrd BokeRen U 4F 1 FES, 2 FROBE L1 ch
My Or yrdien RENMRIBEpetiattn® indidtesRRAMAE kighal¥iA Me dheftcdl SRt tegidne present
i nvention. Blow ng agents useful in making the present foans include

i nor gani4d. M oAt 2 pmrs angymathine carbensiapd thosignals ag thetregian 38 6he38.8 pmbl owi ng
agents. Suit bgggi n rgani c blowi ng agents include nitrogen, sulfur

hexaf | uérs H’éﬁ{y a%M%on, water, air and helium Organic bl owi ng agents
i ncl ude car bap; % bt i o akLons,
al i phatic al ggﬁgqegé%égﬁhﬁtgh%- 3 caﬁgﬁgé%ﬁ{seﬁegﬁ J@Efs{lgviixg‘gggftl adﬁg

hal agenaaibdinyl anolhmtic ndnperes desettions pharededjarid folloaveddy anleastone’dighéfint | C
hydr ocar.bons 20Q incl ude net hane, ethane, prq%gfme, n- but ane, _ i sobut ane,
n- pent ar@SerieR, S fxample AnehreRe/eRTeRRSTyYTRRY/ BRISNE teffad yhsreinithe FyEIenet hanol |
et hanol ,.. 0~ L . i :ql. | nat ed

al 1 phat FOEAASEANon WP Ll HARIARANR exclidively B PR0bTo i IRMARE" R

chl or of lislonderstobd b ond-dldligd @sthe hrtfthatdooarchhenads inedlviag awhilydrofatier i de,

pertl uoronet hane, ethyl fluoride, ), _1,1-difluoroethane (HFC 25 152a),
f | uor oetmeAMINgT|qtisr tigan) styrene and an pfalefin ohenthaa ethylenethatthe ethylene/vinyl

1,1,71, 2- | h HEC- 1342) . 1.1, 2 |.uor.get h HFC- 134) ,
1 12 5 ke e R e e iPisnomi et B $VSERE VIR oot nane
(HFC- 32)cartp@t {1 N0 gédka it wikh2tightly diFfeadtit QR@Mtoal dhifis. 1- t1i f 1 uoropropane,

perfl uoropropane, dichloropropane, difluoropropane, perfl uorobutane,

per f | uor ocyc| Diese imerpolyaners ednl be Bopared by eandeatinglthopalymetizatiomatd

chl orof | uor ocar bons. f or e in this invention.include 16 1 2 JUN 2002 WD
99/ 47593°B ?/%%%‘%ﬁé%lzgé’héb? thePreseRee OF Ml @SS #dhosk nyl chiori de,
1,1, 1-t rehsrabet th8#§mula 1di chl oro- 1-f 1 uor oet hane (HCFC I4lDb),

1-chl or (;-I?Lll,al- dﬂlﬁqur oet a?le (HCFC-142b), chl orodifl uoronet hane (HCFC 22),
1,1-dichloro-2,2,2-trifluoroethane (8CFC 123) and .

1-chloro-1, 2,2, 2-tetrafl uoroet hamry( HGELC-124). Fully hal ogenated 5

chl or of  uorocarbons include trichf oronohofl| uoronet hane (CFC 11 ),

di chl or odi f | uor onet hane (CFC- 12)(,EPtz}ni chll\‘_ﬁ{oz-t rifluoroethane (CFC 113),

di chl orot etrafl uoroethane (CFC-1 | L’Ful or ohept af | uor opr opane, and

)
di chysor ohexaf | uor opr opane. Chem cal Gbowi ng agents include
azodi car honam de, azodi|sobutyro-njtrile, benzenesul f onhydrazj de

4, 4- oxy FEIFFEREcach I GRots jrdependssly c 4B SSPHESNGS. 2 SRRRURedcHciQpepradieny]

sem -car € ( W BN

di et hylé?w%gluﬁﬁdrlgggq%g’?%p tﬁgfgaalrﬁiﬁg'? ¥ b Paferably F S A B i xtures
of citric acid and sodi um bi carbonate such as the various products sold
under the nane Hydrocerol'~""' ( a prgduct and trademark of Boehri nger

I ngel heim). Al of these blow ng agents may be used as single conponents or
any m xture of conbination 15 thereof, or in mxtures wth other co-blow ng
agents. The bl ow ng agent used in the present invention nust be capabl e of
ensuring Formation of a foamw th the desired cell size and open cell
content. Prefered bl ow ng agents for use in the present invention include
1, 1-di fl uoroet hane (HFC- | 52a), 1,1,1,2 tetrafluoroethane (HFC 134a),

. o o ~ Y




bl owi ng agents or with mxtures thereof. The amount @& bl owi ng agent 172 JUN 2002
I ncorporated into the polynmer nelt material to nmake fa .f oam f or mi ng pol yner
~gel is fromO0.5 to 5.0 gram nol es per kilogram of polynmer, preferably from
0.2 to 4. WQPMTSHol es per kil ogram of pol yner, and nost 25 PFEFUSPEMY6 1 rom
0.5 to 3.0 gram nol es per kilogramof polymer. The use of a relatively
smal | amount of bl ow ng agent allows formation of a foamw th a high open

cel | contrsaferablnZrdark Roa indgpendendsit ¢ach osgisrancesdy, hwdreeadled, i n order to

control thg,size pof, fo cel .o Preferred nucleati nts,ingl ude
nor gani cLehpbEYs oL ARGt R foralote G e R BT LI SR
bari um st fe?ébg' frof Fid'10 é&rﬁ@déﬁﬁlic&i %ﬁﬁ?é‘a‘éﬂ!l@is?ﬁaﬁ&ﬁqnd@ﬁ@y L4ch , 12 JUN
2002 WD 99147592 PCT/ US99105706 m xtures of citric acid and sodi um

bi car bonadceurrdive, Hirbaiog hydrocarisylchyrionarbalpan; silahpdrogarty iy drosarpglsilylom 0 to 5
parts by wei ght per hundred parts b i ght of a_ pqlyner resipn. The

pr ef err edCANERYAS Up 19 ?ﬁrﬂr?fe’fibg’aé?f&rlté’ %ﬂgﬁiﬁ%@%gpﬁhkt%wjﬁ‘ R¥ nmay be

i ncor por af; i e su j | illers,

oi grent s Sichrt ok Br RS RC loud Bfliief Uak b £\ BiafiRartd BSRALEY SLL O Ber s
flane retgpisdiedess m Br106:€59ha 9pabsialy, Bt preferdbly & the préxehe@efdd dctivatiipdi f i ers,
antistatic agents, and other thernoplastic polyners. Exanples of

per meabi | ¢acptalysti Partieulailpsuitakie isubstiuted epelopentadieny] gmoupisyinedudd thassoest er s.
These rmn@fe_gte%g rrﬁ_{v?efal so serve to reduce static during foam nmanufacture.
Exanpl es TRLPY PHBBfasti ¢ 10 pol yners include al kenyl aromatic
honmopol yners or copol yners (havi ng nol ecudeR?r wei ght of 2.000 to 50,000) and
et hyl eni ¢ pol yners. Prouerties of thes™Ng bol viers and Bl end Conpositions
Used to Prepare the Foans of the Pr :@ nvention. ~ 5 The pol ymer
conposjtions used to prepare the foags_of the present invention conprise

from to 99.5, preferably from50 to 99.5, nore preferably from80 to
99.5 wt pwheremteacli Bas énldependendy ceachiacevkrense gt lsydvdcasbyds sitahydmicarpyl, andom

i nterpol ymer and the al kenyl aromatic_h ol ymers or copgl r) of one or
nore al k m%?r%ﬂﬂ[]ﬁccmﬁla&wer@ RSFfCE%’g‘ggm © 202’@5‘0%3‘%%6%@%@%’5?1 Rei ght
di stributj 210 | - Qf; mer s
used to pronsedosdfiortiiohyBr fd R proult BEBhLEroRAIR0N KRBl AL D

nol ecul ar giotpghieféribily, Rfinddpenddriissach acamrente is@riohpdihy Whefe apprapeiaed iner s
used to prepare the foans of the present invention is from 100,000 to 25

500, 060, isPEw) hyfrpeest matyh athpl, owpy .Putdopanyl; hewyil bsmzxk ghenyl or sid 000- t o

325, 000. i | er i : . f f
The’ pr osei RtLEBon g TRY GalR olibs MRk EE FBURE FRAREARRC | 007D 0
70 wei ght sygfent ith 28 likdunyl, fRbRSL, itetrARy/desiRddng], Yetedhy drdthidrerdil &drer abl y, the

al kenyl aromatic polynmer material is conprised entirely of al kenyl aromatic
nmonomer i cogiattdsoflupgenyl.

Particularly preferred catalysts include, for example, racemic-

20  (dimethylsilanediyl)-bis-(2-methyl-4-phenylindenyl) zirconium dichloride, racemic-
(dimethylsilanediyl)-bis-(2-methyl-4-phenylindeny!) zirconium 1,4-diphenyl-1,3-
butadiene, racemic-(dimethylsilanediy!)-bis-(2-methyl-4-phenylindenyl) zirconium di-
C1-4 alkyl, racernic-(dimethylsilanediyl)-bis-(2-mc¢yl4phenylindenyl) zirconium di-
C1-4 alkoxide, or any combination thereof. )

25 It is also possible to use the following titanium-based constrained geometry
catalysts, [N-(1,1-dimethylethyl)-1,1-dimethyl-1-[(1,2,3,4,5-n)-1,5,6,7-tetrahydro-s-
indacen-1-yl}silanaminato(2-)-N]titanium dimethyl; (1-indenyl)(tert-
butylamido)dimethyl- silane titanium dimethyl; ((3-tert-butyl)(1,2,3,4,5-n)-1-
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.~.- 1 2 JUN 2002 WD 991 47592 PCT/ US99/ 05706 The pol yner conpositiong Uewil
to prepare the foanms of the present invention conprise fromQO S to 70,

. preferably fromO S to SO, nore preferably from0.S to 20 wt percent,
(based on w9983 ned wei ghts of substantially random i nt erRT/YHY05306d t he
al kenyl aromatic. honopol yners or copolynmers) of one or nore substantially
random 5 i nterpolyners. These substantially randominterpol yners used to
prepar e tindefiyl)tert-btytdnuidpy diswethyisitane titinium demethiyl; ami({Riso-from 0.5 to 65,
preferably froml .S 1o 50, nore preferahbly from 30 to 50 nole percent of at
| east onePTPPMD(I%F”“vé'HWTWQWI)&WMIYMB%UFFE?&‘M gns titgaium dighethyl, or

cycloalip LC Wil L. vinyl i dene nmononer, or conbination 10 thereofand
from 3S t%’%@%‘?{ﬁl%@/@@rméeéry from50 to 8S, nore preferably from preferably

from SO to 70 pattReriRépaitivethetBbay for it i@teniilymerise® fiftha prdabad interdtiopl ef i n
having from 3 to 20 carbon atons, or conbi nation thereof. The nelt index

(1,) & thaveshedenidaseribad lirythediterature.nbengooand enassi {Makromalr Gheme Malemeoans of
t he prese i nventj.an i r .1 tQ, S0. .preferably of fr .3 to 30, nore
15 prefer %,yag?snﬁﬁgr}pé_ﬁggt[@afg 3@3“118 Wlwéﬁr@q@ﬁl%ﬁmﬁ%ﬁ?%&?e& ri bution
M, IM- . VRS td a ' Salft he foans
(()f t he )pr%)éslgtrl#ei nven% igg’nx&%sl'eé Zq)lm 1. l?gsl%%#g?grg%ﬁgagf fr%%?%@% to 10,
nor e pr ef ipasad loy méthylalmmdkahe (MAQ yenddyclopemadienylittanium tithoride (@pHeal)

aromat i ¢ honopol ynmers or copol ynmers 20 _havi ng, a_nol ecul ar_  wei ght _of 2, 000
t o 50, 0000 Repare g sthylanecsiygne gepatymers Xpandhin (Relvipsidzenrints Aranehem. not

anaold | regep by BSAE Lo VoRE 38 ebO R T B e BB rer . o

copol ymer &polymefaitidi®sRigs NMigClLTEICT/NEEEAAIRY, ERalPsaB IR fahigohoans of the
Present Invention. The process for naking the open-cell foam of the present
i nvent i oncapshpmerses styrenesandipropyfiens. dawletrad (Joumai bEApplied Pol gnegyat i C

ot o pot y e S SrmaeB| 4536 0FR0 11 ceSibet K sdpobinsrERGSTRE
| nter pol VatRy1cAB dnd defietd il OTCIINACEPMECH MMierf 8l Osdrfidutaa 0°! - The gel

Is 30 then extruded”throughi a die to formthe f e tenperature at
whi ch1ad heMublaanpt.qdMz#@romel. Chem. PRy, 1 UR7 20 207101 083,499 Pphav € tesdtibed @he’ 06
formed (fogm ng &e erature) is between 110C and, 135C, _ pref er?FBIy bet ween
115 and | BEUeRER § @wemmoy cpadifieaton s copplymesizatiomef SHIeRs Wifth3 to | SC
Lover  t hagyl e HsB ML, SIRALTCRINL RGP ICE, hOthy Rl GRIog SR L RANGHgS €d- cel |

f oam

catalysts. Copolymers of ethylene and styrene produced by bridged metallocene
catalysts have been described by Arai, Toshiaki and Suzuki (Polymer Preprints, Am.

20 Chem. Soc., Div. Polym. Chem.) Volume 38, pages 349, 350 [1997]) and in United
States patent number 5,652,315, issued to Mitsui Toatsu Chemicals, Inc. The

manufacture of a-olefin/vinyl aromatic monomer interpolymers such as
propylene/styrene and butene/styrene are described in United States patent number
5,244,996, issued to Mitsui Petrochemical Industries Ltd or United States patent

25 number 5,652,3 15 also issued to Mitsui Petrochemical Industries Ltd or as disclosed in
DE 197 11 339 Al to Denki Kagaku Kogyo KK. Also, although of high isotacticity
and therefore not “substantially random”, the random copolymers of ethylene and
styrene as disclosed in Polymer Preprints Vol 39, No. 1, March 1998 by Toru Aria et

al. can also be employed as blend components for the foams of the present invention.
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5 Properties of the Foans, of the Present Invention. The foam has a dﬁmlw 0
of from 10 to 200, preferably from1l5 to 100 and nost preferably fro 6 %)D
60 kil ogranms per cubic nmeter according to ASTM D-1622-88. The foam has an
aver age cewb9audzs92of from5 to 2,000, preferably from 20 to PCTIOE9/0570¢d
nore preferably 50 to 500 m crons according to ASTM D3576-77. The foam has
a water absorption value of from5 to 25 g/g foam The open-cell foam
contai ns at | eWliile3Penaeingaind subgantiaky tadoiinterpolgier, ahlaynounhef dtacaim cont ai ns
at | east 50 percent open cells, ~and nosi pref erabl)(, at I,eas} 80 percent
open cel | §nylaramatc hemopelyBer meay hecf%‘;#{\ﬂ“ﬁ todwomoRolyrperizalign et thy
pr oduced part icularly
A:Em'h{?g rrIo?xé{He?%t Q@\%?d te?Ap%pii ?ﬂggreﬁl} tﬂ%w 8}%6‘3\1}‘%

suited t or e ST o I'ng a thickness
or m nor KinmM&sbiyAer isfin Fé&?ﬂ rﬁﬁﬁ&ﬂri%bn@ﬁ fdr A8 pQfpodey & th@Eﬂ:fs@:EtaMehanmﬂ or
nore, or nore preferab y 2.5 mmor nore. The foamw dth could be as | arge
as 1.% nem@rqanfboaalsrqﬁcd)dﬂmednymgmc hamopol\mteh mayeemepaaiet from/ﬁnt i on can

be used in a nunber. i catiaqns i udi fluid absorption d sound

absor pt | oeIRERf Gt 3&mcvserrﬁneﬂuﬁegbeééeﬁtﬂ‘fwsﬁ%wn be Used
O P on ! Shitichlwith B%on BRIKCRY ARG he/lrBO BT O B ARRAOAG, ath et | c and
recreatlon ucts, egg cartons, neat trays, buildlng and construction

(far exanmmopdljfmenworlmspnhmbkmmﬁ the peasentiinwdntiondtisaireforred that pemonsul at i on,
gaskets, vibration pads, ggge |l i ners, desk pads shoe sol es ymasti c

mats, insWr@sd wshtm@@ms prejeraflyclessiban 68 weight percanthased owﬂ@ﬁpfagwmgéms

vat i EhaaRife bR, o Atk Oy CABRELY B8RO ICARIALY, (1% ot ot o
and resi di ng UDTREpbIF¥IYRNe anPeliflerRPitirefd@intepslyimts bk dffisdpréddnpn f or

refrigeration, -buoyancy applications (for exanple, body boards, floating
docks andmwaittosl)meas bevptepared byanycuitalile oreans knoive imthe asisukh enibubmes. | t

shoul d be,.cl ear r, .that the foans Il nventi o not be
ot e R s gREBEIEi ik Beebes ST i sirSreibpropoHions Tlloed By gnelt v
991 47592 | A5t r i
|nvent|onagtg%ﬂ?gg‘{rg%%?%g%éep?gﬁwgg%éas tgﬂk?m?%]#n l%{é@gcﬁépe tn?t%heof in
any nténebe ditscdyrhéiSproeedsed/aitd adinabsaljd stk hrtidloby forlexammysle tiyjebbas ur ement s
The nol ecul ar, wei ﬂht of the substantially r yu‘gom | nt er pol yners used in the
present | Rokdes. oAltematvsly<he bifody mayhemaide by drssy Palymsrization aith ﬁﬁtasur enent

di
MCond t 1 cisoRsOPObt ek equiitiihis, iind B Bcamble, Ko bf Aoy KB EheDS
i nver sel yreptton ok biy wsitlg 4 fingld eathlystmidmd armueei refdtosfin béttesop paraltel. Thus, the

hi gher the nol ecul ar we| ght, the Iower the melt index, although the
rel at i onshicpagagomg oag)s of ghe;Pre ‘ R indicating the mol ecul ar wei ght

Che cRttort i e 'pt%i Do ief‘rﬁ‘s%r%%kt Ao e PR bl "
fashi on asudhoin éihidet %ﬁ;&u?h ) HSés Wseries of \SeMeRtial Z3ReslinclRbRgadeéLzdrfe!

aut omat ed pl astoneters e nmelt density set to 0.7632, the nel t
compression and melt zones, a metering zone, and a mixing zone. The barrel of the

extruder may be provided with conventional electric heaters for zoned temperature
control.

25 An inl;t is provided for adding a blowing agent to the polymer blend in the
extruder barrel between the metering and mixing zones. The blowing agent is
compounded into the polymer blend to form-a flowable gel. The discharge end of the
mixing zone of the extruder is connected, through a cooling zone, to a die orifice. The
hot polymer gel is cooled and then passed through the die orifice where the blowing

30 agent is activated and the polymer gel expands to form a foam. As the foamed
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density of polyethylene at 190C. The relationship of, nelt density t°12JUN2%2
styrene content for ethylene styrene interpolyners was neasured, as
. function of total styrene content, at 190C for a range of 29.8 percent to
81. 8 per cewid otry7s9i ght styrene. At actic polystyrene | evel s PETABENE9E
sanples was typically 10 percent or |less. The influence of the atactic
pol ystyrene was assuned to be m ninal because of the low levels. Al so, the
nel t densdxinisin foinds it i§ conducidd/aveaiefran thd die ah@ lallowed® ddobendhardeg. sanpl es
wi th high total styrene are very simlar. The nethod used to determ ne the
mel t density eknirastisd, the@mpératuresnafithe exwder zonsh jarcomeintained ate| t den5|ty

strands as,

t t to 0. 7632 t f nelt .2
Finct | on 'STRETANIES 8 1eSwero 105 C 230 AR e cemepeiure#h P AE aREI% | e f or

each nelt Mt 5653 ggfgftq' ljmhb dl3t5e ield the mass in granms per
10 m nut es e mst?u ntlﬂs cal c P‘gt ed rrelt ?/ndex val ue was al so
recorgded. The Thetmpusiticiedfitine mk&wix%mdmagcbbmédwﬁbﬁndmdéw isd=d
p. 7632 x |12 ~2 CGottfert 21 N 2002 WO 991 47592 PCTNS99/ 05706

where d chemnepl mspobmer|f9a:eocxnaedtbl&ﬂt§n§mla§n@dfom headsQresxpanded near | east

o an. squibrap i RO 3 B ARl Yo B e R on loler RIS AR, 70

equat i on: w8 dindofIRs8Patictest 0. 723 5 where S = wei ght percentage of styrene
in the polyner. The relationship of total styrene to nelt density can be
used to deternil'hefoamsanawakean}'knb\nnlphvml nmﬁgmatmgl suohsas extjuded shest,i f t he

Cont dRt APanP ok lged Prees- b Aubetse 1R may R foEhed oY BIRBR! cul ot | on
becores: 5&3@@%89 T g e

(measure yre mer styrene co ent ‘and

atactic polyst Yheﬁﬁmaﬁ@;emffeqhiredtfmfasecdetparpnsaeﬁhmlaugmmcoélememcI ear
magneti c resonance (' All proton NMR 15 sanples were prepared in
|, 1, 2, blopamrg agent @t@é@,rb&n@o@ﬁe@ prantgpsipcing RempkipliFity %cfeanﬂﬁ P()ns were 1.5

- 3. 2 perc oI ht e for

determ nl%egp%%ﬁp ’(f:{ %‘Hng%ﬁh’ %éeéﬁbﬁwaﬂsﬁﬁdc a 2 g/ 10
mn, 140 rmeeéfaxfecﬁ&wlmegpewﬁ) tHe %gxt\’lﬁihbl éferlstorDEHHE fyam - @x@ﬂ@ntz g/ 10 mn,
30 ng of interpolymer was used; d when the h was less than 1.5 g/ 10 m n,

20 ng of teaching putlynmdlﬁuanousaddmﬁmed it U8 Patentrdlos 5 424.016Wehed di rectly
into 5 e t 75 mL aliquot of TCE-dz was added by syringe
and the%igyvéfsa"él@ée%w% "a tight-fitting pol'yethyl ene cap. The sanpl es
were heated in iriiSE b rovi de
F@aﬁg@lfn‘fésa mﬂt@ \’y\gﬁre fade bPa §5l'fvteﬁﬁoﬁaﬁ%xir{?§1&{ H?groc-gék p

m xi ng, the cappe e occasionally brought to refTéex using a heat
gun. 25 PFhe prest)mpm:gmaral\lgrm'emcmbmmhMbndingain\w}liclathe\ﬂdawﬂa'math the
sanpl e prohe at 80C,,6 and reference he residual protons. of d,

5. 99 29pm PoRmey Material andone Rr, TROKESU eerlt y m Inderpglymers,arg h&ate
col | ect edygoBptel to%hgatp?as%elz@@%ti m:gqyt,ﬁﬂerm&eﬁa' tr@\stn@r tnd %{Hgg?@ﬁl%lwmg

condi ti onSowere used For ana e Interp Sa
agent to form a foamable gel, and extruding the gel through a die to form the foam

product. Prior to extruding from the die, the gel is cooled to an optimum temperature.
To make a foam, the optimum temperature is at or above the blends glass transition
25  temperature or .melting point. For the foams of the present invention the optimum
foarning temperature is in a range in which the foam does not collapse. The blowing
agent may be incorporated or mixed into the melt polymer material by any means
known in the art such as with an extruder, mixer, biender, or the like. The blowing
agent is mixed with the melt polymer material at an elevated pressure sufficient to

30 prevent substantial expansion of the melt polymer material and to generally disperse
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30 Varian VXR-300, standard'H 22 -~ ~ 1 2 JUN 2002 WD 99l 47592 12JUN 2002

PCTNS99/ 05706 Sweep W dth, 5000 Hz Acquisition Tine, *3.002 sec Pul se Wdth

-8 N.sec Frequen 300 MHz 5 Delay, | sec Transients, 16 Th yS|s

time per s&‘ﬂb f’éﬁs 10 minutes. Initially, a" H NWR spectrumforbgg%g#%

t he pol ystyrene havi ng a nol ecul ar wei ght (Mw) of 192 000, was acquired

wth a delﬂég | e of oEe second &Fe 10 rot ns were Iabel e br anch;
blg b

a, al pha; Wingagent ﬂ@?%ﬁ“cﬁ"s » & uelpajor may be%l?ﬂdﬁgbn Fi gure

1 15 Int r e 1; the
“n " desi gy BT mBERR| A bERA A %Wéfqﬁ%?*%%ﬁwﬂ‘*tﬁslfﬁlg‘b%a eved to
be the thmegting.tThe/spBstantillgiraitsm MeapoIvhres Mhy B6 df-blendetbwith theapsiyner 6. 6
ppm the two neta protons. The two aliphatic protons | abeled a resonate at

| .5 ppm materialpaios imehazgipg ot the extaidercer dharged 40 the egtrpgen inthefaam efmt i ¢
region_was (ntegrated fromo0,. 8 mand is.referred .
t.heor ePi cé’loiyr"é?r' gnetrale or alﬂS&B"ﬁyﬂ"K’ col&p ’§m°§t°a§"°rc5'?at‘i’“‘ﬁ ﬁ"f éfnggleand
correl ate t Siure ?émf | e
for sever%leyﬁ %‘rg?ﬁ{ﬂ %%Msl&{(;tfo alilsggttg% ¢ Theq‘éb |oze£rl %?éﬁriﬁg{eﬁléfe}%e?ﬁﬁgﬁeck
t he i nt egrfedrm gtrucnre. \Thelgéymﬂebd(cm gnheaxmdmeomtbarmmng:de\byedtm di ng the

appropriate integral hy the integral Ab,s Ratio Ar is A /. A6.6. 25
Regi on- AG SEPATRS cqQlersy b gehe thga caudad or coramcs thrpugh adig effiesiredishape tag 6.

ML 23 5 rone b bl GORGpYBehRon BRTHSERARRIO RS iRl ' e

have the exp egration raloo a. +b). The

rati o 1of %emllgaﬁ@pﬁksw@weﬁmamﬁﬁwh&lﬁm& €orthab ggeais rﬂﬁﬁhﬁlﬁedﬁ!‘iéﬂoOf 2
to 1 is predicted based on the protons |abeled a and b respectively in

Figure 1. exuusnondup@gmdm %ebbwrpmaumay bmsxpemunamlphatorc peaks were

I nt egrated eaaéel thee ene/s &ieJaterpolyrrers the 'H NWMR
spectra us ﬁﬁp"ﬁ’ v?‘f utbsh%re Aat a’h cTGriaY , 6.6, and Ca,
defined, such that rasteetfdzheaﬁﬁaﬁenngf bé Ma%aeaalzscédeeﬁd frmugled al | the

aronmatic protons of t he copol yner as well as & p protons of aPS.
Li kewi se, exntisign af therconfpositiensbf tbhptesentrmgermnnﬂapugh\a rudtiopifict dien The t he
i nterpolyners included aliphatic rotons .romboth t e aPS and the

i nt er g8l yr?éllﬁcﬁﬁ?‘ﬁaf@“ﬁ £9 193l Copias 'P‘?tWE“P JagepEsireamsof| ?F‘BHF%F’EW‘?JOI ymer .

The integr Fsdacfh

aromatic s"?!é‘#\’% S ggﬁeft%ﬁw?gﬁ?%égg@to cgg{agmggeﬁﬁ*a\é e aﬁ% ﬂ%rmpol yner
(probabl y wiltesuffisientadhesion to refulbih Pasitarg $edng sirwndre f Q‘he atremhé 6f moltyst yrene
at 6.6 ppm (integral A6,6} was nade based_upon conparison to the authentic

sanpl e of gyBNgae eriting thedmﬁgceahmfﬂr@cqﬂ Sénanwervrgmﬁlewhleh dggirbbofpanthi s is a
15 reasonaclgal% &kgydwpéﬂcogtosdn@ce%tpgétgvfﬁg%(eI e ta% y%)ol ystyrene,

only a very weak"signa ore Re penyT protons of

the capol weBlesdddShdituab&itinds Hbrefiled shold r&hﬂa&hherw hha ity 3ErRtRd toon,
integral A 6.6 beconmes the basis for quantitatively determning the aPS

cont ent . Hevendstrangi delaminatern under stegsses ensauniered in preganing, ﬁhmns,mlddegr ee of
ISDLgFSIn? EO I nctgi?or at J«BB@%%“&%%K@ e/ s r en | nt g_ug%r Al c? fs I )esA ES,CG)
strand form are seen in U.S. Patent Nos. 3,573,152 and 4,824,720.
The present foam structures may also be formed by an accumulating extrusion
25 process as seen in U.S. Pat. No. 4,323,528. In this process, low density foam structures
having large lateral cross-sectional areas are prepared by: 1) forming under pressure a
gel of the compositions of the present invention and a biowing agent at a temperature at
which the viscosity of the gel is sufficient to retain the blowing agent when the gel is
allowed to expand; 2) extruding the gel into a holding zone maintained at a temperature

30 and pressure which does not allow the gel to foam, the holding zone having an outlet
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s~ _ (C Phenyl) /Se~ _ (CAliphatic - {3 x s~)) /425 E = e~/ (e~ %2sUN 12002
S~ =s~/ (e~ + s~) and the fol | owi ng equations wefe used to calculate the
. mol percent ethylene and styrene in the interpolyners. 24 1 2 JUN 2002 WO
99/ 47592 WQPBBTI205706 E*28 WYE = (E * 28) + (S~ * 104) (1ROV/USPRIOSEN6-s =
s~ 104 (loo) (E* 28) + (s~ * QU4) 5 where: s~ and e~ are styrene and
ethyl ene proton fractions in the interpolyner, respectively, and S~ and E

are nol edikrdefihingran cefficetopesing i mtaracme oﬂtuivatﬁnqﬁsmtmmm gehfdahts,
i nterpol yner) respectively. The wei Eer cent of aPS in the interpolyners
was t henangearsonenaklg gaie alesng thieidigpr ceeé periegicallyzopening the gae; 4) s< W%aPS

;-et ;r %ﬁnéﬁsgﬁné?yaﬁqq‘:&gf @aqp&wpg&e%c@?&gﬁnuf r%&g’a&&gtﬁ'ﬂr 0s c%ﬁ?j (FTIR).

Exper i megteéct i ot dhe Roltiip Z0R€ thr ch%ﬁs&aﬁc%@o fHee0né of lowed Presde, based
on a liquid intrusion technique. e volune (V) 15 and dry wei ght (bVI~ for

each 3 oaanasmtegreaternthan ¢had athebich Fhbstintmh feummpk ds theadie orifies ecturnandilesdot t om
of a desiccator el ow t he, desic tor |late. Plastic tu was used to
connect AR E’B‘&k‘o‘ﬂlb%m@ irpegulaTiies i RrO5%: é@t&ga@m ar.,ﬁq@pg BEBHHAN,

Anot her he liquid
reservoi éj %&%Em;léacu E&&F‘ aﬁagx%w&esw dﬁgﬁégggﬁgtﬁaﬁﬁgre gradi ent
acr oss tmdayémelfmmnaﬂu&b@ liquid used in this test was water with 0.75

percent of a common di sh soap (active |ngred| ent - water sol ubl e surfactant
that is sodi umwamﬁemfgunfs@:u@yresm@#lw uspdstgmpakedoamaed fikms &ir howiles | qui d

tt th I to the d d
vaoutt (86 ohd offer caaRettie Sl by Al R bl imeRe o etfette ©
(appr oxi 1R¢ Glnfs hdy BlsWeGidde 80-8&1?&'1&1 proB&ssitb ddtai foattPf the eBRedwith " - ~ 1
2 JUN 2002 WO 99I47592 PCTNS /05706 the liquid reservoir to the desiccator

was i nseomeear twotsurfabe layersywHich They oramay nothegpmpriset o€ thet polymer of f |

i nt roduci ng at m)spherlc pressure to the systemand forcing the liquid from
the | i qufdmpPesinpdised jnthg PrasentdBYSRLOR or . Note: There nust be enough i quid

in the reser Vﬁ'lcgwﬁ)g apeMm§ ﬁséfnﬁnqﬁﬁhﬁg ﬁ'fecifre&hf‘i‘&msﬁmlﬁ&e %?égméﬁlomlﬂélt es, the

sanpl e was
15  agents, organic blowing agents and chemical blowing agents. Suitable inorganic

blowing agents include nitrogen, sulfur hexafluoride (SF,), argon, water, air and
helium. Organic blowing agents include carbon dioxide, aliphatic hydrocarbons having
1-9 carbon atoms, aliphatic alcohols having 1-3 carbon atoms, and fully and partially
halogenated aliphatic hydrocarbons having 1-4 carbon atoms. Aliphatic hydrocarbons
20 include methane, ethane, propane, n-butane, isobutane, n-pentane, isopentane, and
neopentane. Aliphatic alcohols include methanol, ethanol, n-propanol, and
isopropanol. Fully and partially halogenated aliphatic hydrocarbons include
fluorocarbons, chlorocarbons, and chlorofluorocarbons. Examples of fluorocarbons
include methyl fluoride, perfluoromethane, ethyl fluoride, ), 1,1-difluoroethane (HFC-
25  152a), fluoroethane (HFC-161), 1,1, 1-trifluoroethane (HFC-143a),
1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,2,2 tetrafluoroethane (HFC-134), 1,1,1,3,3-
pentafluoropropane, pentafluoroethane (HFC-125), difluoromethane (HFC-32),
perfluoroethane, 2,2-difluoropropane, 1,1,1-trifluoropropane, perfluoropropane,
dichloropropane, difluoropropane, perfluorobutane, perfluorocyclobutane. Partialty

30 halogenated chlorocarbons and chlorofluorocarbons for use in this invention include
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" 5 renoved fromthe liquid and blotted with a paper touel to renove ang UN 2002
excess water on the surfiace. The sanpl e was wei ghed to deternmine the ijunt

. of liquid absorbed and the wet weight (WN was recorded. Th hgg
content (WO YHE7¥2nt open cell) wags then cal cul ated fromth§cg&%%§ﬁ%

formula 10 Open Cell percentage = 100 * (WVW- DW / (V - DWd) where d is

the density of the polyner in g/ciii'. Experinmental Procedure for

At nosphemerth)tllchlnmﬂeﬁmgthwban(chlohﬁe,l enh)tlmhéorlidasstl I, herichlgrovashagiet 1df t he f oam
sanpl e s.recor s th | 0 f t ensi on
liquid sdshlerstly P‘efﬁe% St80 Ey‘ﬁgg?ré’ er&éﬁén%‘iﬁxms

al | oned %:Rlo%&l h&omﬁxagggﬂg'l’@?ﬁ) %ﬂcﬁ] H-8.2 f%ﬂor@é’f@&%ﬁmé Nnespapp! e was

renoved romt a paper towel to renove any excess

wat er onltdmaorsumamﬁﬂmma&sﬁammnghﬁdllymﬁgémﬁ ne the amount of 20
| i quid absorbed. The results are reported in terns_of grans of liquid

absor Bed chlerofijiasesasborsdnciudeirichloremprpflugromethang AEFG1 1Y, Random

'Et h~ 1.S | E 3. Pol [
rere por AR R R Rl i Sk e, & Ponct or . The
reactor W&?ﬂ&ﬂéﬁﬁﬂda%&ﬁn&{@@'ﬂ%f Qﬂlo?dﬂélﬂ%ﬁxd}f) ropaleOlgxane sol vent and

styrene using a nass flow nmeter. Hydrogen was added E) y expansion froma 75
mL vesseldlcazmrohvaﬂhlpmqbrmna ﬁihemmak blod»fmp agcnts inchldceazedabarbdaamuiepm g), then
t he reactor wag heated to the o r| Z er atu of 60C and

sat ur at edZiisROWYFRRitle. benze %ﬁ '8?‘8*’“??&9 B¥Yst was prepared

in a ol N e I ar bon
sol ut Pon e BjcAHERRE, Biftucht %@f&%‘gﬁ%ﬁﬁ? f B bR BN 007 47507
EC-ZH g329/éiﬁﬁgﬁgl-§ I\Z di{xiﬁtbts@&ére%ﬁ’thﬂhﬂidwh'hwc{raﬁmé triazine and mixtures of citric
~) - etra
2, 4-cycl & c;pdw?qpncmn@tnammtbs ymol)sr\gmdumsdwundmnmsmz 62- 7)
09-15-5),. and

o o 1 SRR bR AR PR e SRR 0 %)

MVAC- 3A (Hidwitigagedts bé%séa a$ Sing1e RuMponeits lor AR nisatedonitinatione a total
vol ume of 20 nL.” The :B:Al nolar ratio was 1:1.5:20. The catal yst

sol utison thexeofl heim mnami mth@ah:wosb}wng@geotSa catal yst addition | oop and
injected into .ltg%ewr eact or over, pr oxi rra.te .20 m%t es SI gg a flow of

hi gh pr essure 3W1nga$ﬁ'é“56flwr§&e.r’£%sﬂ*bw won,mus d’aPB BP E‘%ﬁmﬁor

appr oxi MgbehaticAb R 18 h&%x%tﬁ’@felcﬁs&&?&'llr@z@iﬂwe peteefi’to gﬁrﬂefﬁeﬂg{ fgn the

desired 10 pressure he anount of ethyl ene ‘consune rin reaction
was noni tagemts fwsagn theprésent inventiont iacludd el -nrﬂqamthaxe I(HiFOehsm,sl tduPped from

the reactor into a nitro ed glass kettle. p0|yrner sol uti on was
durped i ri¢tforgethane;( ?@Pg{%‘@ 1G9 g‘?@t‘ﬁ?fﬁéﬁ and yaigr. eg %8 st r oughl y
dri edy 74 SRGP! es
ar e Sy ie G BB Heenl MR O RGP SoRE B .éggf“’z?%% R R i
Tabl e 3. &Jmngag&n@oﬂbﬁthm&rm%i’SQI PCT/ US99145706 TABLE 1 ES|

#Pressure psi kPa) St yrene (g) Sol vent (g)Hydrogen delta psig (kPa)ES1-170
(482) 12157022%1'11: am@nt of bigwing geqn BEpIPrated antg, the polymsr gaeﬁsmatsnd to

(103) 202QQ7fel 1(o4ar8n-go)rxmng polymer gel is from 0.5 to 5.0 gram-moles per kilogram of
polymer, preferably from 0.2 to 4.0 gram-moles per kilogram of polymer, and most

25  preferably from 0.5 to 3.0 gram-moles per kilogram of polymer. The use of a relatively
small amount of blowing agent allows formation of a foam with a high open cell
content.

In addition, a nucleating agent may be added in order to control the size of foam
cells. Preferred nucleating agents include inorganic substances such as calcium

30 carbonate, talc, clay, silica, barium stearate, calcium stearate, diatomaceous earth, and
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Preparation of ESI 4 5 The ESI 4 inteipolymer was pLepared in a 400 12 JUN 200
gallon(1514 L) agitated sem continuous batch reactor. The reaction m xture
. consisted of approximately 250 gallons (946 L) of solvent conprising a
m xture ofwOWMHRxane (85 wt percent) and isopentane ( 15 WCHHEWAST6 and
styrene. Prior to addition, solvent, styrene and ethylene were purified to
renove water and oxygen. The inhibitor in the styrene was al so renoved. 10
| nerts wemitiresoF €itrid icidwhad soduinticarbosate. Thetamainhyf mitteatihgagufissel was
then pressure controlled to a set point with ethyl ene. Hydrogen was added
t o cont r cimployedmpy rangs fjom 0 tySmasts Hyuveightper hundred pats hawetghtofdl | ed to

set - poi nt varyi ng~t he packet water t rature on . the vessel. Prior to
pol yner i z%f{iyrgﬁfreglﬁegvées%rgfmfg%é? 5'8%@%33%8&%% |W§’§hf’un t eperature and
the catal yst CQERORCAddVesiAL b incoffotatdd foth t foam structure such

di et hyl et hyl ) o Eiouy aadiives miy b pcrpiol By 5 3 R ot et ranet hyl oo as

2, 4- cycl oipergaaiti filterd, pipmnents soodorama; antiokidants) acld sedvepgers, ddisdvidleb072- 62- 7 and
Tri s(pentafl uorthenyI boron, CAS# 001109-15-5, Mdif ed nethy] al um noxane
Type 3A, abseybensq Hams retardaniss PROCEISiG [dhteXBNIFien 2idsrpeamaglity Beddickasi s of

1/3/5 res I : ol h a.sfarting, the
pol yneri z%%%%ahx%éntib&%gvﬁ%%%b%gggl vﬁr%'hg’é%ﬁ@?gé]%p@&tﬁgwl d to the
react or agsoliietl inclhde dubBietofiimite@ 36 glycBrot Sfonbesters.N TRESEENSSeSters Mg ogen
was added to the headspace of the reactor to nmaintain a nole ratio with
respect talse servetorgduee stetihdwing feamonanyfacturee Examplsgs of lether thermoplaséat al yst
fl ow was stopped, .ethylene was repmoved fromthe reactor, about, 1000 ppm of
| r garlx’ Poly g heipde %ssrlm?mﬂ? RraAReIYmSTS %ceacﬂwe@iﬁlm.rm?q%en added
to the 25,sghtbt 280005 56.068000kK% Me l';,%ggrgt ed fromthe solution. The
resul ting p%}lyrrer's wer e ’lhso)lptgt egwtj?omﬁg l'ution by either stripping with
steamin a vessel or by use of a 28 "" 1 2 JUN 2002 WD 99/ 47592

PGI/ US99105706, devol atilizing extruder. In the case of the steam stripped
mat eri al .-=‘§l =p GhE RGTPQIYHIErS ANGA31eRQG S OMDOSILIONS bsed todsepare fhe Loams
reduce regi LS and any unreacted styrene. The specific
preparatiﬁlcq:‘\1 & ké&r{é&gor the interpolynmer are sunmari zed in Table 2 and
t he prsoperti esThépdiyed cdmpositibdsed té-ptepare the foams of the present invention

#Sol vent St yr enePr essur eTenpTot al Runl oadedl caded. H

j Ti meAddeenrmnetissi e gOto rederablyHrarrS040 89 £1 mosppreferaidy fren 88t 99.FABLE 3
Resi n Desj ti t Content (wt.. ., 9% St . tent (ool 29 Melt,. | nd
(gl iy - HEPereisl Bl 08 edBmthicd Weighto? bl Mol il Bpollintt ad 5% 1
83 10 ' DeiiRrafen§Carbfiatit hbiMopolltids 8¢ copdPfther) $9one or more alkenyl aromatic

homopolymers or copolymers.

N34

20 The molecular weight distribution (M,/M,) of the alkenyl aromatic
homopolymers or copolymers used to prepare the foams of the present invention is
from 2 to 7.

The molecular weight (Mw) of the alkenyl aromatic homopolymers or

copolymers used to prepare the foams of the present invention is from 100,000 to

25 500,000, prefe;ably of from 120,000 to 350,000, more preferably 130,000-to 325,000.

The alkenyl aromatic polymer material used to prepare the foams of the present

invention comprises greater than 50 and preferably greater than 70 weight percent
alkenyl aromatic monomeric units. Most preferably, the alkenyl aromatic polymer

material is comprised entirely of alkenyl aromatic monomeric units.
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Foans were prepared in accordance with the present iswvention utiliziny2 JUN 200
et hyl ene-styrene interpol yner resins which were prepared as descri bed
- above. 15 Exanple_1 A polyner blend was prepared by blendin r
pol ystyr er%or"gg?ﬁ?zhavi ng a wei ght average nol ecul ar wei ght gﬁf’%’a@%’@w th
the ESI-3 resin. The level of ESI-3 was varied from1l to 5 w percent. The
ES interpolyner was nade into _a 10 wt percent concentrate by pre-blending
the resin w t hTehpolparscampesidonsaspd tqRiepage theifprms of thepresenipventinsy . 29

2 2002 WD .99/ CTL.US99/ ' f edni h
opper o OHIPTISE OB 18,10 WA O3 Y rr B S Erty bRl kB0 WLt e
appar at Upepsedel (biseli bh $héGHIPInBd WeightSSf suBkthntially Faddont irt¥pblyRfer @kl kheder

. having additional zones of m xing and cooling at the end of usual

sequent i alkenyhexmzticthoawipalymersbecopalyraers) ofi onie iog mote sehstantially fandom bl owi ng
agent is .5 prqvided on the extruder barrel between the netering and m xi ng
zones? A‘Bﬁegp‘gﬂnf’{sce havi ng a rectangul ar shaped-opening is included at the

end o e ©O0KhAM saerial) el ey e GRETY Alpal el of rr o0 o
t enper at ré&nﬁﬁiv@hﬁdm@sﬂ:any cbhgireftbmuii®to 650 peeferdbly drobb 0St@ 50 tieref eedi ng 10
zone, 190C at the transition zone, 193C at the nelting zone, 204C at the
net er i ng prefesabin fromO¥V0oa10 mple parseny gf atdeast ox@avinblrprd«imﬂid@ee arematigj ect ed into
the injection point. at.a uniformrate so that..its |evel bheca .

appr ox) mdbargar < Btipheecor e liBha Ap iR bigtimpBiG. PEEHEngien

t enpapat YhéresfantTont 39td 095ZFREriBlS fERS0IR 85 niopél pregétably ftomprdfBabiyne
coolant (oil) tenperature to cool the polymer/blow ng agent m xturée 15

(gel) to frém Stoi7Gumole percenigpf ethylensionat deastiine aliphgtar @dolafin hefvinghfronti 32

orifice wa'rszgtrrai nt ai ned at appr oxi r{gtel the sane tenperature as the cooling
zone teng® q;,rléqnafwgs,dgpog&%ogt #T€%her e a good foam was nade ranged

from 129-130C. al | 8 to 9.1
mmand- the. wi T DE XTI 3¢ e SBEaRERN el LRAREREPUEA et el |
Tabl e 4, foh@sfofde stesent inverflol B¢ DeiStoH0L preferablpof from 0.8 veB0.ahokeSI resin
I's increased. The cell size renmains relatively unchanged. As can be seen,

the HSl rreeterabiyeof fram Gidde 19eObmitted ef fect on the open cell content. The

open cell cont h .0 t | ev IS .increased.
Open-cel | cont 2&% gn%%?u%lr %@é%‘%‘é‘?@mmr@% |b§1;‘1§3fgﬁy3%8d6&~" - 12 JUN
2002 WO Qﬁieﬂ%&?ﬁlepﬁgﬁldlﬁgﬁﬁ @@ fOARL 5f the Prade¥anventibh Vetroat5 §92¢. 1 ) Cool ant

Te C) (2)Foam Densit kglm)Cell Size
® (O p(regerably of from l.g to lg, mox)'e preferably of é’grg) 2to 5.

In addition, minor amounts of alkenyl aromatic homopolymers or copolymers
20 having a molecular weight of 2,000 to 50,000, preferably from 4,000 to 25,000 can be
added in an amount not exceeding 20 wt percent (based on the combined weights of
substantially random interpolymer and the various alkenyl aromatic homopolymers or

copolymers).

25  Parameters of the Process Used to Prepare the Foams of the Present Invention.
The process for making the open-cell foam of the present invention comprises

the steps of blending together the alkenyl aromatic polymer, preferably polystyrene;
and the' substantially random interpolymer, preferably a substantially random ethylene-
styrene interpolymer and adding a blowing agent to the blend to form a gel. The gel is

30 then extruded through a die to form the foam. The temperature at which the foam is
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~ (3)Open Cell Content (%. (4)1*013347683221344564633813445628045134444 788N 2001
*not an exanple of this invention ( 1) Parts of ethyl ene-styrene

. interpol yner d in per one hunda~ed parts of blend. 5 (2 RRVEEFber € of
t he cool |Wé)%°?4 é’?hat circulated the cooling section (3) Cel chi Ze 252

determ ned per ASTM D 3576 (4) Qoen ceII content of the foam body as

det er m ned per ASTM D 2856- A Exanp Foans were produced as_in Exanple

1, but ufarmgdi(faaming empegaiyrs) {S'P&BY"énll IP"C?H@ 135G imelsrably betyeen ddps ranged

f 5.8 §

ps" shouni 1 3 raP BB Beblitn) Bant 135 GG i BIRFS ug TP e i 87
resul tedhjgge&mma@erhﬁaaﬁrérfoglac@&e@oﬁaing cfe¥eliRRll fodABLE 5 Run No. ES Level
(Wwt% (1) Cool ant Te (O ('-)Foam Density (kP~-m)Cell Size (pm) (3)Open

Cel | Content (% (4) 111335073702 213342564535133446774 20 ( 1 ) Parts of
et hyl ene- st I m xed |n.er one hundred parts of blend. (2)
QPEEY IEfeReMEIHB ot ed the cooling section (3) Cell

size as deter# 55&2 5 ﬁge &hb %96}5 t,09f00ta08 nlRem body
as determ ned per %{\ﬁ% ﬁﬁ f ﬁﬂ?o Eréf ly %@ t802 WO 991 47592
PCT/ USQ9pf¥ferdbly a0 vee6 @ kidogreims per aﬁnc meExachrﬁng to ASTMI D 6ESI881 resin
(Table 1 The thickness of the resulting foans ranged from7.6 to 7.9 nm

and the wi dt h The fease hasanaveragesell ske offrom 5 ta 3,098, preferabladramddic i n Tabl e

P gh open 0B AR Biersaretetaord RRTESR0 RigroRE aqearife L ABTHIP B o0  ant. Tenp.
(O (@) Foam Dameifdam hdH WhitEabdorpiohtvaluddf from 5 to 25 g/g foam.

The open-cell foam contains at least 20 percent open cells. More preferably, the

foam contains at least 50 percent open cells, and most preferably, at least 80 percent
open cells as measured according to ASTM D 2856-A.
The foams may be produced in the form of beads, plank, round, sheets and is

15  particularly suited to be formed into a plank or sheet, desirably one having a thickness
or minor dimension in cross-section of 1 mm or more, preferably 2 mm or more, or
more preferably 2.5 mm or more. The foam width could be as large as 1.5 meter.

Foams produced in accordance with the present invention can be used in a
number of applications including fluid absorption and sound absorption applications.

20  The foams of the present invention may be used in a variety of other applications such
as cushion packaging, athletic and recreational products, egg cartons, meat trays,
building and construction (for example, thermal insulation, acoustical insulation), pipe
insulation, gaskets, vibration pads, luggage liners, desk pads shoe soles, gymnastic
mats, insulation blankets for greenhouses, case inserts, display foams, etc. Examples of

25  building and construction applications include external wall sheatlﬁng (home thermal
insulation), roofing, foundation insulation, and residing underlayment. Other
applications include insulation for refrigeration, buoyancy applications (for example,
body boards, floating docks and rafts) as well as various floral and craft applications. It
should be clear, however, that the foams of this invention will not be limited to the

30 above mentioned applications.
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(3)Open Cell Content (% £4)1213?51597125132486R91 ({nl ) Parts of 12 JUN 2007
et hyl ene-styrene interpolyner mxed in per one hundred parts of blend (22'5

- Tenperature of the cooling oil that circulated the cooling ' Cel |
size as dMAMATA™I per ASTM D 3576 10 (4) Open cel | contentﬁg“c’b%%zosg‘iam
body as determ ned per ASTM D 2856- A Exanple 4 Foans were prepared as in
Exanmple 1 using a blend of a polystyrene resir. having a wei ght average

nol ecul ar wei g%ﬁ folowing eyamples areitlusirative dbesinyension, byt argpettadey mer havi ng
a styrene content of. 81.5. perce | -4 from Table 1 ). The |evel of

car bon df:%%%a‘gg\ﬂﬁ? Il té%tggs?pﬁgﬁ%%ﬁén YIRB% seen in Table 7, at

appr oxi meid MPLigg sanme foam ng tenperature, the open cell content increases
and the foam density decreases as the |evel of ES copolyner is increased.
It can allgst Metheden that the foami ng tenperature has an effect on the
open-cell content (see runs 4 and 525. Even at 20 a significantly reduced

f oam hg 2bM8E -"‘ PU CQaUIIET t he foam still exhibits 33 percent
Rin No. ES Levare ipiegyiar Jeigprohind Miunighatdo idihlal BRP 7, Jeor T

Si ze (gyplesént)ipaitiondk cofvenieatly indigated using a melt index measurement according
(3)1013042220022]1 304332066331294123073451 304021081 551 244428033681234438050

( 1) PateASTM Bx-h33% (ionditiondPO°CH: & ke (formallyknewa dsi ConditiondENandr ed part s
of blend {(2) Cell sigze as .det.erm .per .ASTM 3576 (.3 n cell content
o thet alskpgly asdbfEnTerrmune e ks TRl W OBodiaty R B °°) %

P t A - . #, - '

ot by o ne ledier sight Jr B Bolber. "Thus? e Hgfk MEHBREAM: pllghl FERMMNe
pol yner i a&wdld iGeaibodet §e reldidtishippisabt lite®f Catal yst A di nethvl j N-(

1.1-dimethylethvl)- | ,1-dimethvl-I -(( 1.2.3.4.5 hl-1.5.6.7-tetrahvdro-3
phenyl - s- i ndaddse essfll for indicating shempleculyr weight afthe sybstantially random

P ionof3,5,6,7-T hydr 0-s- Hydr i. ~1( 2H) - d 94. 00 g,
0 70o4 nirERpS e P BeStsR amyAmtoh e Gioter Bt o (ORYAN RS ol es)
ﬁ; e sti wiech isbtdiRéd @ 4 sHRartakhidh af FordReltrdex (1) usify B0 ASTM [P1538 ol es)

15  procedure for automated plastometers, with the melt density set to 0.7632, the melt

density of polyethylene at 190°C.

The relationship of melt density to styrene content for ethylene-styrene
interpolymers was measured, as a function of total styrene content, at 190°C for a
range of 29.8 percent to 81.8 percent by weight styrene. Atactic polystyrene levels in

20 these samples was typically 10 percent or less. The influence of the atactic polystyrene
was assumed to be minimal because of the low levels. Also, the melt density of atactic
polystyrene and the melt densities of the samples with high total styrene are very
similar. The method used to determine the melt density employed a Gottfert melt
index machine with a melt density parameter set to 0.7632, and the collection of melt

25  strands as a function of time while the I2 weight was in force. The weight and time for

each melt strand was recorded and normalized to yield the mass in grams per 10

minutes. The instrument's calculated 12 melt index value was also recorded. The
equation used to calculate the actual melt density is

d= d0.7632 xI2/12 Gottfert
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added slowy under a nitrogen flow. The m xture was_then allowed to s1t2|[ TUNB00?
roomtenperature for 2 Yours. The volatiles were then renoved. The mxture

. was then cooled to OC and concentrated H, S04 (500 nlL) slowy added. The
formng swWOaIHEE2t 0 be frequentlybroken up with a spatul a RETHSOFT was
| ost early in this step. The 20 m xture was then |l eft under nitrogen
overnight at roomtenperature. The mxture was then heated until the

t enper at ux,@erée@ ﬂgugg 7682 8RED @Q[ﬁfmmgglﬂa eftiigdex. were maintained for a 2
hour period of tine during whi ch a spatul a was periodically used to stir
the m xture. AAtlieat losst sqegds fitroflealculackdanels demkityoersua sotpl stgrehei contehe

m xture and_noved around, The m xture was then transferred to a beaker and
washed i readsto@ané&quationawith a corpelatign gmﬂ'zclmqm Y7ty shefetlowsn® e@eativn: with H, 0
and di ethyl ether and then the fra&%;hg g d and conbi ned. The m xture
was washed with H O (2 x 200 m_ ayer was then separated and
the vel atwheée S£%@ﬂper&lﬁa§é%?‘sfﬁ&xeqh@§€lﬁélyﬁﬂféﬁ The felatfoisBipest totad
recrystallization from hexane at 0C as pale yellow crystals (22.36 g, 16.3
per cent meneug to mert Hemm c@mbe:usﬂ)d todmemnnﬂ: ancactunl nelHndexxvalbe (usingthebe=5. 7

Hz, 2 H), gl) , 33HH=5.5 Hz, 2 H), 7.26 (s, 1 H),
7.53 (s, °B °n51f: 26.01, 32.19, 33.24, 36.93, 118.90,

éZZHI 6O i;g 859330?0 If rf%,@yln}ﬁqﬁgﬁﬁ%&%?gtggr gxt'e% coﬂ?n{\@th%%gu?éﬁ%eftor

1, 2, 3, 5- Tdw Qﬂh}tdtfaﬂferplhﬁﬁbdr“)ﬁﬂiertdmhﬁon becomes:
3,5,6, 7-Tetrahydro-s- Hydri ndacen- 1( 2H) -one_(12. 00 g, 0.06967 nol es) was

stirr@d in diethyl ether (20500029 1730@5335&@‘8? (0.105 nol es, 35.00 ni of
3.0 M sol nlnd en) S y. This m xture was then
al | oned t‘gﬁés ngﬁ faﬁz’rc‘é%@?ﬁ%g‘#%g} atire. After the reaction period

t he m xt eqq@d] d by pouring over ice. The m xture was then

acidifie p wth HCO and stirred vigorously for 2 hours. The organic
| ayer was t heninterpelymice styrene comteheandwatactic gty stytene ddGenttaticnmatetehen dri ed

over Fi.ltration foll oywed by the renov atile sulted in
The | o Qetermingd SHine Proihy g tear mavecresonagts ¢ HONMES . Alberopon SRIE° 50

F??E&)yﬂ Swe?&%ﬁqﬁ@@%ﬁd‘%&? forbetbilhe ?b@%éﬂﬁi%‘% founol6 >

232. 05. 3)ohﬁrcmpavaé i1 81+ 302 péreeht pobymiertbyadbaighito-Melp hredey (L y wasndeakaea dilithi um
salt. %’3 5- Tet rahydr o- 7- phenyl - s-i ndacen (14.68 g, 0.06291 nol es)
was sti rr idg foristesmining mlmencagtrﬁm| Thus vehso the f.o¥as ereatenthen 2#/19 o

501Ul o1 4. QyhBENEAS MBS, RSB, vl TSl 2SS0 ) P 0

stir overnight Ion’ perio

suction fmterpsaymﬂwwmdyaid whersmhllﬂwwwﬁhms Sng30esiny20 mghefxane, dried
under vacuum and used w thout further purification or analysis 34 -t~

2 JUNR0200nRteypylymen was psedC The guerpolynss werpweighed diregly intg)2 mmsempies| d) . 4)
Pr epar at

o betai 18Be14 975 L liguqrof TCE-: was added by syrings and the tuhe wes sapped
1, 2, 3, 5- eith aRiglt-BuimgPotybihyléne dapa oIhe Qamplies vehé HOAtePInta watk? bafiPat@s5°€. 05102

to soften the interpolymer. To provide mixing, the capped samples were occasionally
brought to reflux using a heat gun.

25 Proton m spectra were accumulated on a Varian VXR 300 with-the sample
probe at 80°C, and referenced to the residual protons of TCE-d, at 5.99 ppm. The
delay times were varied between 1 second, and ‘data was collected in triplicate on each
sample. The following instrumental conditions were used for analysis of the
interpolymer samples:

30 Varian VXR-300, standard 'H:
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5 noles) in THF (50 nL) was added dropwi se to a sol ugion of Me~SiCz ﬁz JUN 2007
19.5010 g, 0.1511 noles)fin THF ( 100 nL) at OC. This .m xture was the
-allowed to stir at roomtenperature ovenught. After the reaction period the
vol ati | es WOr984T¥%pved and the residue extracted and filter #FTNEWExane.
The renoval of the hexane resulted in the isolation of the desired product
as a yellow oil ( 15.1492 g, 91.1 percent yield). 10 "H NWMR (CDd 3): doO. 33
(s, 3 H, 0.38 (s. 3 H), 2. 20SweepWidth/5600H4z 2 H, 2.9-3.1 (m 4 H, 3.84
(s, 1 H, 6.69 (d, 3JHH=2.8 Hz, 1. H, 7.3-7.6.(m 7 H), 7.68 (d, 'JHH=7.4
Hz, 2 H). "C NVR (CDC13): d0. Asquisitog Timg, 5802 se¢ 05, 33.18, 46.13, 116. 42,
119.71, 127.51, 128.33, 128. 63,3 51%191(5!;\?’8 ;Esgn@ S 1, 141.31, 141 .86, 142.17,
142.41, | 44.62 15 GC-Ms: Cal fﬁte rC-oHz~Cl Si  324. 11, found 324.0. 5)
Preparation of . Frequency, 300 MHz

N-(1, 1-Di net hyl ethyl)-1, 1-di net hyl - I- (1, 5, 6, 7- t et r ahydr o- 3- phenyl

s-i nd&en-1-yl)silanani ne. ChiReladilsee hyl (

1,5, 6, 7-t et rahydr o- 3- phenyl - s-_li ndacen- 1-yl)silane ( 10.8277 g, 20 0.03322
nmol es) was stirred in hexane (‘T%H! s NEt3 (3.5123 g, 0.03471 noles) and
t-butyl arpe i added. This m xture was al |l owed
to stir for %ﬁﬁﬁ@%&é‘i;@ﬂeﬁa#%?ﬁgl%%g@%ﬁﬁ%g}i od the mxture was filtered
and the vol ati [rtgallye aDHNMRespectringor a1sdntyte bf tegiolyatyrede, haeindasi r ed product
as a thick red-yell ow oil %10. 6551 g, 88.7 percent yield). _ 25 "H NWR
(cDc13) : wolegnlar weight (Mw)@f 392080, wasacquitedwith g delpyjtime of arg gegond; jThe-7. 2

Hz, 2.H, 2.9-3 0 4.H),.3.68 (S;.1 H..6. 69 vl o 1:3-7.5 (m 4 H,
s Ol B e beitn b bialic Siohs ¢ S o prprhs ShEwIET 03" 55
34.11, A6r#Rre £7.54, 49.81, 115.80, 35 1 2 J U N 2002 WD 99147592
PCTNS99105706 119. 30, 126.92, 127.89, 128.46, 132.99, 137.30, 140. 20,

140. 81, 141.64, 142.08, 144.83. 6) Preparation of
N-(1,1-Dinethylethyl)-1,1-dimethyl-1-(1,5, 6, 7-t etrahydro- 3- phenyl 5
s-indacen-1-yl) silanamne, dilithiumsalt. N-(

1, 1-Di net hyl et hyl ) -1, 1-di net hyl - 1- (/L 35\6m/- t et r ahydr o- 3- phenyl - s-i ndacen
4 s) was stirred in hexane ( 100 nl)
as nBuLi (0.070 noles, 35.00 nL of |X solution in cycl ohexane) was added

1-yl)silanam ne ( 10.b551 g, 0.029

slowy. This mxture was then all owdd #0 8tir overnight during which tinme
no salts crashed out of 10 the dark yed solution. After the reaction period
the voiatiles were renoved and the {
50 nL). The dark red residue was t
purification or analysis (9.6517 g, .7 percent yield). 15 7) Preparation
of Dichloro [NN( 1,1-dinmethylethyl)-d 1-dinmethy 1- | -[( 1,2,3 ,4,5-h)
1,5,6,7-tetrahydro- 3-phenyl -s-i ndace%l-gke?l'] silanam nato(2-)-Ntitani um N-(
1, 1- Digret hyl et Mytkgralk, werd imBakivel adound thedprbiors 1abeledliy Bigars1 pihery! - s- i ndacen
1-yl)silanamne, dilithiumsalt (4.5355 g, 0.01214 moles) in THF (50 ni)
was addeddesigpaigsaESt integral 4y i (prasatic, @ogud it )ppryds bemed to be thexheeenol es) in
ITF7 (13513080%2’@6%%%0%}%3?9 ;ﬁtxgﬁu grsa.lr v \f&ﬁgﬁ%l)r{la }I&agrohgd %té Igprrfl)otl:xe %wg Aers prol?gncsj. 2

The two aliphatic protons labeled a resonate at 1.5 ppm; and the single proton labeled b

is at 1.9 ppm. The aliphatic region was integrated from 0.8 to 2.5 ppm and is referred
20 toas A,. Thetheoretical ratio for A,,: A¢q: A, is 3: 2: 3, or 1.5: 1: 1.5, and correlated
very well with the observed ratios for the polystyrene sample for several d-elay times of
1 second. The ratio calculations used to check the integration and verify peak
assignments were performed by dividing the appropriate integral by the integral A,
Ratio A is A, / Ag.
25 Region A, ; was assigned the value of 1. Ratio Al isintegral A,/ Ag, All
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added and the mxture allowed to stir for an additinal hour. After tifejUN 200
reaction period the vol atiles were renoved and the ¥ esidue extracted and

. filtered using toluene. Renoval of the toluene resulted in the isolation of

a dark resWQU/M475Ri s residue was then slurried i n hexane andPELYPEUNS8 oC.
The desired product was then isolated via 25 f||trat|on as a red-brown

crystalline solid (2.5280 g, 43.5 percent yield). "H NWR (CDCI 3): dO.71
(s, 3 H, s;ﬁ:c&i chir,ctea Hﬂ)/;: ttic %e(tsd 1%5: Il-l) 1 SZnGgmlﬁn(rmo af f+p 2 mx-(&+B).(m 4 H),
6.62 (s, 57 (s, 1 H,

7.70 (d," Ih&vanf qﬁfronzat’rq)to ahpb@f-(grotons .So Mwﬂuz*@@seyt.w 8'5'.5 AQJ«% 3 H,

0. 68 . i 6 UN 2002
W0 501 475 Basie e thehsilops ﬂabgfeéoa%ﬂérﬂéggpf@”ﬁé Figity 1, Thig by ™ 704
(t, 3JIHH=dlsd obkerved Wﬁen the @&o éﬁghahc?kakﬂw@l@ itegrafed-Separately- 7- 8 (m 2 H. '3C
NVR (CDC13): di1.29, 3.89, 26.4 62, 32.84, 32.9 63 16 98. 25, 118.70,

121. 7% 125. 62Forme eﬂwlemMrw mnezaolymersms 'HlNMlQapchra using melanamem

146. 15, 5 148 93, MR do. 90 7. 26.46. 32.56, 32. 62. 88,
08,14, 1168t ‘i‘&sei‘%‘?g mi%ﬂ%% 71’1%7’%’6”3:1‘;%5 "§§ é%éﬁ € integration igtb

135.04, 1
D et hyl [él—é‘(kﬁzll I met et r?g'l/lﬁg} i&ﬁrﬁa&? tt%RSI'?P FESE Atﬁg_\\%lalstheo&p
, 5, 6, 7- t eproadnsdifaPS- hﬂ&wke sntegrdameuftheyahbhaticaagnmr@,t a(tﬁe)spécﬂmm afnthem

Dchloro[l\l—(lldlrrethlethl -11d|rrethyl %1 3,4,5-h)-1,5,6,7
t et r ahydr BUEFPRlEISEH inglu riﬂaale@?mpw om§ frameth ﬁ\e ¢ iintgTRO f(romlswo g,

ol os 0. TR cfiR tebipegedlVf s o) S 5 Bimey 3“%‘*%563&%5? Meak & 88, i

m xt ure Wagmtd)ens BEdivéEfofthe dthieP uxromaﬁfctsegnatsfwadrxﬁaoaeheve@ww&hetﬁaﬁely
vol atiles were renoved and the residue_extracted and filtered using hexane.

Renoval ofo tha@Phdsmapolysienprebabily theyaetapuvtans)o(The peaeassignmenti foratattict as a
Rl ok Co B o W R 21
.7 38( el mpleofpobyionénding Rafbleduly ‘Je%ﬁgté“?‘z?gfﬁ%".’@‘-’]’?@%ﬁs

(CBDEY3  dieaténable ddumPionidnce3 &t iy 188 ldels o’i'zﬁta%ﬁc pBB/s6Rens BnB2a vary8. 62,
o il Shrilie i o bttt e 1
g2 190 (2l Pt LERAC\TE of Ve, SHBLERICURLIl) ot a o210

provi ded Qth&vIelygietéEhﬁmhgahﬁa:BS ¢anedti quid full at 475 psig (3 275 kPa).

Process flow was in at the bottom and out of the_ top. A heat transfer oil
37 The following equations were then used to determine the degree of styrene

20 incorporation in the ethylene/styrene interpolymer samples:
(CPhenyl)=C,, + A,;, - (1.5 x A;y)
(C Aliphatic) =C,, - (1 5 x Agy)
s, = (C Phenyl) /5
e, = (C Aliphatic - (3 x s,)) /4

25 E=e /(e +5)
S.=s./(e.+5sp)

and the following equations were used to calculate the mol percent ethylene and

styrene in the interpolymers.
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'~ 1 2 JUN 2002 WD 99147592 PCTNS99/ 05706 was ci rcu}ea,t ed through thqg 2 JUN 200

jacket of the reactor to'rénove sone of the heat of Treaction. At the exit
. of the reactor s a mcronotion flow nmeter that neasured flpeﬁl‘z%qmgﬂkuti on
density. AYQ 7 on the exit of the reactor were traced wt pSI
(344.7 kPa) steam and insul ated. 5 Tol uene solvent was supplied to the
reactor at 30 psig (207 kPa). The feed to the reactor was neasured by a
M cro-Motion mass flow neter, A variabl eEShEed dia b ?m punmp controll ed
the feed rate. At the di schaW@%’FoF@Qﬁzl_*y b AP g si de stream was
taken to provide flush flows for t o Iy cilnj ction line (1 Ib/hr
(0.45 kg/hrd)) and the reactor agitator (0.75 I b/hr ( 0.34 kg/ hr)). These
~flows wer®%heasured 10 by differential pressure flow nmeters and controlled
by manual adjustnent of mcro flow needbe,\{ahves. Uni nhi bited styrene
nmonomer was supplied to theyfeggtor_at D psirg {')n7§1 ). The feed to the
reactor was neasured by a Mcro- I\/b(,'c_onzgﬁa:.s(st er. A variable speed
di aphragm punp controlled the feed ' rate.” The styrene streamwas m xed with
t he remai ning solvent stream 15 Ethylene was supplied to the reactor at
600 psig {4,137 kPa). The ethyl ene stream was neasured by a M cro-Mtion
mass f8 ow net ewhgress. apdiepgre styrengangetwienetprotanfracsions imtheiiptgrrolyswer, A Br ooks
flow meter/coptrol |l ero wagused to.deliver hydrogen into the.ethylene stream
t “the o BRGS0 ELRE Ol rRions 5F S emeHoRemE: BRI Dgen i xt ur o
conbi nes %ﬁ&nérhﬁﬂ?@in‘t’&@&lﬁ@%ﬂ& gctilelygam at anbi ent 20 tenperature. The
tenperature of the solventlnononer as it enters the reactor was dropped to
--5 C by an exTheaweight pértént o5aPF inyihe linterpolymers avdsahen détermined bprtheent er ed
the bottom of the reactor. The three conponent catal yst systemand its
sol vent flolleWingeayaioR'ered the reactor _at the bottom but through a
different port than the nononer stream 25 Preparation of the catalyst
conponents took place in an inert atnospheAesdlYove box. The dil uted
conponents were put-in nitrogen pgwtess)eyl 4 and charged to the
catal yst run tanks in the process area. Hroffthese run tanks the catal yst
was pressured up with pVs%aPt s sured with
M cro-Mtion nmass flow neters. e with each other and
the catalyst flush solvent just hrough a single
injection line into the reactor. 3 2 JUN 2002
PC3' NS99/ OSl Ob Pol yneri zati on was stopped with the addition of catalyst
kill (water m Ketotal tstyrensl opaten) wasalso titterminad tbyrquantititive Foumer after the

m cronotiaon flow neter nmeasurin solution density. Oher polyner

addi t i ves?@a#°%lﬁﬂéﬁsai¢ﬁ$ﬁ°ﬁ§%€tﬁ§r yst kill. A static mixer in the line
provi ded gisrolentad PréedhRSorObal ¥8ill dontdnt and additives in the reactor 5
ef fl uent Stream IS Stream next entered post reactor heaters that provide
addi ti onal eneThpodenrcellest sak based anenibqrdd irdthusédn tehnigué.| Tsdvalamer((Vod as t he

effluent exjted the post reactor heater and the pressure was dropped from
475 pH g ,finsveks%)(g r e3eh foam, sample Wasecorded o J&s|foara samples, Wereact or

pressure r ol | S . -] Lacket ed
Gevol at 1 1790 St Boifi, oFd Bsitat BEORNK HENip ERYSHER, PLtal oihe WIS, o,
t he pol ynidedite cdrh@ctby desibdatdre b filtbh Haskohsetliab @diqaitd reservolie Anothepffiliehe
devol atilizer. The stream was condensed with a glycol jacketed exchanger
and ent er Beskiused agalineid b was\placed bepyaep theliquid Seseireein ardje vaquemapymp c ol

j acket SOLv)eﬁeﬂtw ancsi (ﬁ{gyre el.et hyl ene s‘ﬁgatr %tri oghvess Sol vent and styrene
were remoVed fromThe Bott omBrSHfSHRETATURT LT ene from the top. The
ethyl gne streamhe'Bguid usedBARISTEH wik Wharét WtE0 75 Yekdedl ol R ESmibA\WiskEdoap and
anal yzed for conpoSition. The neasurenent of vented ethylene plus a

cal cul at i (aativd ingrediegit s saler solublesurfactant thatds sodiveniatie] gulfate). Skhegaducedr e used
to cal culatg the ethyl ene conversion., Th ol yner separated in the
devol ati | ?‘Eg"e@@é‘c’ﬁm?‘%{d CREWIRS &’eﬁ@ﬁr&[ﬁ%@&ﬁ’ﬁ“’ésﬁgﬁ%o devol atilizing

vacuum ext et Tty Y BOPUES Viohi (000 B abbRegliond. 20

This strand was ¢ S It was pu a’‘wat er XCess
wat er waswhas alfowddrto stdbiléze hpprocimatdli 16iniinaes). t ORcesstabletthepiastihinibedtbrhnt 0
pellets with a strand chopper. Preparation of ESI # 7 and 8 25 ESI-7-and 8
were substantially random et hyl ene/ st y2®ne interpol yners prepared

e (D




using the follow ng catalyst and pol yneri zation prqcedures. Prepar atil‘?”JUﬂfZUUZ
Cat al yst B: (1H cvcl o~ent a[ 1] nhenant hr ene- 2- vl | di met'hvl (t - but vl am dol
. silanetitanium 1, 4-di phenvi but adi enel 30 1 ) Preparation of lithium1
H cycl opeWY@P#A2nant hrene-2-yl 39 ' 1 2 JUN 2002 WO 99P&FA499/05706
PGI/ US99/ 05706 To a 250 m round bottom flask containing 1.42 g (0.00657
mol e) of 1H cycl openta[ 1] phenanthrene and |20 m of benzene was added
dr opwi sethedigaiditeservoig tq thsodayicsator wias insertechingy the liquidy Keevaguwmmaenp The
solution wasg allowed.to stir. overnight.. The lithi umsalt s.isol ated by
FrLLr i SRS el YRR offy RsibciFing SSBOsFResC pistswn 40 Hie Ve ang Eiking B e oum
| sol at edi; i lFbnYase 1i /7 N L snduatiierted t he
pr edom ﬁlél%l'%l&ifg)oner : ug@;ﬁalfggé)?rtlﬂ%)e egteﬁt eoré}%é;g'i ???)%WZS}/ ﬁ%?%d[;jgﬁe{mn of
( 1H cycl mpheteseioite nanémthe desieeaydr) platere Alfier aboutr Idsminates, the sampléGvayl r ound

bottom fl ask containing 4.16 (0.0322 nol e) of 10 di et hyl di chl orosi |l ane
( Me. ,55i gemoved sipm 81 lighid and bloftad ydthar papshtqwality rexpeve aay eXcess walarsa a

D ol ontR sufesse Fhel Al el Wofdned o itk W \ohe emoun of liguid apsorbedand

appr oxi nik &bt weigtQWw) valstrédordddl. Clhel dpenzell ¢offent\@s pércém \bpéh b&]ﬂ&ﬁac*s_edUCEd
pressure, leaving an oily solid which was extracted with toluene, tiltered

t hr ough tentcalenlatash froradhe following formiuda (Celite' ' ' "' ~, washed twice 15 with

t ol uene and dried under reduced pressure. Isolated yield was 1.98 g (99.5
percent). 3. Preparation of ( 1

H cygd opent a[ | ] phe Al L By b i | iy ane To a 500 m
round bottom flask c rﬁgﬁﬁﬁﬁée%ﬁég g%?o l\%& %Dwﬂe@omﬁy 20

cycl opent a[ 1] phenant hr ene- 2-yl ) di met hyl chl orosi | ane and 250 nml of hexane
was added 2.00 n éo. 0160 nol e) of. t-bg;yl am ne. The reaction m xture was
al | owed Wherstd is thedensity of he prlymer iniglemi.i | t er ed usi ng di at omaceous earth
filter aid (Celite' ~' ~, washed twice with hexane. The product was isol ated
by renoving residual solvent under reduced pressure. The isolated yield was

1.98 g (ERpdtim t@l@l’béedu?@f&-mﬁf@?ﬁérﬁtﬂ,% QidoAbgbirbéricBi 0 ( 1

H-cycl opent af I | phenant hr ene- 2-y Imethyl (t butylam do)silane To a 250 m
rountf bot t om In thiktestahe dnnwaight ofthedodro saoply wad myordéd. (The sample was

cycl opent al 1] phenant hr ene- 2-y1).di ret.hyl (t-hutyl am no) si l.ane). .and 120 m of
benzone. BN AR dua g pergrsesEosc Bt ot soldhin FREACSRrsi S EHOn BuLt i n

i xed heaggfom)T e dimplclRad g0 NG IR olch RIFINIRHONHAS 24 8ty O

m xture was stirred approximately 16 hours. The product was isol ated by
filtratithe sampkhweas temoved drdnh tHediguid endibldtteld wath aipaper tometitocrethope @aggur e.

| sol at ed

ield
e)x:less water on the surface. The sample was weighed to determine the amount of
20 liquid absorbed. The results are reported in terms of grams of liquid absorbed per gram

of foam.

Preparation of Substantially Random Ethylene/Styrene Interpolymers (ESI's) 1 - 3.

Polymerization experiments were performed using a 1 gallon stirred Autoclave
25  Engineers reactor. The reactor was charged with the desired amounts of cyclohexane
solvent and styrene using a mass flow meter. Hydrogen was added by expansion from
a 75 mL vessel and measured as a pressure drop on this vessel (delta psig), then the
reactor was heated to the polymerization temperature of 60°C and saturated with
ethylene to the desired pressure. The catalyst was prepared in an inert atmosphere

30 glovebox by successively adding hydrocarbon solutions of the catalyst (titanium (N-
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was 1.08 g (100 percent)., 5 5. Preparation of ( 1 -~ 12 JUN 2002
H cycl opent a[ 1] phenant hr ene- 2-yl ) di net hyl (t butyl am 8o) si | anetit ani um
-dichloride To a 250 ml round bottom flask containing 1.17 g (0.0030 nol e)

of Ti C133TWB99MTs92bout 120 ml of THF was added at a fast driRFT/E%/05Méut 50

m of a THF solution of 1.08 g of dilithio ( 1

H cycl opent a[ 1] phenant hr ene- 2-yl )di net hyl (t 10 butyl am do)si | ane. The

m xt ur e Vigb-dithéthylethydjdimbibyl( 1402, 3 46-1{)- 13[4, Atetrainetipl-t2,4vey€lopéntgiier(-0- 002

nol e) of solid Pbdl 2 was added. After stirring for an additional 1.5 h the
THF vias. nARoRminAeRl 2 VB dimetan CARE 11307des s andbe S0ea88ySh th 1 ol Uene,

o575 RSB b5 FEAARRIGG 1000 hodagoc ool 1. iel
H cycl 0p%ﬂétﬁ%l&]&hﬁﬂﬁﬂié‘ﬂo?ﬂﬁe:@fany?d%i]gmbﬂoﬁi ARt MbseTasiMIMAIO-B3RCICASRT UM

1, 4- di phenyl but adi ene To a slurft

( 1H c$cl dpéfdR7215) e enougir aidiiahalysol ventie giMe(attotalivolbmeiofi@Psnl.a®bke i t ani um
dichloride (3.48 g, 0.0075 nole) .and 1.551 gm (0.0075 20 pol eg of .

1, 4- di phehlyB¥¥ ol Bhie was labo?0 ddrerptalyst solutionwagthen en§igEed Y SYIREe . of a

1.6 M solyti : {0, 0k . 2).. i [ { r kened.
The tempdy bRt affidh lods e b g HacE b B RE A Contn

m xt ure WRhgnedlow if high pressufddol VP Tha polyendrizatich WisSalloWedl tipeddeed foras

cool ed to about -20C and the volatiles were renoved under reduced pressure.
The resi dperaximaslyu3Q migutesiwhile faedirg eshylensceniderasndite snaintairbe desied f or

apprqxi matel v _16-hours. The m xture was ¢ool t o .about -25C for .about 1 h.
The' 3B Sl TH ARG o Slehs Pt e e teRafRinves RIS HREA | e
under 1 eqHgRqloW @i The POR/ntbrisRtidR W3 dimtpel e He rdhactordh@Sonitrbp&l- t hi nbl e
and solid extracted continuously wth hexanes using a soxhlet exiractor.
After 6 hpusgesglassddetiiareTlsopolymensolutimewas dumped in dway,itsudatedin  The ni xture

was cool ed to 30_.aboyt -20C, .isolated.by. filtration fromthe cold m xture
and dri ed® ’ﬁléﬁﬁa’e%‘d&gm ‘h9¥°“BELV, gfie‘gmﬁN“E@B?V‘?‘)- Yragegyocess
PGTNS99/ : &5t ga%lfgé . i id...JThe
filtrat eoc\?\)/égﬁlgﬁgscar c’ée%. es\ség (l‘guélg% Fﬁzﬁ%&%%ﬁ g%%%ékgyéﬁés}ﬁr%dg arl{%l- t he

extrast i cunmmarizedieTabdethh an additi onal quantity of m xed hexanes to give
an additional 0.46 gmof the desired product as a dark crystalline solid. 5
Pol ynmeri zation for ESI 7-8 ESI 7-8 were prepared in a continuously
operating | oop reactor (36.8 gal. 139 L). An Ingersoll-Dresser twin screw
punp provided the m xing. The reactor ran liquid full at 475 psig (3,275
kPa) with a residence tine of approximately 2~ mnutes. Raw 10 material s
and catal yst/cocatal yst flows were fed into the suction of the twin screw
punp through injectors and Kenics static mxers. The twin screw punp

di scharged into a 2" dianmeter |line which supplied two Chem neer-Kenics

10- 68 Type BEM Multi Tube heat exchangers in series. The tubes of these
exchangers contained twi sted tapes to increase heat transfer. Upon exiting
the | ast exchanger, |oop flow returned through 15 the injectors and static
m xers to the suction of the punp. Heat transfer oil was circul ated through
t he exchangers' jacket to control the |oop tenperature probe |ocated just
prior to the first exchanger. The exit stream of the | oop reactor was taken
of f between the two exchangers. The flow and solution density of the exit
stream was neasured- by a M croMtion. 20 Sol vent feed to the reactor was
supplied by two different sources. A fresh stream of toluene from an
8480- S- E Pul saf eeder di aphragm punp with rates neasured by a M croMtion

fl owmreter was used to provide flush flow for the reactor seals (20 I b/hr
(9.1 kg/hr). Recycle solvent was m xed wi th uninhibited styrene nononmer on
t he suction side of five 8480-5-E Pul saf eeder di aphragm punps in parallel.
These five 25 Pul saf eeder punps supplied solvent and styrene to the reactor
at 650 psig (4,583 kPa). )
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" Fresh styrene flow was ngasured by a M croMtion flg,wneter, and totaJinUN 2002
recycl e sol ventlstyrene: fl ow was nmeasured by a separate M croMotion
. flowreter. Ethylene was supplied to the reactor at 687 psig (4,838 kPa).
The et hyl ewo 9/478%2m was neasured by a M cro-Mtion mass fl oWETRISII/ISTEF 0ok s
flowreter/controller was used to 30 deliver hydrogen into the ethyl ene
streamat the outlet of the ethylene control valve. 42 12 JUN 2002 WO
99/ 47592 PCT/ US99/ 05706 The et hyl enef ABHEODen m xture conbined with the
solvent/styrene streamat anbjient fenperature. The tenperature of the
entire feed strgam &84t gnPewwdpsigic Pamges polvesd) Hudsogemdelinpsigt o 2C by an
exchanger with 410C gl ycol| onglphe j ck@é). Prepar gtion @lp,f he three catal yst
conponents took |place in tlhree separlate tahks- frhesh solvent a 5
concentrated cat/al yE8ftocat al’§&82)pr gni R1we| e 78ddgd ardd %Y into their
respective run t@aMKEsEAT f[€U3R[H6D) [ TE 1695 C OBay 1 4 vang apnsoppeed 680- S- AEN?
Pul saf eeder di af mpunys. As previouslylexplailned, t reel conponent
catal yst system|ent E?ed tHe rédd8br | 88 t hr obigh [an i hf €82dr and static
m xer into the suctionm srde of the TW T Screw punp. T1he raw nateri al feed
streamwas also fed into the reactor |oop through an 10 injector and static
m xer downstream of the catalyst injection point but upstreamof the twin

screw pu suction._ Polynerization was stopped with the addition of

cat al yst n&t&%@iﬁsﬁ&ed with solvent) into the reactor product Iine
after the Mcr ion. f10 er neasurijn | Ut density. A static
m xer %n the | m’f Iov nge&ovigl?lérp»é/?ss?rgﬁ&gﬁ "??1%@5@@9@& ﬁ%‘) Tgléﬁéﬁlﬁ%méddi tives
in the reash@hudtkbhiehPactdr’ TRBYeallibf nfiktufRAdONSREd TAPBIoRIMBRH! 25@;;?1&{5

heaters that provided additional energy for the solvent renoval ash. This
fl ash occ(?46el) afsalvent ebmpusing 2 exiktuzelof ¢yslahexaner(8aovtperdeatitand isopentane
pressure dropped fr.om 475 psi .27 kPa) down to 45 60 kPa) of
bool Ut e bl 58 RPESRY. aratirento d5ior o oo, SEket S0rene 29 EOUERMETS | ahed
pol ymer e'ﬁ%ﬁﬁ@ td 'cf\)er@attﬁnc{nfﬂo‘ﬁg%é}f)t'l'ﬂ inhibR6KRIRE s vids A1k F:rrﬁ%ve-ﬁhe
vol atil es ashing fromthe fir devol at1 zer were~“condensed wth a gl ycol
j acketied énartsawereremposbedpirpingulyivéssel witicéthylenaf The vesseluwasothen pressarever e
di scharged to the solvent and styrene/ethyl ene separation vessel. Solvent

and st yr esentrelied toassy point wishetbyiens o Hydregsn vasiadded tascomtrgl modeglare sol vent

whil e ethyl , . f T . . d
wth oM SRS, RERBUALEE O Thosdd Rlied e bt B Spdd E AR TPEC 01 ©
plus a caheitrabm@bratire bh eheWeiseld! PAGr @otymérizatibh, theveQBl wad Héfe®tostheeam

were used to calculate the ethylene conversion. The pol g,rrer and renai ni ng
sol vent sdgsires au tempeaturgiandsthe catalyseeompenepts dptaaiumt (-5 lgear punp to a

5o 15 3By B BBl e s e 3RS RHE 2L dihedtBRuBRTan:  rhi s
sol vent wg$)sHanasnaih(ZLIN)-dinetRa/ 4882 350h-82-FdNd2002 PCZ' NS99/ 05706 in a

gl ycol heat exchanger, punped through another vacuum punp, and exported to
a wast e t dmis(pentaftliosophenyl)bofom CAS# 001 W9ekS-§,<Migidledpathytaleminaxane i | es) was

BEF‘FF% !“Qf“yp‘é‘&%?%ﬁ%ﬂ%égﬁﬁ?s B 00 eardliedome FipleBilobess ofn 30k | ous
oty duaF SRR S OrRT i RETIS i REP: YAy, e e BT OR N 0

Tabl e 28 antlowedits procegwith ethytene sapyliadrto 2tecreactorlasyequifed td4maintdin vessell 2 JUN

2002 WD 991 47592 PGINS99/ OS706 TABLE 8 ]
pressure. In some cases, hydrogen was added to the headspace of the reactor to

maintain a mole ratio with respect to the ethylene concentration. At the end of the run,

the catalyst flow was stopped, ethylene was removed from the reactor, about 1000 ppm

of Irganox™ 1010 anti-oxidant (trademark of Ciba Geigy Corp.)was then added to the
25 solution and the polymer was isolated from the solution. The resulting polymers were

isolated from solution by either stripping with steam in a vessel or by use of a

28



ﬂ ESI React or Sol vent Et hyl enetydr ogenSt yr enekt hyl eneB/ fi fVA(y' ~I " i Cat al y5? ?prﬂm
npFl owFl owFl owFl owConver nonRat i oRat i oCat al yst Cl b/ hr 1%/-hr seem b/ hr Yo( kg/ hr) (

- kg/ hr) (kg -93.037.93.1 ( 1.4)13.56.9 (3. i y

) 96. 22. QSr%é%fr 2)ESI 679.031.31.7 (0.8)4.313.595.13. 5l §CTIUS9905706

OA' C (14.2)(6.1)ES1-76138620.0

(Ca8) D) acaatiiqing xeriger. 40 36 st of e sishm Gabped meehrLadippnghirocessing ~ oo
1, 1- di net <1 1z di <1 - :
13 5 a° e Rpiied infednlb Tl Wuiphigrk to reduce residual moisture and any unreacted )

titani um sthrenal Thy specHid prepdration conditions for the interpolymer are summarized in

‘Hcycl opent a[ 1] phenant hr ene- 2-yl ) di net hyl (t-butyl am do) si | aneti tani um

1, 4- di phehgblpdtandithapropertievinatable/dt C i s tri s(pentafl uorophenyl)bor ane,
(CAS# 001109-15-5),. d a nodified rrgié@/llv@lzum noxane commercially avail abl e
from Azo Nobel as MVAOBA (CAS# 146 -795) 10 TABLE 9 ESI ~wt. % Copol yner
Styrenenol'/o . emp | Totdl 10 Rin) Coct fert

-547. 419. stvadsd shedieadsgg 037, 51. 6] . 36ERI Fr69| 338 48. 90. 94ES! -
40 15 P¢l vstyrene Bl end Cponponents PS 1 Aldgedat gr anul ar

ving a \Weight—average ol ght—My—Bf—abgut 192, 000
ersity, |MRFPM] K& olit*e2] P s s | GBSl Foans
ENERI 4 U3! D2 | SODLISRE | A Bl40W D% Po60 1. 23, ~ 8.8 JUN 2002 WO
99/ 47597 - PCOHAJIS99/ 05706 Agent A foam-hg-process—conpii-si-hg—a—si ngl e-screw
extruder, m xer, coolers and die was used to nake foam |sobutane was used
as the blowing agent at a loading of 7.5 . part-per-hundred-resin (phr) for
Exanpl es 5-8 and 8 wt percent for Exanple 9 to foam 5 pol ystyrene (PS) and
PS/ ESI bl ends. TABLE 10 Open Cell FgqapLEVWth PSIESI Bl ends, Using | sobutane
As Bl owi ng Agent Ex #Bl endf oani naf oam densjtvopen cellscell

si zeConposi ti oht emBesingl ni ) ( Sewvend) Gankepe( |Vt Seyfene-Conpent 58000Meds Index
1/ 2094273761" 7]L- Ipglignatien 680% Rxl430%44242225H SEX 78Q@%min)'
PS1/ 2094303330 ZoESl APy RR0% DS [/ o0ds 174125 67ESI GEY - 9409% Pg 11 60 % |
3323 | ?80ESI BConBSiBxpt | 100 @8-7% PS |1 127533048 10|' Expéfi nentlal
procedure descfThedgsmerei n b AsgW DZ8H6 EXarmi~Tes J0- I1j,;oonen |Cell Foans

wi th PS/ ESI bl 1S _CD,_as_b.Low..n.g_AAe.n{_.A_Laa.rn..ng_pL.gcess.corrpri si ng
a singl e-screw ext Edider m xer %8ool erls and3dite 15 fas uddd to rake foam

pl anks. Carbon[ 0T OksBE (CPJ Wagiesed gs t he saiow ng |agenti.gat a Tllevel of 4.7
phr to foam a blend-of—polystyrene w-tlh ESL—?-_—'Lhe-J-t-h-eL—ad-d-i-t-i-xes wer e
fire retardant = 2.5 phr; processi ng aid = 0.2 phr; pignment = 0.15 phr;

aci d ¥avenger = Retormpned paASTVH2HR38 aidl WERA k& pol yet hyl ene = 0.4 phr. 20
TABLE 11 46

C

t
No

(cm /10O n)ES
857.226.52. 10
pol ystyrene h
and a polydis
Wth PS/ESI B

Foams were prepared in accordance with the present invention utilizing

ethylene-styrene interpolymer resins which were prepared as described above.

15 Example ]
A polymer blend was prepared by blending a granular polystyrene resin having

a weight average molecular weight of 200,000 with the ESI-3 resin. The level of ESI-3
was varied from 1 to 5 wt percent. The ES interpolymer was made into a 10 wt percent
concentrate by pre-blending the resin with the polystyrene resin using a twin-screw

20  extruder.
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;2" 1 2 JUN 2002 WD 99/ 4¥59Z PC f/US99105706 Open Gekl Foans with PS/TE*ZSIJUN 2002
bl ends, using COs as blow ng agent Ex #Bl end Conposition (w % foam
- (C)foamd g/ m ~%pen cells'cell size (~ctn)Water Ab

| UBO%PSL/ S\‘)@E@?"Fﬁgm 9030013. 6Ex 1180% PS1/20% ESl 7 |1174§"f(é'g{tig"9’°§?"?3TM
D2856 Exanples 12 : qOen Cell Foans with PS/ ESI bl ends, using HFC 134a/ CO

M xture as Blo ne ent 5 A am ocess, co |S|n a singl e-screw
extruder, mxe ‘@r‘!;asafhﬁ‘édé“(ﬂég E‘@Bﬁert‘lfaﬁtfﬁ srimded ata nj xture of

1.1 phr I—llFSf (E%L e bl ow ng
agent to Toam a Iend{-lkéﬁfoo ﬁe%p?;aga(r?]tgs %ée@ﬁh%@ﬁ leﬁ%eﬁ@%bﬁt}égs were :
flame rets@fdi&tﬁpe%xﬁu&erﬂhﬁmgﬁdﬁﬁmﬁl Aithed ol niixidgAn@ B66linY &nB8endofuskal phr;
and acid scaveﬂges— 0.2 phr. 10 TABLE 12 Open Cell Foanms with PSIESI

bl ends, sehRweAt @r@smﬁfmgamemmmgramg £ opeing forcoblovdng agend ism

te famde %,,0 |1, si V\ater |mMcClls'.~mMth
KT b TSRS K e T B ieeh S8 Sactsaing 50 0 2P A0 0BG 7

AS- 1~-M D Ghol: Eﬂg} and 12
denonst rgﬁg ﬁsglfeﬁ% foaﬁg‘pérrggggﬁlq%%rlgl eﬁgggﬁ?‘@%h@g?{/er‘%’ﬁ’gh% O#D' ‘T

subst ant ileight of dvedupenirighhiereimafior referreal tordseliggdpy, iradiustable witdlerigl widiteise hi gh

open cel | contents (at | east 20 vol percent cell) over a w de range of
conposi t if5ied B8P fB®Mri ng t enper at ur es. ~ z ~uN z002 WD 99/ 4759Z

PCT/USQQ/OS?OW! D) o9 rising. (A
from30 to 99 per eét'ggy wel gh ?d?%"h 8—98& ;F%alﬁg ﬁ%@g@ﬁ?
Conpanentzofie A1H)°B)at e tedisition 2606 q%P@eﬁme ﬁenrngrfem Q08eC wiBieSmeteAfig Wher ei n
at | east one of said al kenyl aromat i C pol ymers "has a nol ecul ar wei ght (Mj,)

of from Z00e@Dd 196)°C5@:0h¢)coxma|zdnq Bfarboordioxigde was deqiest intmthebipjestioght ( based

on the caonbin en A and B nore substantially
10 randorﬂ"i‘?ﬁﬁ?ﬂﬁgf@&teﬁﬁﬁ f CEMOHAPPT Wﬁﬁféﬂ%p%ﬂn‘m JM' of
1.5 to 2G4 I its
derived frug%%éﬁ off'%tglgg%tnor"]ﬁgé\%ﬁt @ﬁré%l?e\??ﬁl;@h ar omat éraﬂ%%ﬁ%érégr or
(b) at | d@stbwmag lhencbeland (@il)i tpdppératureto cqallthabolphﬂt/btbwlngngemrmmnﬂy| i dene
nononer, lr)ﬂ(S‘h conbi nation of at |east one aromatic viny|l_ or 20

Vi nyl1|5der(§e %}Wé’rp“a'ﬁ’dn fqamipg empsrturs. n fhe apsratye of the die oFificevasi phat i ¢

vinyl or yiaydihden GpprOR &Ly (AL Shme temperature as the cooling zone temperature.

The gel temperature where a good foam was made ranged. from 129-130°C.

The thickness of the resulting foams ranged from 7.1 to 9.1 mm and the width
of the foams ranged from 22.5 to 24.7 mm. As shown in Table 4, the foam density
20  decreases slightly as the level of ESI resin is increased. The cell size remains relatively
unchanged. As can be seen, the ESI resin has the most pronounced effect on the open
cell content. The open cell content was shown to increase as the ESI level is increased.

Open-cell contents as high as 88 percent were achieved.
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-.to 20 no

from( 1
and 48

anount o
wei ght o
A in Co

) and (2);

Corrpoor'\ént
nponent (A)

(D) opt

s A ARdVEf
. sai@d at |

or

i onal Ly
or rbhB

y T}‘l_l
easfOde al

e (

25 conbi nation tHereof;
| percent of polymer units derived from one or
et hyl eni cYYQ941%at ur at ed pol ymeri zabl e nonomers ot her than
and 30 (C) optionally,
WD 991 47592 r
JUN 2002 PCTNS99/ 05705 (E) one

one or
e or

pen cell
kenf®/mar ol

and

nor eP

addi ti

?

_ (3)

55 PF ved

nore nucl eating agents
nor e ot her
dyvi ng agents present in a total

ves; and 1

A or (Al

tic POl ymer

h 1%5&%’?’; M
Gontentped &) ¢

t han 50
wei ght (

percent—by

M ) of fr

- L L.l
WeT gt Ky

m_ 120, 000

ey

FRoTatT
0350, 000

C lTUQ?JHb‘I q
and is 10 D1

U 6%

from 50
Conponen
(B), has
in an an
wei ght o
per cent

wher ei n

group or
from tthe

to 992i per

an 12 of

cent by wei

ght Mased

on t K& con

i ned Shei ght

tay e Tofecut-e
esent in ahw

of 63

';—Bf?aid\
3 to 30 a

st gzt ar

10 mn and

Y T agEronT T
an M, ~M-

teTPghyTTET;

f 1.8 10 10:

Tﬁunmncui
IS preser

punt &f frg

m 0.55to 5(

) per Bént Dby

sed &h t he

conbidled

vei ght (b

f—15—Compor
of pol yner

R

G Bpbandt St e

sai d st er{3geellkiRiab dekhflingl

et S A—ard

S g

armdTTo

By

or vinyli
Rt

prises < I ) fromristo 50Tt
units derived from (a) said vinyl

aronat i ¢ *Avianetaniglp b€ dein®entiyn t he fol l owing fonmul a; Ar |
is selected fromthe group of

dene
C =

! f radicals consisting of hydrogen
and al kyl (1) Ranteef eshylenn-stiyrena interpplyaner apixed én par one daindyedpapts of bleadpheny |

.\/\élhgt frong 1..t0 5 substituents sel ected
girculated i COOLRE SREHQR 110 0al kyl © or (b)
Eg,hgg-'rmg_rg,mcl oal i phatic vinyl or vinylidene

nononer i s represented by the follow ng general fornula; 49
(4) Open cell content of the foam body as determined per ASTM D 2856-A
Example 2
10 Foams were produced as in Example 1, but using the ESI-2 resin (Table 1). The
thickness of the foams ranged from 5.8 to 7.6 mm and the width of the foams ranged
from 24.2 to 26.0 mm. As shown in Table 5, the addition of 1-5 wt percent of the ESI
resin resulted in foams having a high open cell content.
15 TABLE 5
Run No. ES Level Coolant Foam Cell Size Open Cell
(wt%) (1) Temp. (°C) Density {pm) (3) Content (%) (4)
@) (kg/m’)
1 1 133 50 73 70
2 - 2 133 42 56 45
3 5 133 44 67 74
(1) Parts of ethylene-styrene interpolymer mixed in per one hundred parts of blend.
(2) Temperature of the cooling oil that circulated the cooling section
(3) Cell size as determined per ASTM D 3576
(4) Open cell content of the foam body as determined per ASTM D 2856-A
20

Example 3
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1 2 JUN 2002 WD 99347592 PCTNS99/05706 A~ | Rl- C -,C(R2) wherein A" . Sjuﬁ 2002
.sterically bulky, aliphatic or - cycloaliphatic substituent of up to

. carbons, R is selected fromthe group of radicals consisting of 5 hydrogen
and al kyl woastii47892s containing from1 to 4 carbon atons, prePEXAISPYOFP&r ogen
or nethyl; each Ris independently selected fromthe group of radicals

consi sting of hydrogen and al kyl radicals containing from1l to 4 carbon

atoms, pref er apdamdweleQH6ducet adtn Eﬁix’ﬁidl'e | Wingdhe ESTaF fe¥ip) (sraEfe 13Ngh&

together forma ring system or - c) a conbination of a and b; and (3) from
50 to 85 thmﬂmpmroa"ehnresﬁltmglfqmnsramged &ome?(mea %mmmetthqmdtbocﬁthasfwanhs

a-olefin which.co r'se t one.o opy/ .ene, th ent ane,
but anc. 1 SRBLGERDS ArsnGuni aRle oh et o8 e phreess &f

et hyl eni qg%gﬁ(ﬂ%\ﬁ%éﬁ'i@tu?ﬂ)aﬁ%l %eﬁ%gﬁ%he)ggpeag%xﬁ eftt her t han t hose derived

from (1) rises nor o alkyl or C-.,0 aryl
subst ist ut ed norbornene; and 20 (C) said nucleating agent, if present
Component {C), conprises one or nore of cal ciumcarbonate, talc, clay,
silica, bariumstearate, calcium st dABLE & at omaceous eart h m xtures of

Citric gertzang—sodimbhearhonata—and—{(Bi—sokd—add-ye—i—presont
Conponent ( , corrpr’t':ssré"é'e%wpa tﬁ%]?"éTe 25@%?@3% C W%e (gm) i g;%ﬁ't%e,"
antioxi dants, acid scavdtﬂgers, ul (IQ@ oI et aﬂe(m’bers fI ddve ret Laent (%) (4)
pr ocessi rg—at !113, extTusStoi—atds; Y -’Il‘:aul Ht-y—groth-fHers; Atstratte—agents
and othdr_thernmoplastic polymers; ( saild bl owi ng_algent .” Conpdnent (E), ils
present lin a #otal am)unﬁ of 5‘0 11312 JUI\ 200248V\D QJI 475952 PGT/{US99/905706

fromO. l. 0 ments—A
O o PR sty Pt TRter ul AT RES Hﬁidﬂéﬂr ?6}%&
and B), 2 @ t& o g [ P 5‘?‘" apgent organic
bl owi )ng éH—F ?‘Weeﬁg’rﬁ‘:@ahnﬁp&ﬁpﬂc‘ @ng € co Pngc%ﬁﬂ?rhatl on ther egf I5 3.
5 )
The open ellsizgas deteaninegper ASHMA? 3516) in Conponent (A), said at | east

one a10ker(§1[) Qpﬁomahl contpntl of tee foaas badias deteririned o ARTMID2856-Anei ght al keny!
aromatic nononeric units, has a nol ecul ar weight (Mv) of from 130,000 to
325,000, a nolecular tO0 weight distribution, (M/M) of from2 to 7, and is
pr esent i Exampladount of from80 to 99.5 percent by wei ght (based on the

conmbi ned wei gh ndom

i nt er pol yner, %%rrponent %%?géﬂﬁsag%e1(ulz%'g%at%lgnigpg&%E%%h%cnsé‘aan Mv M-
from 2 t chdving & weight 8érage malecalm® wiight of 1 30000akd h@eﬁ?léﬁé-s@@érfcent (based on
t he conbi ned wei ght of Conponents A and B) and C(%g)l’l ses from30 to 50

mol pHr celterpalypet haning astyrencantens of 1.5 rPFl’C‘&)lt &St fromyTal Unelhedemi nomer

et hy! Sty R SAEon iR o 5Bk P i 4 o pRehati TG | aPROs PR o

cycl oal i piagishfie YodhYing ¥mpdrattrd, 488 8pePRNBRhenyHcPdAsELIHN the fshm density
5- et hyl i dene- 2-nor bornene or 1- V|nylcyclo-1exene 3-vi nyl cycl o- hexene, and

4 vi nyl cyddcodasssaasahe tavel of ES copolymer is increased. It can also be seen that the

foaming temperature has an effect on the open-cell content (see runs 4 and 5). Even at
20 asignificantly reduced foaming temperature of 124°C (run 5), the foam still exhibits 33

percent open cells.
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25 - ¢) a conbination of - and b; and (2) from 50 to~0 nol percent gfz JUN 2002
pol ymer units derived from ethyl ene, or a conbi nation of et hyI ene and said
. a-olefin, whic onprises ethylene, or ethylene and at |east,

propyl ene, 9,9%&9 | - 1- pent ene, butene-1, hexene-1 or octene- f?‘ﬂ?@?fuygs(?))
said ethylenically unsaturated pol yneri zabl e nononers other 51 ~~ 1 JUN
2002 WD 99/ 47592 ~ PC f NS99/ 05706 tti_a E%se derived from( 1 ) and (2 ) S
nor bornene; and (C) sai d nucI eati ng a‘t}%!ta i f present Corrponent (C)

Corrpri Sﬁwl o110 o -es—ot ier' h
sodi um Hi car boha e; EgL I5 Sdl cfoaofcﬁ tl ve p?\cggl nt|, llrarsblone 1t6ﬂ(e CerfCotien

conpri sgs one or | no@e%dfl) caf bofenpt Gk, [t tdhym di oi élen)(%)ra)hl teﬂ%)f@)ame

- ret ar darnts,—@amd—ptter gthermpptas{iC POHYTTET S3 ant B Sg) U D oW Ty—ggeTTt;
Conponerlt_(E) . i& present ih a total unt of from 0. 5 to 310 gramnples
per kildgram (baged o the gonbi "id 10 |vei ght3of Copporights A and B9
conpri siffTg—OyTe~ o NMoT g Of , (T tTOogyT, sui fur gexar ruprtogg(SF$), ar ggr,
carbon dioxide ter, air and helium !nethane ethane, propane,  n-butane
i sobut arfe, rthent ane, i*sopentane, Heoperyt ane, 49yc|opent 28, mpt hanol8!

et hanol , ~TprPppanpt Rt T SOpTopangy -, MUy G UoT T OE, PRe T | UPr OMET gTTE;
ethyl 19 fluoride, ), 1. 1-difluorget ha e (HEC 152a)l fluoroefhane (HEC 16
), 1,1, 1-tri%1uo oet t h&ne (HFC- 143@) 1,1, 1, 24¢ et r af| uor¥8@t hahe (HFEP34a),
pent af | !

1,1,1,3, 3- A g‘f eﬁ‘ihé@ﬁi&é’l @f‘ed\ er#’fuoroet hane,
ES@ ﬁi%ﬁ?%? &%‘*&i s aashitesgr e,

di chI or o

met hyl chl ori de, nethylene chloride, ethyl chloride,

1,1, 1- tl’lgw gg -it tﬂgne 1, 1-di chl or o- 1f | uor oet hane ( HCFC- 141Db),

1 chI or o- = oet hane (HCFC142b), chlorodifl uoronet hane (HCFC 22),
, 1- di chl prepardticn 8f ESI #5 5i8 uor oet hane (HCFC- 123 ) and |

-chI oro-1, 2, 2,2-tetrafl uoroet hane ( HCFC- 124? trichl orononof | uor onet hane

(CFC-11), di chESk #8i5 # 18.ase ammwy(rmrmt)ly ene/styméngrinterpol ¥rhers praparesne
(CFC113), dichl g t et rafl oroeé‘ aﬁ éCFC— 114é chl or ohept af | uor opr opane,
di chl or oHiSkE g de W‘Ggéﬁ@ ys§@nd PRy mE €AUTES, g i sobut yro-nitrile,

benzepesul fonhydrazi de, 52 WO 99/4759Z PCTNS99/ 05706 4, 4- oxybenzene
sul f onyl - sem car ba2| de, p- toI uene sul fonyl sem car ba2| de, barium

cell foam b rrponent (A,

I s pol yst ang. K - r Corrponent (B), is
an et hyl e%e?&?ﬁ%gg |fr§1’tér aﬂ&&% g?@ﬁﬁﬁdbﬁﬁ%ﬂ? glgg;nt Conponent (E), is
one or nore ofIndanb%nOGigOOWQM moldshasd B-QhMmplonybuﬂ@itE(mm%gpbﬂQMe

n- pent ane, jsopentane, .negpentane, cycl aé)ent ane, ethano

di f I ubr oehpleskwenerstirred s CH,C11 (300 ml)eat P ps Aok { 1300 8, ﬂﬂ@ﬁﬁmw was) 2 2
e SRR B A ifhuet BN, 3RS vk Al st iR oet Pore
of O ai m@mpefatireifor BRowers 2The VplatiddsGieré kifentenoWed., The mixture was then

cooled to 0°C and concentrated H,SO, (500 mL) slowly added. The forming solid had

to be frequently broken up with a spatula as stirring was lost early in this step. The

20 mixture was then left under nitrogen overnight at room temperature. The mixture was

then heated until the temperature readings reached 90°C. These conditions were

maintained for a 2 hour period of time during which a spatula was periodically used to

stir the mixture. After the reaction period crushed ice was placed in the mixture and

moved around. The mixture was then transferred to a beaker and washed intermittently
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Component (A), is polystyrene, in said substantial ls randominterpoly r 002
Conponent B 1 (a) is st'yrene; and Conponent B2 is &thylene and at |ea HNJ

. of propyl ene, 4-nethyl-1-pentene, butene-1, hexene-1 or octene-1, and t

bl owi ng ad¥@#¥4¥¥hponent (E), is one or nore of carbon di oxP&EU s'é?ﬁ%?rqé 20
propane, n-butane, isobutane, n-pentane, isopentane, neopentane,

cycl opent ane, ethanol, 1, 1-difluoroethane (HFC 152a),

1,1, 1, 2t ewithfH.Ocandadiethyleti{araad t@aabe fractiong fiteredtand cbmbinedt zheanikiize- 134)

Chi or od b PosheRaNe PR D)L 5l orasie Jayahiat i avarhied and g

density o cell size
of 5 t)(; 28%181%1%6}12%%8 %%%'sir ’ﬁ@:“éﬁﬁsr‘%&é&q E&F t@é#@@éﬁ“ﬁg% %aenm ty of
from 15 t Rextl ak@Ods pilélyéllodPcrstals (32.36 g016.3 Petcendyl@ld).mi crons. :"."'. 1 2
JUN 2002 53 "~ 12 J{JN 2002 WO 99/ 47592 PCTNS99/ 05706 8. The open cell
foam & ClRRINMR (CDGI[Eid2.04:2. 19k ke D H), B6H(RBIEHPOIHE C HRRB4-30 (RoATH), Ses
greater than 70 percent by wei ght of al kenyl aromatic nononeric units, and

the foam Bas ( 3 tsyHef 2 I omd @, 1 o1 2083 (d, 11 ans per cubic 5 neter
(kgJdnB) and aacgelﬁqﬁysl ze ofﬁg to §OOO)m crgnsqug The open cell foam of

Claim1, I r ( S14rRAt er
than 70 percent %ﬁéwlé?gﬁﬁ]y* ‘%(ﬁg?y' §§?%?F33%%%%%?qu§9%gggnléﬂt% f oam
has a densss §90f54f360004.50t 0 100 kg/ Mt and a cell size of 20 70 to 1000
mcrons. 10. A process for maki ng an open cell foam which process

conpr i sesGQ-MS: f Galpulatpdefon€] ,H, 601 3285, forndel72:05. conpri sing; (A) from30 to
99.5 percent by weight (based on the conbined 15 wei ghts of Conponent A and
B) of 1®ne or nore al kenyl aromatic polyners, and wherein at |east one of

o 500, 000 PAARLRY 1o B iapyBY FaPRuEhdleniy 4 (baset on the condi ned

20 wei ght of CQ!SP(S),V'@'&;%h x@ryiH mm‘acapepm) -01R1(2.90250.0896 RirloYes) #/aslom

i nterpol yners having : 1 to 50 10 mn, an M~M- of 1.5 to 20;
conpri si ngtirré¢diin d’wtbyri ﬂh& (QBOGEL)rmDTpvrBﬁYIgBD(O p@ﬂmnbs 3500 midef3.0M from
25 (a) at least.o n or Vi omatl C non b). at | east
one hi ndeF‘elH“%‘t"pﬁ lt%‘Fr)éWIaga%Qﬂ ?Wm’c'ﬁwﬁ WFH%W%d Sner, or 54

"Ag 209 \ﬁ%PQt?roWH R rpéfa%%g Riet hﬁ%@éc%ﬁ%@né&lh&n&%@ W juehcie gtﬁt | east

one aronatic or Vi ne nononer an | east on dere

al i phati Cpounmg/mtemada Phisd mixturewds tioen acidified ¢pHrel )wittoHEL andisiiiréd (2) from 35
to 99.i nol percent of pol ymer units derivyed from | east one of ethyl ene
or a C-. ZWeRreyshffor 2 hours ﬁrﬁ FFERME HYENWAS 'glﬁn sswaatecgynct warheé With He0 (3|

percent o 0 I
unsat ur at g‘d%?d%@et“fﬁ%‘? ?ggﬁ%%ﬁa ér'r(%t ?lo e? f(t) thgyg r| veg@#rom (1)
and (2); s8HRtiles resulted in the isolation of the desired product as a dark oil (14.68 g, 90.3

20  percent yield).
'H NMR (CDCl ): d2.0-2.2 (m, 2 H), 2.8-3.1 (m, 4 H), 6.54 (s, 1H), 7.2-7.6 (m, 7 H).
GC-MS: Calculated for C._H_ 232.13, found 232.05.

18" 16

3) Preparatior; of 1,2,3,5-Tetrahydro-7-phenyl-s-indacene, dilithium salt. .

25 1,2,3,5-Tetrahydro-7-phenyi-s-indacen (14.68 g, 0.06291 moles) was stirred in
hexane (150 mL) as nBuLi (0.080 moles, 40.00 mL of 2.0 M solution in cyclohexane)
was slowly added. This mixture was then allowed to stir overnight. After the reaction
period the solid was collected via suction filtration as a yellow solid which was washed

with hexane, dried under vacuum, and used without further purification or analysis

34



(C) optionally, one or mae nucleating agents and (D)-\ optionally, one1cerUN 2002
nmore ot her additives; and (l1) incorporating into said nelt polyne
material at an el evated pressure to ~15 form a foamabl e gel ’(é_F)&ﬁ?% _@g nor e
bl owi ng a4 7’8%sent in a total amount of fromO0.5 to 5.0 oS per
kil ogram (based on the combined wei ght of Conponents A and B); (I11)
cooling said foamabl e gel to an optinumfoam ng tenperature; and 20 (1V)
ext rudi ng12.867% 8l 8¥.1 percentapeld). | through a die to a region of |ower pressure
to forma foam 11. The process of C aim 10, wherein A) in Conponent (A),
said at |east one al kenyl aromatic polynmer has 25 greater than 50 percent

by vei gth)aﬂ’I‘éﬁﬁkééhoﬁbPGﬂfoké‘dxmgg‘?rs' €7 4éthdn§ drodSLPhERA-sAndRIRCUY BEilaife! ght

rom 120, 000 to 350, 0 and is present in an anount” of from50 to_
99 5 per cent b, 2,8¢5- @‘bnrawuﬁséthmyl-s-mdacent hhhuhnmbaaledz 20/Si gy10t05d02Conponent s

A and B); sai d substanti a@é{é random i nter po mer, Conponent (B), has an
12 of 530 mols~°>)tla TEF HOmLywas added dsopyisato asolutign ?Wfélclzsﬂ%éeégﬂt in an

per cent 53@”&2%151%{]% A AR LA G TR R e e Bl e B biTe) . ang

conpr i sesempératurk b0 t.t RfiethBPdachiSh peridd G vBRkiYe¥BWert Rérhveledridvge from
(a) said vi nyI or viny |dene aromati ¢ nononer represented 5 by the

O 1001 (B & CorErE L e o dragon ond Bl ul tadi ool 2"%5:‘““23“ threg O 7

\(/:ma'[ EopfodW ?‘é%%°%§ﬁ(5ie§fe(alp§;t h F%?IWI?‘BY 8@}5 %P’ @qg]h E}) subst L;:Jged
. ~-18) k%&ﬂﬁ&éwj 3‘15 6§ 3}6 h?’%((f;) ég%?()t ?}ﬁ%‘%oéiglg ti phatic

?Ll oi g Bhidks T Bpptld AR Pffz?@%ﬂeéeéw%%&ﬁ by e

steri cal I%{bul l%/B al i ghatl c or cycloaliphatic substituent of up to 20

car bons, Hed fromthe group of radicals consisting of 20

hydr ogen ,and a radicals containing from1l to 4 carbon atons, preferably
hydr ogen i NMRI&JDCIQadQ 2R70.38 26. Z&diépﬁnalxd& 46.5511d6t48d119.8n 12765 lgroup of

radi cal s consistin of h drogen and al k radi cals containing from1l to 4

car bon_atl@$s33, g28 JeP boléd s 12‘5 ﬁse]t4lgyll7 18245 4% &at i vely R and A
toget% (E@rf\%a Cfdl&ﬂaéé’?ér?f”H0@18%2@1?%&'%4 g of a and b; and 56 r 1 2

JUN 2 20772
5) Preparation of N-(1,1-Dimethylethyl)-1,1-dimethyl-1-(1,5,6,7-tetrahydro-3-phenyl-
s-indacen-1-yl)silanamine.
Chlorodimethyl(1,5,6,7-tetrahydro-3-phenyl-s-indacen-1-yl)silane (10.8277 g,

20  0.03322 moles) was stirred in hexane (150 mL) as NEt, (3.5123 g, 0.03471 moles) and
t-butylamine (2.6074 g, 0.03565 moles) were added. This mixture was allowed to stir
for 24 hours. After the reaction period the mixture was filtered and the volatiles
removed resulting in the isolation of the desired product as a thick red-yellow oil
(10.6551 g, 88.7 percent yield). _

25 'HNMR (CDCL): d0.02 (s, 3 H), 0.04 (s, 3 H), 1.27 (s, 9 H), 2.16 (p, 3JHH=7.2 Hz, 2

H), 2.9-3.0 (m, 4 H), 3.68 (s, 1 H), 6.69 (s, 1 H), 7.3-7.5 (m, 4 H), 7.63 (d, 3JHH=7.4
Hz, 2 H).
"CNMR (CDCl,): d-0.32,-0.09, 26.28, 33.39, 34.11, 46.46, 47.54, 49.81, 115.80,



" WD 99/ 47592 PCT/ US99/ 05¢06 (2) from50 to 85 nol pegcent of polymer Y YigN 2002
derived fromethyl eneor said a-olefin which conpri4es at |east one of

. propyl ene, 4-nethyl-1-pentene, butene-1, hexene-1l or octene 1, or

conbi nat | WOOHEBEEOF : and 5 (3) said ethylenical ly unsaturat &ETHOSVNENS zabl e
nononers ot her than those derived from( 1 ) and (2) conprises norbornene,
or a C .,a alkyl or C~.,0 aryl substituted norbornene; and (C) said

nucl eat i nhl B3@AR6.92f 1357.8% d28,46CHIHHNdi37.30C)1 40 20n]#0.8le d4b16dd, b42.08y e of

cal cium carponate, talc, clay, silica, calciumstearate, barium 10
stearate, I#t-8d-onaceous earth, nixtures of citric acid and sodium

bi carbonate; and (D) said additive if present, Conponent (D), conprises one
or nore of inorganic fillers, pigments, antioxidants, acid scavengers,

ul travi ol ¢f Padpaeitids o N-{1, MDEmetylethvii] sl-didnehsls By 1§, 6- trah ot 3L phenylai ds,

15 perneability nodifiers, antistatic agents, and other thernoplastic

pol ynes s; s-imdacenai ¢hilenamipeadidithiumsshponent (E), is present in a total
amount of fro 0 4.0 g- sl.k sed t comyi ned i.ght of
Component s A anaey DR IeEF JSUBHYr rPe-Ran gy dapteey b s

agent (s), 1 Jfor=tcY i } A hBLLi Or
conbi nat i %) tsgereo?ﬂ@?@ﬂ%gOgrgggzg?‘ggwﬂasgpﬁgﬁh%&g?g%ﬁ?gl n Cé)rrponent
(A), sai d(0070 mekes, 35000 mil ka0 Masalution m yelohexand) ams aGdet slewdy. Thsn 70
percent by weight al kenyl aromatic ppnoneric units, has a nol ecul ar, wei ght

(M,) of Mz hemalieyebio stipoveraisht Hurng hichutimn po galks eraghad K of
(Fvi*4M ~udlaahg %?‘s?%ﬁi%n? AfAP the Radllhbod the BIRANRWite AlmdJedTndind O 29- °

percent by wel( ased” on e Co wer g hponen ahd B); 30

(B) said gdgiitueanickBl wished Dd@dxahe (20050 ML), Th Rk fdtrediBhe wagshen | Z of 57

~., 1 2 JUN 2002 a WD 99/4759Z PC TNS99/05706 0.5 to 10 g/ 10 min and an

M, | M- f r pamped drymndjusedwisheuttfurther-purifiestion of aralysis €9.651 720 877 prreesnt

(based on IPCB conbi ned wei ght of Conponents A and B) and conprises( 1 ) from
30 to 50 W percent of.polynmer units derived from5a) said vinyl aromatic

nmononmer whi ch conprises styrene, a-nethyl styrene, ortho-, neta-, and

par a- net hyl styrene, and the ring hal ogenated styrenes, orb) said aliphatic

or cyts oal) [PreparationiofDickiorofNr(l| li-diewechyletinybr k1 wiimethy 5 b+f(lr,2 Sek5-h)-

5- et hyl i dene- 2- nor bor nenel0Oor 1-vi nyl c¥c; 0- hexen(g, ]§-_vi nyl cycl o- hexene, and
4-vi nyl cy&PdhEieirgydror3-phenyl-sripdacsni lovlsianamigato@-)-NRamyiny  om SO to 70 nol

percent of pol yjrar_#al 1y : hyleoe . e 1d_.sald.
a-olefin, whic blnp%g@g%ge}{lx;ﬁééﬁgg@ heilﬂé} gnfe%{rg@éﬂ %tg’ ﬂgegg? gé‘rﬁl%lcg

pr opyl ene]-yhsiteddmine, Hilddhiung 84t (4058558010 1 1 dxnaoles)lin THRO@GeRE) was addéd3) sai d
et hyl eni cai ly .unsaturated pol irreri zabl e mpnoners ot herthan those der.ived

from ( 1 Yropmdsetop shyryef Hisd ) @908, 84114 11 mrales) in WHFAJORML). 1 This esent
_ . M : ;
ci 11 25 oryhre SEH AR SHPR AN PGS (P 7636 81 0051 p HAleD s Bl 0 e

(D), conpaddedsandiilfe xR afoMed 36 BRfob hi additiohaltivur MAfePthiedRactibndibfiod €,
flame retardants and ot herthernopl astic polyners; and2s(E) said bl ow ng

agent, Cothsoiedatiles(\wre remoyadeandrthe resiductextrarted mpd diltersdfusing Wiwneo 3. 0

gram nol eg _per KiJd.ogram (based,on the. .conbi ne i_ght of.Co ents A and B)
and conpr %E‘Qvﬁlrpé %%Oil{ﬁﬂé r%‘?“,ﬁﬁﬁl n %é?ﬂlaté‘?ﬂ ?ﬂ? g%,\fg{gsﬁ‘ﬁ‘ffo r%%%’@)","asar gon,

car bon di fheh@furrid®inHexafd 4 holéd o WTT. MiehiRBRed flodaitGvasthe fdfated'viaut ane,

i sobut ane, n-30pent ane, |sopentane, neopentane,” cycl opentane, nethanol,

et han2$, filtréion as WD Brodib&sthllihe e (528G g phH percent yaeld).i sopr opanol

met hyl flyoride, perfluoronethane, ethyl fluoride, ), |,l|-difluoroethane

( HFC- 152a)H NMBAEDEIPadd. [ HES B5,10.97 (s, 3,H), t1r37 (su® HY.R. 0r2si2 (e -8 1 2.969).2

1,1,1, 2-tetrafl uoroet hane (HFC134a), 1,1,2,2 tetrafluoroethane (HFC 134),
1,1, 1, 3, 3fmnd &) 62 i1 dhanss-nehn(mf 1 H)y 1160 g i +F.ECHE? 2)H), L5 (ot Bhet hane
(HFC-32), perfluoroethane, 2,2-difluoropropane, 1,1, 1trifl uoropropane,

perfl uor opmqap’emmghm,rz/g?,cmmg, 1@ | uor opropane, perfl uorobutane,

per fl uorocycl obutane, nethyl chloride, nmethy |ene chloride, ethyl chloride,

1,1,1-tri t}w{ma-(@grbsnao.msﬂa 1), %.68(s08 0D 1135ue! &b, ne6e o (HeFrs 41 8)3.9

1-chl oro-1,
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di fl uoroethane (HCFC-142b), chlorodifluoromethane (HCGC 22), 17 JUN 2002
1,1-dichloro-2,2,2-triflxoroethane (HCFC-123 ) and *
. 1-chloro-1, 2, 2, 2tetrafl uoroet hane (HCFC-124), trichl orononofl uoronet hane
(CFCL1), ovelsvénsesdi f| uor omet hane (CFC-12), trichloro-trifl udiT§99Q870¢5
(CFC-113), dichlorotetrafl uoroethane (CFC-114), chl oroheptafl uoro propane,
di chl or ohexaf | uor opr opane, azodi carbonam de, azodiisobutyro-nitrile,
benzenesutxﬁomwesz(sd@,H)474-1)zmen§n¢ 23yt,f J=7 w&,oqqmzslct@ 1 mtokgiene
sul fonyl Sem -car bazi de,” bari um azodi car boxy
N, N -di rre(shyIH)l\UW mn-htz pyot er e- pht hal am de 20 trihydrazino triazine and
m Xt ures of citric acid and sodi um bi carbonate. 13. The process of Claim
12, wherel (INDW@DXDI) (d9.29,i3s89 26T} ¥2.60£32.841132.928318)198.25| M 8rF@ndom
interpolyner, Conponént (B), is an ethylenel styrene 25 interpolynmer, and
t he bl owi 1hP)].2§625.62C0D5046,e28.55E)128.79, IR0l 34101 213,53 43604, d4dmki,de, et hane,
pr opane, n- butane i sobut ane, n-pentane, isvpentane, neopentane,
‘cycl opent 3#%93.et hanol, 1, 1-difl uoroet hane ( HFC- 152a)

i 2 B Rl T I S
o1 47507 HETREIa DarR L 2l s B s ﬂﬁéﬁ‘éf*ﬁ?ﬁ% Al keny

aromati c pgg.g9eer, Conmponent (A), is polystyrene, in said substantially

random i nt er pol yner Conponent B 1 (a) is styrene; and Conponent B2 is
et hyl ene and at | east one of propylene, 5 4-nethyl-1- pentene but ene- 1,

nemense L B RGER b IS L P AR SOTRRIRRY A P hale o e

i sopent a”‘?,’s 6182y dde3-p ﬁé’xﬁh-@ﬂﬁ@é&ﬂ%—)ﬂh%@.&ﬂa&égm][tfthﬂﬁﬁxoet hane (HFG- 15

2a), 1,1,1727tetrafl uoroet hane (HFC 1 raf | uor oet hane
(HFCG 134) et hﬂlcmrbﬁm(di,d -dlmed'kyllﬂhyi-) 4, l-ldlmcthf'll-u@(rldm AHak)-1,6,§, HCFC- 142 b) or
chl orodi fl uo

thg.foa.rnl _gfaéﬁg?w Sringacsinl pSlgnargn Ak PV e o ,(8‘3?5&& o BOELS, ¢ (Ka/ )
\Z/imnergi ﬁet h‘e‘ﬁ‘?% %ugge&a d%ns lteflﬂeg fror#%g} g%%@'%#gﬁégﬁ’d %& S ze of

20 to1500M mluﬁm didthylethee) waoadzied shfwlgl dhis hikturetvessehen Stireqabfoe hthodr.
conpri sesa‘%‘e eater than 70 percent by wei ght of al kenyl aromatic nononeric
g

units, therreaction perigd the velatiles Wersy remaygd and the fQ%@“Q(F’ﬂER&FQQrﬁE‘ per cubic
t k | t f
G o m 10 ipteadieBefite, AR aP of the b Bhe el & B jedthof F LR RSERF 1

of al kenybrogueiata goldenyeIRMW $1id 04346 &) 6617 rdeaaﬁe s a 25 density of from
15to 100bkg/m ang(? a cell size of 20 to 15%0 mcr]gzs 19. The process of
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25  Polvmerization for ESI#s5-6
ESI's 5-6 were prepared in a 6 gallon (22.7 L), oil jacketed, Autoclave

continuously stirred tank reactor (CSTR). A magnetically coupled agitator with
Lightning A-320 impellers provided the mixing. The reactor ran liquid full at 475 psig
(3,275 kPa). Process flow was in at the bottom and out of the top. A heat transfer oil
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30 1) Preparation of lithium 1H-cyclopentafl]phenanthrene-2-yl
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solvent was removed under reduced pressure, leaving an oily solid which was extracted

with toluene, filtered through diatomaceous earth filter aid (Celite™), washed twice
15  with toluene and dried under reduced pressure. Isolated yield was 1.98 g (99.5

percent).

3. Preparation of (1H-cyclopenta[l]phenanthrene-2-yl)dimethyl(t-butylamino)silane
To a 500 ml round bottom flask containing 1.98 g (0.0064 mole) of (1H-

20 cyclopenta[l]phenanthrene-2-yl)dimethylchlorosilane and 250 ml of hexane was added
2.00 ml (0.0160 mole) of t-butylamine. The reaction mixture was allowed to stir for
several days, then filtered using diatomaceous earth filter aid (Celite™), washed twice
with hexane. The product was isolated by removing residual solvent under reduced
pressure. The isolated yield was 1.98 g (88.9 percent).

25 - _

4. Preparation of dilithio (1H-cyclopenta[l]phenanthrene-2-yl)dimethyl(t-
butylamido)silane

To a 250 ml round bottom flask containing 1.03 g (0.0030 mole) of (1H-
cyclopenta[l]phenanthrene-2-yl)dimethyl(t-butylamino)silane) and 120 ml of benzene

30 was added dropwise 3.90 ml of a solution of 1.6 M n-BuLi in mixed hexanes. The
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THF solution of 1.08 g of dilithio (1H-cyclopenta[l]phenanthrene-2-yl)dimethyl(t-
10  butylamido)silane. The mixture was stirred at about 20°C for 1.5 h at which time 0.55

gm (0.002 mole) of solid PbCly was added. After stirring for an additional 1.5 h the

THF was removed under vacuum and the reside was extracted with toluene, filtered
and dried under reduced pressure to give an orange solid. Yield was 1.31 g (93.5
percent).

16
6. Preparation of (1H-cyclopenta[l]phenanthrene-2-yl)dimethyl(t-butylamido)
silanetitanium 1,4-diphenylbutadiene

To a slurry of (1H-cyclopenta[l]phenanthrene-2-yl)dimethyl(t-

butylamido)silanetitanium dichloride (3.48 g, 0.0075 mole) and 1.551 gm (0.0075

20 mole) of 1,4-diphenyllbutadiene in about 80 ml of toluene at 70°C was add 9.9 ml of a
1.6 M solution of n-BuL1i (0.0150 mole). The solution immediately darkened. The
temperature was increased to bring the mixture to reflux and the mixture was
maintained at that temperature for 2 hrs. The mixture was cooled to about -20°C and
the volatiles were removed under reduced pressure. The residue was slurried in 60 ml

25 of mixed hexanes at about 20°C for approximately 16 hours. The mixture was cooled
to about -25°C for about 1 h. The solids were collected on a glass frit by vacuum
filtration and dried under reduced pressure. The dried solid was placed in a glass fiber
thimble and solid extracted continuously with hexanes using a soxhlet extractor. After
6 h a crystalline solid was observed in the boiling pot. The mixture was cooled to

30 about -20°C, isolated by filtration from the cold mixture and dried under reduced
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Polymerization for ESI 7-8
ESI 7-8 were prepared in a continuously operating loop reactor (36.8 gal. 139

L). An Ingersoll-Dresser twin screw pump provided the mixing. The reactor ran liquid
full at 475 psig (3,275 kPa) with a residence time of approximately 25 minutes. Raw

10  materials and catalyst/cocatalyst flows were fed into the suction of the twin screw
pump through injectors and Kenics static mixers. The twin screw pump discharged
into a 2” diameter line which supplied two Chemineer-Kenics 10-68 Type BEM Multi-
Tube heat exchangers in series. The tubes of these exchangers contained twisted tapes
to increase heat transfer. Upon exiting the last exchanger, loop flow returned through

15  the injectors and static mixers to the suction of the pump. Heat transfer oil was
circulated through the exchangers’ jacket to control the loop temperature probe located
just prior to the first exchanger. The exit stream of the loop reactor was taken off
between the two exchangers. The flow and solution density of the exit stream was
measured by a MicroMotion.

20 Solvent feed to the reactor was supplied by two different sources. A fresh
stream of toluene from an 8480-S-E Pulsafeeder diaphragm pump with rates measured
by a MicroMotion flowmeter was used to provide flush flow for the reactor seals (20
Ib/hr (9.1 kg/hr). Recycle solvent was mixed with uninhibited styrene monomer on the
suction side of five 8480-5-E Pulsafeeder diaphragm pumps in parallel. These five

25  Pulsafeeder plimps supplied solvent and styrene to the reactor at 650 psig (4,583 kPa).
Fresh styrene flow was measured by a MicroMotion flowmeter, and total recycle
solvent/styrene flow was measured by a separate MicroMotion flowmeter. Ethylene
was supplied to the reactor at 687 psig (4,838 kPa). The ethylene stream was measured
by a Micro-Motion mass flowmeter. A Brooks flowmeter/controller was used to

30 deliver hydrogen into the ethylene stream at the outlet of the ethylene control valve.
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)Ov~ @ 10ns! 106k ethylereilngieogen-mixgire gombinedavitiythe solvent/styrene stream at
ambient temperature. The temperature of the entire feed stream as it entered the reactor
loop was lowered to 2°C by an exchanger with -10°C glycol on the jacket. Preparation
of the three catalyst components took place in three separate tanks: fresh solvent and
5 concentrated catalyst/cocatalyst premix were added and mixed into their respective run
tanks and fed into the reactor via variable speed 680-S-AEN7 Pulsafeeder diaphragm
pumps. As previously explained, the three component catalyst system entered the
reactor loop through an injector and static mixer into the suction side of the twin screw
pump. The raw material feed stream was also fed into the reactor loop through an
10  injector and static mixer downstream of the catalyst injection point but upstream of the
twin screw pump suction.

Polymerization was stopped with the addition of catalyst kill (water mixed with
solvent) into the reactor product line after the Micro Motion flowmeter measuring the
solution density. A static mixer in the line provided dispersion of the catalyst kill and

15  additives in the reactor effluent stream. This stream next entered post reactor heaters
that provided additional energy for the solvent removal flash. This flash occurred as
the effluent exited the post reactor heater and the pressure was dropped from 475 psig
(3,275 kPa) down to 450 mmHg (60 kPa) of absolute pressure at the reactor pressure
control valve.

20 This flashed polymer entered the first of two hot oil jacketed devolatilizers.
The volatiles flashing from the first devolatizer were condensed with a glycol jacketed
exchanger, passed through the suction of a vacuum pump, and were discharged to the
solvent and styrene/ethylene separation vessel. Solvent and styrene were removed
from the bottom of this vessel as recycle solvent while ethylene exhausted from the top.

25  The ethylene stream was measured with a MicroMotion mass flowmeter. The
measurement of vented ethylene plus a calculation of the dissolved gases in the
solvent/styrene stream were used to calculate the ethylene conversion. The polymer
and remaining solvent separated in the devolatilizer was pumped with a gear pump to a

second devolatizer. The pressure in the second devolatizer was operated at 5 mm Hg

30 (0.7 kPa) absolute pressure to flash the remaining solvent. This solvent was condensed
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10"y 10% &zufu)ms m&iqg/gual ghylelng%{yreée) lnterpolymers (ESI #5 5 - 8) are summarized in

Table 8 and their properties are summarized in Table 9.
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ESI-7 61 386 | 20.0 (9.1) 0 100.0 88 3.50 2.3 Bb C
(175.0) (453
ESI-8 86 743 34.0 801 162.0 9138 2.0 6.0 Bb c
(337 (38.1) (73.5)

*N/A = not available
a Catalyst A is dimethyl[N-(1,1-dimethylethyl)-1,1-dimethyl-1-[(1,2,3,4,5-h)-1,5,6,7-
tetrahydro-3-phenyl-s-indacen- 1-yl}silanaminato(2-)-N]- titanium.

5 b Catalyst B is ;(1H-cyclopenta[l]phenanthrene-2-yl)dimethyl(t-butylamido)-
silanetitanium 1,4-diphenylbutadiene)
¢ Cocatalyst C is tris(pentafluorophenyl)borane, (CAS# 001109-15-5),.
d a modified methylaluminoxane commercially available from Akzo Nobel as MMAO-
3A (CAS# 146905-79-5)

10
TABLE 9
ESl# wt.% mol.% aPS |Mcit Index, I} Gontfert No.
Copolymer| Copolymer wt% | (g/10 min) (cm*/10min)
Styrene Styrenc
ESI-3 474 19.5 0.5 1.54
ESI-6 69.0 375 1.6 1.36
ESI-7 69.5 38.0 39 0.94
ESI-8 57.2 26.5 2.1 0.40

15  Polvstyrene Blend Components

PS 1 is a granular polystyrene having a weight average molecular weight, Mw, of about
192,000 and a polydispersity, M,/M,, of about 2.

Examples 5 - 9: Open Cell Foams With PS/ESI Blends, Using Isobutane As Blowing
' 45



10 10 10 10: 10%&' ()-&S810%&' () - Yy810%&' ()-1M 109%& () - YF. z#10%&' () - - q}7* J0NIB02
10! 109%&' () - &109%&' ()- SYIO0U& ()-! 10%~& ()-L 10%& ()-!p3%0% ()-9qlaBYNC
- 10(!'109%&' ()-&@ 109&' ()-3% 10%&' ()-!s10% ()-&s10%& ()-1!10%&' ()-KY\]aB7C
10 WO 99/47592 PCT/US99/05706
10f: 109%&' ()-7! 109& () - 6810%& () - Y4%.09%& () 210%& () -'k@#10%\ & ()-]"_q)j KC
10 10! 109%&Z&' () - -#10%Z& ()- M 10%Z& ()-1 "10%Z& ()-! 109 ()- 10 1047dEKC
10 10 "10%g& () -y !109%&Z& ()-!109%&Z& ()-!109%&& ()-!109%Z& ()-Y"10%& ()-7c;
NodEKC 1 (S109%&Z& ()-" (S10%Z: & ()-" (S10%Z& ()-&

109%Z& () - YA 0% A formiplfidesss comprisifga smgws&ﬁktkﬁ'ﬂ&ﬂ'i)ﬂ%?a& cﬁdoiéﬂshﬁidﬂd)z
10ZS: 10%Z& ()-4 10%Z& ()-310%&Z& ()-! <f/10% & ()-4\"*Un?) =
10! 9Y109@Was yseg(}w@k(:)foqgn 1bpratang was ysedwg Jige plpwing agent at a loaamg of 7.5
Y109Z& ()-

oz ( PR A AT S Er el S8 and S Rarca}%{wmry‘efd@@faa% 7 vdE

Tosgd ()‘J’Fc’l%@tfml 8’3&&1”8 F ) e 0w () - 1008 () - ul hdE

TABLE 10
Open Cell Foams With PS/ESI Blends, Using Isobutane As
Blowin ent
Ex# Blend foaming | foam density] opencells | cell size
Composition temp (kg/m*) (vol%) (km)
(w1%) £°C)
Ex5 80% PS1/20% 127 37 61* 71
ESI 5
Ex6 80% PS1/20% 122 42 22° 55
ESIS
Ex 7 80% PS1/20% 130 33 50° 75
ESI 6
Ex 8 80% PS1/20% 117 a1 25 67
ES! 6
“Ex9 40% PS1/60 % 113 32 31T 780
ESI 8
Comp Expt 1 100 wt% PS | 127 52 P 48
10 * Experimental procedure described herein

® ASTM D2856

Examples 10-11 : Open Cell Foams with PS/ESI blends. using CO_Z as blowing agent

A foaming process comprising a single-screw extruder, mixer, coolers and die
15  was used to make foam planks. Carbon dioxide (CO,) was used as the blowing agent at
a level of 4.7 phr to foam a blend of polystyrene with ESI-7. The other additives were :
fire retardant = 2.5 phr; processing aid = 0.2 phr, pigment = 0.15 phr; acid scavenger =
0.2 phr; and linear low density polyethylene = 0.4 phr.

20 TABLE 11
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Examples 12 : Open Cell Foams with PS/ESI blends. using HFC-134a/CO, Mixture as
Blowing Agent

5 A foaming process comprising a single-screw extruder, mixer, coolers and die
was used to make foam planks. A mixture of 1.1 phr HFC-134a and 4.23 phr carbon
dioxide (CO,) was used as the blowing agent to foam a blend of polystyrene with ESI.
The other additives were : flame retardant = 2.5 phr; processing aid = 0.2 phr; pigment
=0.15 phr; and acid scavenger=0.2 phr.

10
TABLE 12

Open Cell Foams with PS/ESI blends, using HFC-134a/CO, as blowing agent

Ex# Blend Composition | foam temp foam density | % open | cell size | Water Abs| Water Abs
(W1%) °C kg/m® celis? pm with skin| wi/o skin
(g/g foam){ (g/g foam)
Ex 12 80% PS1/20% ESI 7 125 45 93 290 13 17

*ASTM D2856

The Examples and Comparative Examples of Tables 10, 11 and 12 demonstrate
15  that foams made from blends of polystyrene with substantially random ethylene/styrene
interpolymers surprisingly have high open cell contents (at least 20 vol percent cell)

over a wide range of compositions and foaming temperatures.
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y10%!' & (WHATIS ERAIMED IS- | 10%' & ()- F+10%' & ()- ) 10%!" & () -

' Z10%1' & ()- @t 109 & ()- $:10%!' & ()-+/|[: YNC 10 810% & ()-

7y#10%1 &1 (fr-opemscl fiogugy cemprising; 21 109@' & ()- 0109’ & ()- . y#10%d' & ()-vUs

100000% 500 oS ey el B 4 BHRE, 107,100
10% ' : & ()-z 10%H#&! (Weights of €¥mpofient) A ahlyB) dF bA&¥tthore alkenyl
5 aromatic polymers, and wherein at least one of said alkenyl
aromatic polymers has a molecular weight (M,,) of from
100,000 to 500,000; and
(B) from 0.5 to 70 percent by weight (based on the combined
weight of Components A and B) of one or more substantially
10 random interpolymers having an I, of 0.1 to 50 g/10 min, an
M/M, of 1.5 to 20; comprising;
(1) from 0.5 to 65 mol percent of polymer units derived
from;
(a) at least one vinyl or vinylidene aromatic
15 monomer, or
(b) at least one hindered aliphatic or
cycloaliphatic vinyl or vinylidene monomer,
or
(c) acombination of at least one aromatic vinyl or
20 vinylidene monomer and at least one hindered
aliphatic or cycloaliphatic vinyl or vinylidene
monomer, and
(2) from 35 to 99.5 mol percent of polymer units derived
from at least one of ethylene or a C, ;, a-olefin, or
25 combination thereof; and
(3) from 0 to 20 mol percent of polymer units derived
from one or more of ethylenically unsaturated
polymerizable monomers other than those derived
from (1) and (2); and
30 (C) optionally, one or more nucleating agents and
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(a) said vinyl or vinylidene aromatic monomer represented

by the following formula;

N
R] - C = CHz
20 wherein R' is selected from the group of radicals

consisting of hydrogen and alkyl radicals containing
three carbons or less, and Ar is a phenyl group or a
phenyl group substituted with from 1 to 5 substituents
selected from the group consisting of halo, C, ;-alkyl,
25 and C,_-haloalkyl; or
(b) said sterically hindered aliphatic or cycloaliphatic vinyl
or vinylidene monomer is represented by the following

general formula;
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polymers;

(E) said blowing agent, Component (E), is present in a total amount of
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thermoplastic polymers; and

(E) said blowing agent, Component (E), is present in a total amount of
from 0.5 to 3.0 gram-moles per kilogram (based on the combined

10 weight of Components A and B) comprising one or more of,
nitrogen, sulfur hexafluoride (SF,), argon, carbon dioxide, water, air
and helium, methane, ethane, propane, n-butane, isobutane, n-
pentane, isopentane, neopentane, cyclopentane, methanol, ethanol, n-
propanol, and isopropanol, methy!l fluoride, perfluoromethane, ethyl

15 fluoride, ), 1,1-difluoroethane (HFC-152a), fluoroethane (HFC-161),
1,1,1-trifluoroethane (HFC-143a), 1,1,1,2-tetrafluoroethane (HFC-
134a), pentafluoroethane (HFC-125), 1,1,2,2 tetrafluoroethane (HFC-
134), 1,1,1,3,3-pentafluoropropane, difluoromethane (HFC-32),
perfluoroethane, 2,2-difluoropropane, 1,1,1-trifluoropropane,

20 perfluoropropane, dichloropropane, difluoropropane,
perfluorobutane, perfluorocyclobutane, methyl chloride, methylene
chloride, ethyl chloride, 1,1,1-trichloro-ethane, 1,1-dichloro-1-
fluoroethane (HCFC-141b), 1-chloro-1,1-difluoroethane (HCFC-
142b), chlorodifluoromethane (HCFC-22), 1,1-dichloro-2,2,2-

25 trifluoroethane (HCFC-123) and 1-chloro-1,2,2,2-tetrafluoroethane
(HCFC-124), trichloromonofluoromethane (CFC-11),
dichlorodifluoromethane (CFC-12), trichloro-trifluoroethane (CFC-
113), dichlorotetrafluoroethane (CFC-114),
chloroheptafluoropropane, dichlorohexafluoropropane,

30 azodicarbonamide, azodiisobutyro-nitrile, benzenesulfonhydrazide,
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acid and sodium bicarbonate.

4. The open cell foam of Claim 3, wherein said alkenyl aromatic polymer,
Component (A), is polystyrene, said substantially random interpolymer,
Component (B), is an ethylene/styrene interpolymer, and the blowing agent,
Component (E), is one or more of carbon dioxide, ethane, propane, n-butane,

10 isobutane, n-pentane, isopentane, neopentane, cyclopentane, ethanol, 1,1-
difluoroethane (HFC-152a), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,2.2
tetrafluoroethane (HFC-134), ethyl chloride, 1-chloro-1,1-difluoroethane
(HCFC-142b), or chlorodifluoromethane (HCFC-22).

15 5. The open cell foam of Claim 3, wherein said alkenyl aromatic polymer,
Component (A), is polystyrene, in said substantially random interpolymer
Component B1(a) is styrene; and Component B2 is ethylene and at least one
of propylene, 4-methyl-1-pentene, butene-1, hexene-1 or octene-1, and the
blowing agent, Component (E), is one or more of carbon dioxide, ethane,

20 propane, n-butane, isobutane, n-pentane, isopentane, neopentane,
cyclopentane, ethanol, 1,1-difluoroethane (HFC-152a), 1,1,1,2-
tetrafluoroethane (HFC-134a), 1,1,2,2 tetrafluoroethane (HFC-134), ethyl
chloride, 1-chloro-1,1-difluoroethane (HCFC-142b), or
chlorodifluoromethane (HCFC-22).

25 ) _

6. The foam of Claim 1, having a density of from 10 to 200 kilograms per cubic

meter (kg/m®) and a cell size of 5 to 2000 microns.

7. The open cell foam of Claim 1, having a density of from 15 to 100 kg/m’ and a

30 cell size of 20 to 1000 microns.
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5 meter (kg/m’*) and a cell size of 5 to 2000 microns.

9. The open cell foam of Claim 1, wherein the alkenyl aromatic polymer material
comprises greater than 70 percent by weight of alkenyl aromatic monomeric
units and the foam has a density of from 15 to 100 kg/m’ and a cell size of 20

10 to 1000 microns.

10. A process for making an open cell foam, which process comprises;
(I) forming a melt polymer material comprising;
(A) from 30 to 99.5 percent by weight (based on the combined
15 weights of Component A and B) of one or more alkenyl
aromatic polymers, and wherein at least one of said alkenyl
aromatic polymers has a molecular weight (M,,) of from
100,000 to 500,000; and
(B) from 0.5 to 70 percent by weight (based on the combined
20 weight of Components A and B) of one or more substantially
random interpolymers having an I, of 0.1 to 50 g/10 min, an
M,/M, of 1.5 to 20; comprising;
(1) from 0.5 to 65 mol percent of polymer units derived
from;
25 (a) at least one vinyl or vinylidene aromatic
monomer, of
(b) at least one hindered aliphatic or
cycloaliphatic vinyl or vinylidene monomer,

or
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"10%' & ()- "10%' & ()-/K6ér " 10% mMenEmer, an
5 (2) from 35 to 99.5 mol percent of polymer units derived
from at least one of ethylene or a C, ;, a-olefin, or
combination thereof; and
(3) from 0 to 20 mol percent of polymer units derived
from one or more of ethylenically unsaturated
10 polymerizable monomers other than those derived
from (1) and (2); and
(C) optionally, one or more nucleating agents and
(D) optionally, one or more other additives; and
(II) incorporating into said melt polymer material at an elevated pressure to
15 form a foamable gel
(E) one or more blowing agents present in a total amount of from
0.5 to 5.0 gram-moles per kilogram (based on the combined
weight of Components A and B);
(Ill) cooling said foamable gel to an optimum foaming temperature; and
20 (IV) extruding the gel from Step III through a die to a region of lower

pressure to form a foam.

11. The process of Claim 10, wherein
A) in Component (A), said at least one alkenyl aromatic polymer has
25 greater than 50 percent by weight alkenyl aromatic monomerig units,
and has a molecular weight (M,,) of from 120,000 to 350,000 and is
present in an amount of from 50 to. 99.5 percent by weight (based on
- the combmedwelght of Components A and B);
B) said substantially random mterpolymer Component (B), has an I, of
30 0.3 to 30 g/10 min and an M,/M, of 1.8 to 10; is present in an amount
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CEALIHETITITIRCET (CATERIT AT 2 0
15 general formula;
Al
Rl — l = C(R%),
wherein A' is a sterically bulky, aliphatic or
cycloaliphatic substituent of up to 20 carbons, R' is
selected from the group of radicals consisting of
20 hydrogen and alkyl radicals containing from 1 to 4
carbon atoms, preferably hydrogen or methyl; each R?
- is independently selected from the group of radicals
consisting of hydrogen and alky! radicals conta{ning
from 1 to 4 carbon atoms, preferably hydrogen or
25 methyl; or altenatively R' and A’ together form a ring
system; or

¢) a combination of a and b; and
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& ()- "10% 0.2t04.0 g-moles/kg (based on the combmed welght of Components A
and B), and comprises one or more of inorganic blowing agent(s),
20 organic blowing agent(s), or chemical blowing agent(s) , or
combination thereof.
12. The process of Claim 10, wherein;
(A) in Component (A), said at least one alkenyl aromatic polymer has
25 greater than 70 percent by weight alkenyl aromatic monomeric units,
has a molecular weight (M,,) of from 130,000 to 325,000, a molecular
weight distribution, (M,/M,) of from 2 to 7, and is present in an
amount of from 80 to 99.5 percent by weight (based on the combined
weight of Components A and B);
30 (B) said substantially random interpolymer, Component (B), has an I, of
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15 ethylene, or ethylene and at least one of propylene, 4-methyl-1-
pentene, butene-1, hexene-1 or octene-1; and
(3) said ethylenically unsaturated polymerizable monomers other
than those derived from (1) and (2) is norbornene; and

(C) said nucleating agent, if present, Component (C), comprises one or

20 more of talc, silica, and mixtures of citric acid and sodium
bicarbonate;

(D) said additive, if present, Component (D), comprises one or more of
carbon black, titanium dioxide, graphite, flame retardants and other
thermoplastic polymers; and

25 (E) said blowing agent, Component (E), is present in a total amount of
from 0.5 to 3.0 gram-moles per kilogram (based on the combined
weight of Components A and B) and comprises one or more of,
nitrogen, sulfur hexafluoride (SF,), argon, carbon dioxide, water, air
and helium, methane, ethane, propane, n-butane, isobutane, n-

30 pentane, isopentane, neopentane, cyclopentane, methanol, ethanol, n-
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propanol, and isopropanol, methyl fluoride, perfluoromethane, ethyl
fluoride, ), 1,1-difluoroethane (HFC-1523), fluoroethane (HFC-161),
1,1,1-trifluoroethane (HFC-143a), 1,1,1,2-tetrafluoroethane (HFC-
134a), 1,1,2,2 tetrafluoroethane (HFC-134), 1,1,1,3,3-
pentafluoropropane, pentafluoroethane (HFC-125), difluoromethane
(HFC-32), perfluoroethane, 2,2-difluoropropane, 1,1,1-
trifluoropropane, perfluoropropane, dichloropropane,
difluoropropane, perfluorobutane, perfluorocyclobutane, methyl
chloride, methylene chloride, ethyl chioride, 1,1,1-trichloro-ethane,
1,1-dichloro-1-fluoroethane (HCFC-141b), 1-chloro-1,1-
difluoroethane (HCFC-142b), chlorodifluoromethane (HCFC-22),
1,1-dichloro-2,2,2-trifluoroethane (HCFC-123) and 1-chloro-1,2,2,2-
tetrafluoroethane (HCFC-124), trichloromonofluoromethane (CFC-
11), dichlorodifluoromethane (CFC-12), trichloro-trifluoroethane
(CFC-113), dichlorotetrafluoroethane (CFC-114), chloroheptafluoro-
propane, dichlorohexafluoropropane, azodicarbonamide,
azodiisobutyro-nitrile, benzenesulfonhydrazide, 4,4-oxybenzene
sulfonyl-semicarbazide, p-toluene sulfonyl semi-carbazide, barium
azodicarboxylate, N,N'-dimethyl-N,N'-dinitrosotere-phthalamide,
trihydrazino triazine and mixtures of citric acid and sodium

bicarbonate.

13. The process of Claim 12, wherein Component (A), is polystyrene, said

substantially random interpolymer, Component (B), is an ethylene/styrene

interpolym—er, and the blowing agent, Component (E), is one or more of

carbon dioxide, ethane, propane, n-butane, isobutane, n-pentane, isopentane,

neopentane, cyclopentane, ethanol, 1,1-difluoroethane (HFC-152a), 1,1,1,2-
tetrafluoroethane (HFC-134a), 1,1,2,2-tetrafluoroethane (HFC-134), ethyl
chiloride, 1-chloro-1,1-difluoroethane (HCFC-142b), or
chlorodifluoromethane (HCFC-22).
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14. The process of Claim 12, wherein said alkenyl aromatic polymer, Component

15.

16.

17.

18.

19.

(A), is polystyrene, in said substantially random interpolymer Component
B1(a) is styrene; and Component B2 is ethylene and at least one of propylene,
4-methyl-1-pentene, butene-1, hexene-1 or octene-1, and the blowing agent,
Component (E), is one or more of carbon dioxide, ethane, propane, n-butane,
isobutane, n-pentane, isopentane, neopentane, cyclopentane, ethanol, 1,1-
difluoroethane (HFC-152a), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,2,2-
tetrafluoroethane (HFC-134), ethyl chloride, 1-chloro-1,1-difluoroethane
(HCFC-142b), or chlorodifiuoromethane (HCFC-22).

The process of Claim 10, wherein the foam has a density of from 10 to 200

kilograms per cubic meter (kg/m®) and a cell size of 5 to 2000 microns.

The process of Claim 10, wherein the foam has a density of from 15 to 100

kg/m’ and a cell size of 20 to 1000 microns.

The process of Claim 10, wherein Component A comprises greater than 70
percent by weight of alkenyl aromatic monomeric units, and the foam has a
density of from 10 to 200 kilograms per cubic meter (kg/m’) and a cell size

of 5 to 2000 microns.

The process of Claim 10, wherein Component A comprises greater than 70
percent by weight of alkenyl aromatic monomeric units, and the foam has a
density of from 15 to 100 kg/m’ and a cell size of 20 to 1000 microns.

The process of Claim 10 wherein in step (IV) said foamable gel is extruded
through a multi-orifice die to a region of lower pressure such that contact
between adjacent streams of the molten extrudate occurs during the foaming

process and the contacting surfaces adhere to one another with sufficient
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