41935A BLENDS OF ELASTOMER BLOCK COPOLYMER AND ALI PHATI C ALPHA-

OLEFI N/ Mﬁ?/ h NE AROVATI C MONOVER AND/ OR HI NDERED AL| PHRHpfus¥h A4S DENE
MONOMER | ER%%R 5 This invention relates to at erm)p?ast’:sc

el astoneric bl end composition conprising an el astoner bl ock copol ynmer and
an a- ol efin/nonovinylidene aromati c nononer and/or hindered aliphatic

vi nyl i dene nononer |BIEYPHEIFyRERSTOMER] BLOCK AIPPOLYNER] ASD tALGPEST Iadbpizdier ef r om
10 El ast SFEFINS MRV IS DENRAROMBT I é"@ﬁ@)’% ANB/ QR  INRERFSr ARFRAARIGe| v
used in the industry, frequent FNFEPENEMONPMER FNFFREQLMER of t her nopl asti c
resins and engineering thernoplastics or for conpatibilization of different
types of résins. THR&Scinreatyn sptatiesnk? & iberpPdastimBerstmsEke &dsotyner s,
such as st yr emempositiencddmpt brimgsarny rednetdriesckladkpobyrigmsr (3d 46 a-EB- S)
hovever, is exneRshMenbeiddiogiseca pdihtdl ffdnekbt dn@/BF AMRESrea LREHHASS Of

unsat urated rubber. bl ock copol.yners .such as .St yrepe: But adi ene- Styrene
(:SBS) is suscept 5%’[%"? 0 ¢ é’bngléd'éf PP IYBFan i c}/ﬁ-gagflhec@#ego?lxptd‘ﬁéﬁ? 356t
readi |y m sci BeTef3R-t hese bl ock copol yners, such as conventi onal

pol yet hyl enes, can .exhibit jpferior .mechani.cal, properties, ecially 20
ol ast ombr i B ret ent j%ﬁsg?ﬁ% d gg“%e???a‘ﬁgﬁfr? é’r?s?‘_fl °S ?enaeff ré$ re‘.’l?’ggﬁaﬁeo?#d‘flty -
woul d be desi P&Bfeln Shprigivgervei £FRFUePBle £oE oPasE TRLELCRII®B| @f bl ends of

t hese bl ock capekyosiastixy radihisngnd gngligerring CenpopkaMtithair dees not

significantly dRer6a3€: 18 oh bk S RRE FYJABNSE REOPE! t RS c1bbs Vil d be
further desi raelilagt_.tmc()e PLOVI dg?élreggls g&oékh%séeopl %glé co ﬁl;/rrerts and a 25
pol yneri ¢ conponent  thet eBy - HaifRt al ni-ng- or Fprovi hgd The*per b Mince of

t hese bl ocR c&pBYIARE/Butdneratnensi kol FIRRLIASTS BPE%@)' | Rowp¥ard i#l so be
desirabl e to rmpetsiive oo lpradwead ded fdiffharldnes prasesesi ree dassagpl i cati ons
requiring flexnBhtidatedUabnas viBER copbl {mhBrAr sidiDiB st yYrbndiHtd a8 sPErene
desirable to r@bg} a's”s@sche' ghbﬂee¥gldorag [l rat &,,tensi lfle Q{){%RS__I’EI es to. 30
enhance the strength propé’r?l_es B TRe b dnds. P nal §o V\Du?’EP%}'IeEBS gt
desirabl e to F&PAtEN AiaciRlghwitd, bhessr PigEt CERALEF S AP RS GOBTRIOB2E he
surface coaf opwilygthofletde bhermtbiisgpdofetior nechapptalc propasireispenially

covering of ae3ubéceeicAtehtiondstch bBepdimRnent teAYAN kop dMer ClchgRE Ay ded
a thernmoplastic 35 elastoneric blend composition consisting of: (X) from

99 to 1 wei ght per cdénwogid he Hdepieatile bb arievidpEiyher ;loaed qoBf or fmoem 1 to
99 wei ght per cRBabIY bReSdok aieka ! bibck atsidMhésLbPOiddiRg Dipolfnerdlc | east
one aliphatic cl;aﬁfa&le'ngl glfdtp d’g@sd n(a‘g)si%ikﬁ.aﬁllfl?rheecrease the required
25 performance properties. It would be further desirable to provide
blends of these block copolymers and a polymeric component thereby
maintaining or improving the performance of these block copolymers
while providing low haze blends. It would also be desirable to
maintain a low value for hardness as desired for applications
0  requiring flexibility such as sheet, film or tubing. It would also be
_desirable to maintain a high level of ultimate tensile properties to
énhance the strength properties of the blends. Finally it would also
‘be desirable to maintain a high level of % stress relaxation to
enhance the surface conformity of the blends especially in
35 -applications requiring covéring of a surface.

According to the present invention there is provided a
thermoplastic elastomeric blend composition comprising:

(3) from 99 to 1 weight percent of a styrenic block copolymer:;
and

40 (B) from 1 to 99 weight percent of an interpolymer of (1) at
least one aliphatic a-olefin and (2) at least one vinylidene aromatic
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vi nyl i dene aromatic nononer or (3) a conbination of at |east one

vinyl i denw(g&@ﬁa c monomer and at |east one hindered ali phgigdEse4hgysi dene

nononer, said vinylidene aromati c nononer is present In an anount
of from0.5t0O 15 nole %or from17 tc 65 nole %in said interpolyner. In
yet another aspect, the present invention provides a fabricated article
made from sUMRORET I hBhI2aSPTRINGEERY Gfe? deptteRRe CHRYbLITROPEOMRALG ot

anot her aspewinomehengr esdieist nenbimiered MBipisad canirjlidachesioreror adhesi ve

fT ﬁr rr;JI ation m{eralfes@han&my&@aé%l ﬁieanca@lsqwnaw agt phR et GheaE NrogRe d ! etnds
e term"interp i S.usge rei | a eln a

| east two dl#ﬁ ergh%lmeﬁoﬁ%r?é)}% D8 PO At zgg “f°(i rrgklé‘ f%’e‘l %ggerpweymer “The
term "hydrocarbyl" neans any aliphatic, cycloallphatic, aromatic, aryl
substituted aliphatiyer aiother sisbstt t whebreyehtoahi-gitdbh proatdghat i C

substi tut ed f’aﬁﬁ%&*&é& aPf1 A¥ChAR! EPORALLEN %U*Qﬁéfﬂogi?&lcaéi)ﬁ%ﬁ&m%r BEe\M se

aliphatic or clpali ohatlc groups are preferably saturated
the term"hy &t by"oxy" means a hydrocarbyl, 20 group havi ng an oxygen

l'i nkage between i, %‘d &:ﬂﬁh@@fa%gc@t Q%t&e%ﬁ@hnbénﬂlgnaé&@gm Ihe term

" mononer  resi rtio a monone nol ecul e
whi ch red des‘ﬂ'\eﬁli"’h 8? r‘?é?e p%éf"ﬂl r]°§‘ °3 °rres u%a%ggbge ﬁg%&f’(}ﬁ?f‘l Ui t h
anot her pol y¥& Pf‘alfﬂ“@nﬁmfééumeeqdé 25 make the pol yrrer chal n. The term

"substantially rapdont in,.t he S bste;,nt i al random i.n msr conpri sing
an [err]-olefin antf &SGF nyF o g nﬁfl%seﬁorhecfﬁéf’ % lﬁ Fe PREYBRRAL i C

vi nyl i dene noRSALR ad:sle%ifd ther%lfﬁemw“t‘:ﬁ‘a?s ta¥e H?JQ'E“FF%HS-‘FH b ket the
nononer s of Hededtpolym@i-pol ynmer can be described by 30 the Berncul |i
statistical nodel or by a first or second order Markovian statistical

nmodel , a¥ descri b&P B§ry. "hegdreeasinl T MeArPERYVERPEEEIIENES O HRRE AT ON,

Car bon- 13 NMzdvat hod arAr achert rulPee 6l iNeat i¥or kgyll Sudstippted’ tydalipafier abl y
t he lsugstantalalah%(tf@@qgmﬂtm@& Q%Mélatarc,cmg,bﬁampﬂ&:lcegfﬂﬁt@hﬁéédnamttac f
vi nyl i dene ic no. 0es _noQ ntain nore_ tha ercent o

t he total n% ®of f\g’?naf%éénlec 1 r?':alctl%gllr{*)cr)&gl(E %ro‘#Psbare sf% \% yl i dene

aromatic nnrﬁﬁﬁ?FaEﬂd nnpégqqﬁaﬁ, the term “hydrocarbyloxy” means a hydrocarbyl
2 group having an oxygen linkage between it and the carbon atom to which

it is attached.

The term "monomer residue” means that portion of the
polymerizable monomer molecule which resides in the polymer chain as a
result of being polymerized with another pclymerizable molecule to

25 make the polymer chain.

The term ”substantiélly random” in the substantially random
interpolymer comprising an ca—olefin and a vinylidene aromatic monomer
‘or hindered aliphatic vinylidene monomer as used herein means that the
distribution of the monomers of said interpolymer can be described by
3 the Bernoulli statistical model or by a first or second order

Markovian statistical model, as described by J. C. Randall in POLYMER
SEQUENCE DETERMINATION, Carbon-13 NMR Method, Academic Press New York,
1977, pp. 71-78. Preferably, the substantially random interpolymer

comprising an a-olefin and a vinylidene aromatic monomer does not

35 -contain more than 15 percent of the total amount of vinylidene
aromatic monomer in blocks of vinylidene aromatic monomer of more than
3 units. Morxe preferably, the interpolymer was not characterized by a
high degree of either isotacticity or syndiotacticity. This means
that in the carbon-13 NMR spectrum of the substantially random

4  interpolymer the peak areas corresponding to the main chain methylene

2
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3 units. Nbre preferably, the interpolyner was not characterized by a high

degree of gy beresgsotacticity or syndiotacticity. This neangctfigdrigtrd he
carbon-13 NMR spectrum of the substantially random 40 i nt erpol yner the

peak areas corresponding to the main chain nethylene 2 WO 98/ 16582

PCT/ US97/ 18773 .and net hi ne carbons representing either nmeso diad sequences
or racenic dicl8 WEGIRHEEEIPVHO AP STEPtIRG LbhesMpee Al IFAUENRRS oFaragsedk
area of the Wr% sslauerreseshaldnectardcerst 1B neercant orfs thd thBrpaakbh 86K of

copol ymer" i husednhekfinnéthylBad akandtMIRE S5pBaYI g at | east one bl ock
segnent of a hard polymer unit and at | east one bl ock segnent of a rubber
mononer unit. HowdherteruhibXogknromlymer| it ermtadhéxeinned wdant éieisweptast i C

g'lt hyl ene_isnt eepOlq BEr edehi G BISex sBg@AMCEAla neARUATYROL MRE SandPLE! AlLE
ock copol YRRE S,1Gept rqd seqnenis of styrepic e polymers in

conbi nation w th 1%3? u%a?? 85’?5’% itk trjﬂﬁgﬁtmu?rn e ﬁgb_erﬂtc’ég‘ﬁedpr're'fx%éﬁﬁ’én{%.n°The
structure of *PhEPdsLPotk T06hHle) fidpamogdastic pHhlsae pidsspelimayenthich am, nob
critical andgengraie vindohepdliymess. OPrefzdtirad Hlppk,copiol fedrsdebht@Gk ©Lrq

triblock, or sagyente@n®i RaLiaHcOfydd18beRfers ALY BHHEIJtG8h v)éﬁl\uga%urrgg%é g

herein inglu I ues. fromthe 15 | oper | ue to the upper valuein

i ncr emenpg ogg%%élrﬁ%% rb’rg%?ﬁﬂg‘a%eﬁafeqnﬁgﬁ’ i grgﬁ TEPEFAES 6h HFe Biofkast 2
uni ts bet weefORMYTEERSIS el 16 BRI PARSETY dheantiar U nat eritésainphd, cdrf bet i S
stated that pletrembingarobr aracidapaypal edthar Wbleclofboratfileess orash@bl e such
as, for exangbgpinheihelat thSeopressure, time and the like is, for exanple,
froml to 20 90, preferably from20 to 80, nore preferably. from30 to 70;
it is intended thatyvaingescaduehlas técitted¥rre2R imrl68e A3 tanuzed, £ ke 32
etc. areexpuessd yatudier eteedppdl i SReCiddendld OB GO wia Yes MU LR L e
l'ess than ONgp zcén?sug“ste !a?atciggsoltdggepetgv\%e ngtgqboe]t’w 0,001, 9.01 or O'I'JL as
appropriate. 1hese are BRIy exanples of what s Spaert iyl 157252 14s eRded
and al | possPBY #EBHHIVAAEE 0ndS AR REAERLCe ot &I HeStREededatt e povenst ofad ue
and t he hi ghestropahtierenuveiuat efl aapeodessbeariahtée daichdad,0 £be SsppesS| y

stated in thismpRRtMRH! befkduRe A kBl Y HBNNKE . 5 SUichRR@nPS atuLAted bl ock
COpOl ymehs | 9&,' %ngéﬁ%% freo%r Eéq:%t gg, %rg hpere]}gzlrellbqu ngon]: %Bntl:'lc! al%, it is
intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to 32
etc. are expressly enumerated in this specification. For values which
are less than one, one unit is considered to be 0.0001, 0.001, 0.01 or
0.1 as appropriate. These are only examples of what is specifically
25 intended and all possible combinations of numerical values between the
lowest value and the highest value enumerated are to be considered to

be expressly stated in this application in a similar manner.

Suitable unsaturated block copolymers include those represented
by the following formulas:

30 Formula I A-B-R(-B-A), or
Formula II By~ (BA~) ,~BA

wherein each A is a polymer block comprising a monovinylidene aromatic
monomer, preferably styrene, and each B is a polymer block comprising
a conjugated diene, preferably isoprene or butadiene, and optionally a
35 monovinylidene aromatic monomer, preferably styrene; R is the remnant
of a multifunctional coupling agent; n is an integer from 1 to 5; x

is zero or 1; and y is a real number from zero to 4.

The preparation of the block copolymers useful herein is not the
subject of the present invention. Methods for the preparation of such
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30 Formula | A-B-R(-B-A) [err] or Formula Il

Alerr]- (RPobé/pdssl - BA wherein each A is a polymer block conper/essmisas
nonovi nyl i dene aromati ¢ nonomer, preferably styrene, and each Bis a

pol ymer bl ock conprising a conjugated di ene, preferably isoprene or

but adi ene, and optionally a 35 nonovinylidene aromatic nononmer, preferably
styrene; R i 819%e cPeMESES Gflreakeant +F (et 30nal Suésaple satalgesss: for jthean

i nt eger fronptegarabio dfSugedud ilock; capplyyerdsswithr eatatnunabet rhbios® Heh6nd0 4.
The prepar at hQI‘tsOflnEﬂ.?debh%uﬁ%leﬁnﬁﬁlyﬂasf eha Q%f,@élrm; 1% L6 gk ect of

tSEEEEIJ'r ?SREEtE EG%IE% tV\E)h(bg? d§4£ cgescrl%egr e\P%ragfel %Qtt?odssgor hydrogenaEIcl)Jr,-er

PCT/ US97/ 18778 Wloskkcarepursaterstin Pasiiyenped Fubkps mpromes pnidls| bo chroal yst s
for the prepaLédi ebpolymsseiwithbsankatapohyyer sontnth uHiSal UrTakesk fudebhes

nononer uni t3f I{}Q ggigglerg hié"%p&%@.ge&%kﬁé&smﬂgdgs&eﬁbm%lzﬁtﬁm o

I|th|umalkyls descri bes _suitab

hydr ogenat i oﬁ"@“ﬂ}fe bt BtERE RSP TR FES W Hylﬁ?§5?’tﬁ’l§f'e’d‘ttrﬁﬁ‘b"etrl°ﬁo%rf§fe un| ts
to from bl ocReeimsdl ywhires mprichmes aiingpathed readider vesneohwhenniting sTdre
st ruct ur @o of ihiiapeky Ry sitiEviled iyl nxd dbyithbeddilpeidada e POky,MREI B@t i on.

For exanpl e, CL‘E&%‘% Qq“)[,n%g?neh{?%i'ot:k DY6p3® %‘%n&d{&{,\ﬁ' éE{uQQ&CJﬂaQ”FI&If&Ens

desi red rubber into e reaction, ves suc

n usin
initiators a89%%%hi BRARARY | TOFEHSFT tH 68% ﬁtgﬁ’ﬁé‘a&ﬁﬂ TRKeP ?gi &ainggd Ry the
coupl i ng a twee sEgaeitabdeocduprd b lagenys Wevingaa diuhghianadhty widhptdargchgent .
Branched str ugé Wiesk @polliareret iedh hAsturgtes bevielt Adrivmdr byhittBeofishireé or

sui tabl e ,gouglbidg agml%gh@a\y 99 @ffteea&; waalmhie/lf%mom& p@oq;plagg thenpl ock
copol ymers w %& unsat urated ru nits

Coupl T g ey SHER BT SUTRA> FFER T O PO, FOh AR LA P PRI S G 1L o nath
di hal oal kanese®dtaial Re¥res comppudily isygh dsenibironaplides, 3éleganescer tesitarpol ar
conmpounds sueh mSofiditic0a1 kol 8ag thStdr@sayEs a¢idest eme pfesonidehytirang

al cohol s Wt@o&@aﬁmxyééﬁu@giﬂsme he g{@ﬁg%eoggeggxd%ypéa %eaﬁﬂedues in

t he pol yne nored for an a uat criptio e bl ock
copol ynerd fSF%‘f’ﬁé’té h&tt T PLAgk €8 PET STBP%: Ri B rtn%ntt% oFCMRSFEAHT e
bl ock copol yRErehisavdvaptéesat ur at ed rubber nonomer

Suitable block copolymers having unsaturated rubber monomer
units includes, but is not limited to, styrene-butadiene (SB),
styrehe—isoprene(SI), styrene-butadiene-styrene (SBS), styrene-

25 isoprene-styrene (SIS), a-methylstyrene-butadiene-a-methylstyrene and

a-methylstyrene-isoprene-a-methylstyrene.

The styrenic portion of the block copolymer is preferably a
polymer or interpolymer of styrene and its analogs and homologs
including o-methylstyrene and ring-substituted styrenes, particularly

30 ring-methylated styrenes. The preferred styrenics are styrene and
d—methylstyrene, and styrene is particularly preferred.

Block copolymers with unsaturated rubber monomer units may
comprise homopolymers of butadiene or isoprene or they may comprise
copolymers of one or both of these two dienes with a minor amount of

35 styrenic monomer.

Preferred block copolymers with saturated rubber monomer units
comprise at least one segment of a styrenic unit and at least one
segment of an ethylene-butene or ethylene-propylene copolymer.
Preferred examples of such block copolymers with saturated rubber

40 monomer units include styrene/ethylene-butene copolymers,
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units includes, but is not limted to, styrene-butadiene (SB),

styrene-i bl ), styrene-butadiene-styrene (SBS), styragafuse#isr?

i soprene-styfené (SIS), [err]-methylstyrene-butadi ene-a-nethyl styrene and
[err]-methyl styrene-isoprene-[err]-nethylstyrene. The styrenic portion of

t he bl ock copolymer is preferably a polymer or interpolyner of styrene and
its anal ogs FeRBRANYGErs REPRITSRE FAPOL YIRSt h%@@??éﬁf@ygﬁ‘tf‘lbflﬁﬂl §h¥Teneut ed
styrenes, paf3EBSUl eodopyBéxs,r styrenel dhnlyaemsdpsoyylenesstyréhe (®EeSerred
styrenics argphyh&e and [err]-methyl styrene, and styrene is particularly
preferred. Block copolyners with unsaturated rubber nononer units may
conpri se honopol yagir»gehativhash @leciorcopseeneviah tisirunatede oubdxSe

copol yners OforRer Uniket Ik phetdlapey lohReLi &NEF Wiel Bran 180Ty RNOMY, 19 35
styrenic nmongner. Preferre ur.at .eq_‘ r ubber nonhoner

bl ock copol yners.wi.th sat
units conpri sy AE2FHRL: PHH °§%g°%eﬁ't’ ag‘f’m%/n“s"f JHEn ORI LA af Fids P one
segnent of afPRelRyfawexplatesiconrlierifies ngndsropAle ARNEFHORS m6r to Pref erred
exanpl es of swehabticolycopolyrteiyshydddyesaticinat Bthst ubbh@erdéhtmeAGtRR UNitsS
i nclude styrenehet yIL061 OWLRAE WH2PO Y BBEGenating n¥QAY 1BAB225 percent of
PCT/ US97/ 18773 s;c%rene/ eth Iened- ég% "ene c? %é%”e&sm ,
styrene/ & hyPEhEE TR EReF 5P ehé °§ %ﬁ“%’po g &ed block copolymers are
st yr ene/ et hythase- phesisy REnEast yie rer¢SEPSS tdspalipheric deykifeogendd iagr of
bl ock copol ymgirsgehdtedunsiateul s dhiniBhperdent SORBBEiramatis doGbps ebaaabl vy

effected by usenQhr&enatadyst conprising the reaction products of an
al um num al kyl conpound wth nickel or cobalt carboxyl ates or al koxi des

under such condi t Tisnpragoitdos WISthatitgbyicobptiat b ygdnpdaXigenatweeat 8| fast
80 percend 0fs ﬁ%@cé{e BOakd ignel b0k e BQRAS WIGhe dBY EhodARRk | GolihdiRr € than
ele

25 percent o t he renic aromatic double hond Preferred bl ock
copol yners a%xé tﬁ%%ley'\/\%é%leﬁgfkIcggg%sp%‘)rnggﬁ %f’mt E% il %%Wéat“r’}(‘:t FSGBTE
bonds are hy®f SGEReRicdLhPiN Ee9edsst ingh 5o @0cEntESoreidhé ReXsPREI T dubie
bonds are hysbregendiledk ddumeptpbasédpnothed hetsl webghtc ol Wekbdlock general |y
between 8 angbaymbo percent by weight of the total weight of the block
copol yner.

20 The average molecular weights of the individual blocks may vary

within certain limits. In most instances, the styrenic block segments
will have number average molecular weights in the range of 5,000 to
125,000, preferably from 7,000 to 60,000 while the rubber monomer
block segments will have average molecular weights in the range of

25 10,000 to 300,000, preferably from 30,000 to 150,000. The total
average molecular weight of the block copolymer is typically in the
range of 25,000 to 250,000, preferably from 35,000 to 200,000.

Further, the various block copolymers suitable for use in the
present invention may be modified by graft incorporation of minox
30 amounts of functional groups, such as, for example, maleic anhydride
by any of the methods well known in the art.

Block copolymers useful in the present invention are
commercially available, such as, for example, supplied by Shell
Chemical Company under the designation of KRATON™ and supplied by

35 Dexco Polymers under the designation of VECTOR™,

Blend component (B) for the polymer blend composition of the
present invention include, but are not limited to, substantially
random interpolymers prepared by polymerizing one or more a-olefin

monomers with one or more vinylidene aromatic monomers and/or one or
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Preferably, the block copolymers contain from 10 to 35 wei ght percent of

styrenic Rl ments and from90 to 65 wei ght percent of éﬂggﬁ;mmnorrer
bl ock seg%ﬁ?gllgsggsed on the total weight of the block copo Tymer

The average nol ecul ar wei ghts of the individual blocks may vary W|th| n
certain limts. In nost instances, the styrenic block segnents will have
nunber aver afFerbirderedraiiehytics of reycheaighgelcovimyldgeng gonom:ngOand
preferably fommorRa Q0w th GRHEDPottridrezidle etibnenicangnedsabhaodedasegment s
wi Il have avgiage,.mml ecul ar weights in the range of 25 10,000 to 300, 000,
preferably from 30,000 to 150, 000. The total average nol ecul ar wei ght of
t he bl ock copol yneiita®1é ypiotatiny mbiibrdebe doangined§ iR %h@001dna 25pcAER: (B)

pref erably TEAM35, 00k 200 Q00 FUEY Sy WATHRLI O, legek S0R0) yTeL

suitable for_use In I nventi on
i ncor por at i of % 1%1‘??6P°30“°5ﬁntfﬁfispﬁ?ffeﬁﬁ'}é’t?‘o?ﬁfflﬁ? 6‘6?5%"9 §ﬁ?}h a§° § or
exanpl e, nal eaxboandmyshsi. deddsy ;amteoibrwhethuehhmtmld -okefinnof bileha art.

Bl ock copol Yé‘é?z(p%né%@f(!él) éd%p&b?es%@i%ﬁ@he'dw @n@r QPJFES!’L;?'&% Yene,
avai |l abl e, such as plled under

r e
t he designat? oﬁ‘°8?1]l¥R%\ )g’gfr"fﬁgn sﬁﬁp'imgd rS% k%%%&f%‘r%?gmu%&& t he
desi gnat iton ®fcayPaT@RPms ¢ |such| asn dtexepe rangt P{CB?)Ylf—’@ﬂr theetbylenmeang] end
conposi ti on &dtenBE ¢ @SRYllenk NAMRNbESHV1ENE landeoctert, are not limted to,
substantially randominterpol ymers prepared by pol ynerizing one or nore

a- ol ef i n nononer sSyitehle mingtideneeanpmatid depenezsowtichccarohonemrdodedi/tor one
or 5 SUBSTI ThHdpabtitfht (Mtddpolfgers inMu88/ ¥6b8kample, those represented by

PCT/ US97/ 18743, ¥B{ £ Algdesgd, 2l i phatic or cycloaliphatic vinylidene
nononers, and optionally w tIEu ot her polynerizable ethylenically unsaturated

rmnorrer(s) Suitable [err]-olefin rmnomaf?us contained in the blend corrponent
(B) 5 include for exanple aliphatic and k cI oal i phatic [err]-ol efins having
from2 to 18 carbon atons, and preferab( {z)arr] ol efins having from2 to 8
carbon atons.. Most pref erably, the t|c | efin of blend conponent
(B) conpyd ses et hyl ene or propyl ene pre era @t hyl ene,

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 independently selected from
the group of radicals consisting of hydrogen and alkyl radicals

20 containing from 1 to 4 carbon atoms, preferably hydrogen or methyl; Ar
is a phenyl group or a phenyl group substituted with from 1 to S
substituents selected from the group consisting of halo, C,.4-alkyl,
and C;.4~haloalkyl; and n has a value from zero to 4, preferably from
zero to 2, most preferably zero. Exemplary monovinylidene aromatic

26 monomers include styrene, vinyl teluene, a-methylstyrene, t-butyl
styrene, chlorostyrene, including all isomers of these compounds.
Particularly suitable such monomers include styrene and lower alkyl-
or halogen-substituted derivatives thereof. Preferred monomers
include styrene, a-methyl styrene, the lower alkyl- (C, - C;} or

3¢ phenyl-ring substituted derivatives of styrene, such as for example,
ortho-, meta-, and para-methylstyrene, the ring halogenated styrenes,
para-vinyl toluene or mixtures thereof. A more preferred aromatic
monovinylidene monomer is styrene.

By the term “hindered aliphatic or cycloaliphatic vinylidene
35 compounds”, it is meant addition peclymerizable vinylidene monomers

corresponding to the formula:
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optionally together with one or nore other [err]-olefins having from3 to

10 8 car kpy oghég®. such as ethylene and propyl ene, or et hyi,gfﬁ,sg,;)gs.m,
octene, or ethylene and propyl ene and octene. Suitable vinylidene aronmatic

nononers whi ch can be enployed to prepare the interpolyners include, for
exanpl e, those represented by the following fornula: [err] wherein R err]
is selected fromthe group of radicals cénsisting of hydrogen and al kyl
radicals containing from1l to 4 car qn at oms, preferably hydrogen or
nethyl ; each R2 is independently selfecred Fr Doe group of radicals
consi sting of rogen and_al kyl..radi.cal s. 20, _containing from1l to 4 carbon
at ons, preferwz}i1 %(g:nn%dEgganStgfl%/rae]tlﬁs?‘?ﬁXf aflsfpgaﬂ?eﬁijlcyé:rlgﬁjp‘p&athcphenyl
group subst i SYPEELERRRH F5 8t 28 Hrhomut Rt dentslesspécired fheomrole ogfr oup
consi sting ofraliddads Gprevisking logl hycangderClagardikiyal nalikyls anAghihikgSednyal ue
from zerost otd, 4 Hia8b8s altlods f 'RRELELRy tHya2ogdiPS :&Et%gf! ahly #e[9. Exenplary
ronovi nyl i deriedgre%larg;tlllc 255 rppogerstrll ncl ude ?t ren i vi ny| tol uene,
[err]-net hyl SESPERS " t-hELFCE yrele T A BIR St yTaHE2 LT FOPEHYig9aPt i soners
of these conp¥arREsn g talkv} Fepicalsi eetfiréning firemiokers ceacdudeoss yr ene and
| over al kyl - poefdrabdgenyazubat ok Uity rorV al derast ivaey ogf and el igeele FORQNET S
i ncl ude Styrangin@syBLdl! 5 WheNorn! e OB bk~ (TheLL] L grr]) or 30
phenyl -ripg ﬁgggx&el tgéaerdmde{l.\éatlv%s of st%rene, such as Tor exanple,
ortho-, meta-, and para-iethyl STR% EheS"S A gt NarBeaRtRt e S pffetes,
par a- vi nyl t BPLEEigrtifinkPyirsdanddrer dbfalen-asta prloferizadion ormablysts at a
monovi nyl i demetersooperakile sityr etiezleBy dohemdrakat{disnder@dettd PRALEC QI
cycl oal i phat bes #iaRyLi s1engc 35 16 0MMAUNES 1 idnel § i Li.on pol ymeri zabl e
vi nyl i dene nnné)rg%r? ecorrgglporédl n to‘f;]itﬁ.ﬁlel‘%1 &rerru?rgg%%g&s %q\g?\d“%%f’/“fgia%‘ W8
PCT/ US97/ 18773° [€r F]€ {ifEPE} if ﬂ’[‘%?’ﬂ“’r%ﬁ SEHEPLC AP IRAtRGD 1A tpREtaTy oF
cycl oal i phat FB2FBITY twbAtitatedp Esamegarhonsh sRpetituenss siglcdotedyicnom t he
group of radatfihattengionbs ngchf adygengeRyBNdyal ditlkehyidi e3¢ Sooe@BL @ NicRg from
15 to 4 carhpmipbonss apyeterably. oy depsn; oL TRty Bash R Ts
: norbornyl. Most preferred hindered aliphatic or cycloaliphatic
vinylidene compounds are the various isomeric vinyl- ring substituted
20 derivatives of cyclohexene and substituted cyclohexenes, and 5-
ethylidene-2-norbornene. Especially suitable are 1-, 3-, and 4-
vinylcyclohexene. -
The interpolymers of one or more a-clefins and one or more
monovinylidene aromatic monomers and/or one or more hindered aliphatic
25 or cycloaliphatic vinylidene monomers employed in the present
invention as component (B) are substantially random polymers. These
interpolymers usually contain from 1 to 65, preferably from 5 to 60,
more preferably from 10 to 55 mole percent of at least one vinylidene
aromatic monomer and/or hindered aliphatic or cycloaliphatic
a0 vinylidene monomer and from 35 to 99, preferably from 40 to 95, more
préferably from 45 to 90 mole percent of at least one aliphatic a-

olefin having from 2 to 20 carbon atoms

Preferably, higher molecular weight interpolymer component (B)
are used, such as those that possess a number average Mw of greater
as than 13,000. Also preferably such polymers possess a melt index {I;),
ASTM D-1238 Procedure A, condition E, of less than 125, more
preferably from 0.01 - 100, even more preferably from 0.01 to 25, and
most preferably from 0.05 to 6. Also, the substantially random
interpolymers have a heat of fusion of less than 50 J/g.
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| ndependently selected fromthe group of radicals consisting of hydrogen

and al kyl v&g?&g@é’;cont aining from1 to 4 carbon atons, preic@geyisfgdr ogen

or net hyl natively Rlerr] and Alerr] together forma ring system

By the term"sterically bulky" is neant that the 10 nononer bearing this

substituent is normally incapable of addition polynerization by standard

Zi egl er- Nat t a pol Jhrepresantobnsatadry providesablendes ebriphexdsileney comporeitene

pol yneri zat i ool EAker vadhbi Hdeeahoakt b stabueiilsosdlicpbad ite ¥htwin dene

conpounds_ ar g, RRBOINAI foldruthh G2 %&ea% écl?n%ogﬂ{)tégndfsttggﬁua%ﬁ“ﬂ%he&ﬂyl eni c
A

unsaturation Is terti ar ter nar stitute Exanpl es-of such
substi t uent ser?}}"i‘E‘F?fHé’r(?? tll(?sacf §s¢2B} ot |¥s such as cycl ohexyl ,

cycl ohexepyl . CYChOG! Eltlar: t&k/b%b@lc fofls. 9%y aﬁhoﬁqt{%%;soqg,ﬁ%sder'vat'ves

t hereof, tert-butyl, orn erre I ndered alf phatic or
cycl oal i phat ?‘E"p\?f‘%‘iﬁ il BéheaSCB{Yr’d‘oBﬁa%esé & ?%EW%’F’FSE%’: A §Brﬁ§’|°i“ t\AfngFactieng
substit ut ed Pihylieerey aremaddc dforopel wigsxeaie bantpraaddsivet te ed cycl ohexenes,
and 5- et hyl héiRpei gndi@tHEIoACHE thESHRGL Bddrne Sb&zztaabbenoabﬁerlat Srevaded 4-

vi nyl cycl ohex graéq}%si Nt gé’rle\é%?rsth%f ni %rO\EhéTgEfyn[e‘}EEJt %é“,[%g?ﬂ% one or

nore nonovi ny ene aromati € nononers an more h phatlc
25 or cytl o‘é‘ﬁ phat iPdobe V| H&?né’“?fﬁﬁoﬁﬁr'?‘“@ﬁﬁ‘@?‘édf‘irﬁe?heTbF EFEFEFHPEnt i on
as conponent virBllidere sodgstanthaobylyremdisnipodgregrd . nothdsta imentgrlp 6by mbes

usual |y contgidpobeomelehd pééserﬁr ehamabby dnkoRap bborHQratdy.e Meeferably from
10 to 55 nol &, PRESGEN! 0f, %Ec ha%g?i’ﬂn%vxmgkéd{e%gré‘{e%%m cfpnomer and/ or

hi ndered al i rg’tlc or cyc ene nononer and from35 to

99, pref erab+r§FeFP61rﬁ“5$6' tif 955“%?& ebybteéf’éar%‘fbw HeCBRt WSSt HFo2hAcd e perent  of
at | east 1onepediphtetiion [ om] solgitédn wikhhva mgnfs@nelt tfor 2€itbar bdre at ons
Preferably, hiwghes ymiestitae miygmedenhﬁanmhyrr&hog&urmeﬂsntpoe Bneaperpbsed,

such as thos%‘I t:*ﬂét Cx%%ééf%%v&ﬁ%b% %Vgiea&‘r% :.SJr ]t§§n /fthﬁFt?-]h% 000.

Al so prefera nmers possess 1238

Procedure A p’br&'?ﬂﬂ |96ﬁf‘Erab&¥ Yesssthapan> 18 oh Wécﬁ?tef’é?%fbw FhorPdbl -
100, even noveigbtedercabl interprhy@edd dfovlidenk mpetaticeliaoablymelr dm 0. 05 to
6. Al so, f hepdghstantial |y randominterpol yners have a heat of fUSI on of

| ess than 50 J/g. 7 SUBSTI TUTE SHEET (RULE 26)
The substantially random interpolymers may be modified by

typical grafting, hydrogenation, functionalizing, or other reactions
well known to those skilled in the art. The polymers may be readily
sulfonated or chlorinated to provide functionalized derivatives

25 according to established techniques.

The substantially random interpolymers are prepared by
polymerizing a mixture of polymerizable monomers in the presence of

metallocene or constrained geometry catalysts.

The substantially random interpolymers can be prepared as

30 descrlbed in US Application Serial Number 545,403 filed July 3, 1990
(corresponding to EP-A-0,416,815) by James C. Stevens et al., both of
Which are incorporated herein by reference in their entirety.
Preferred operating conditions for such polymerization reactions are
pressures from atmospheric up to 3000 atmospheres and temperatures

35 from -30°C to 200°C. Polymerizations and unreacted monomer removal at
témperatures above the autopolymerization temperature of the
respective monomers may result in formation of some amounts of
homopolymer polymerization products resulting from free radical
polymerization.
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41935A The present invention provides bl ends of interpolynmer conponents of
nol ecul ar web®bhiesapd conposition distributions selected to opteuseams??a
overall nol ecul ar wei ght and composition distribution which gives enhanced
properties or processability. 5 Wil e preparing the substantially
random i nt er pol yners, ﬁorrponen,tt&%E%, as will be described hereinafter, an
anount of atactic VFPIPEeHe 4t | ALY ofhBELRRAF Ber fR3PRRELNYUEDE O
honmopol yer i zats§anifalikeranday | indereclamermieire disnbosed ab wlsevagmdcation
terrperﬁt uL_es.sdrti_aganer ahs, 4d3¢ fﬁ{cﬁbejultyhl?, n@bwﬂ@l?i-iﬁili(s?@#)%m%?t ure ]-:LO
was, the hig Is ; t ol y; : ese 0
hﬁﬁplléaéz{}lﬁ QQ%]%E n&f 2B2NPROl yiRY Ja%?&, " 1097 n&r?’?érglf%%‘gﬁhé

vinyli dene5 aronat| c om)fo éme,r I'S 1n_general etri

pur poses Of the pPRRBFETTMY ERTHINYand 7 ResPohelf ti6ANaY dd. 19%% VERNM-i dene
aromat i ¢ honop® yadY: nilyS b@rpbisatacre$eriaNo he24ilni 2z, poEier May f12desbspnd, by
ext Lact i on techmegues sush rasenal:esiisepsdh sprRChPE L 8t ok 8{‘)‘58”3,%%'495620;”_
with a non s t ree i he p [PNe] vy e aromatic
honmopol yner . Odlf\gr%f%ge&paf%)%dsq'ggf)'f t:I%t’ ﬁéeﬂtﬁr%é'sggﬁ%w?'n?\?ghg%’gﬁorJ(ﬁ?isgﬁg‘]f'érgﬁé&%at
no nore than 26°Refihelpeticdhtch presEEatidy sPRidSatinns 25e visicghronasrdent
based on the hegedh merghtrentet he i nt erpol yners of vinylidene aronmatic
honopol yner is 20 _present. The substantially randominterpolyners my be
nodi fi ed by typi cal*gFEpPtiangiakyaranpenatidfiin/vaeytissasisongtior ot her
reacti ons welintenpylyrtos tdanselskbt | eapared he taet metHods DO sEHEbSd BRY 766 .
readily sul f airatiegeOlerch] Onwnat.ed-4Q Rr&.)de, fWoned 12035 ) 26drdef | vafiMes 25

according to | i,shed techniques. The bst |1y, random i nterpolyners
are prepared y&%gldfr?%‘%fazll %ap%nt%f xfnucr'g ot %§0€4>/§§%+0§a6¥% PoRSREASSI n the
presence Bf FECERAAIINeP 0r25c b¥RPtPAbaTedoYdonety PE cdtighyates ingppporated
substanti al | yhrerapadip raferepot yinetseicanntigrepyoduced by 30 pol ynerization in
the presence of a netallocene or constrained geonetry catalyst and a
co-catal yst as destrs Beeshaptilly. pandener-odefindyinwlkssne argmatviens et al . and
US Pat ent No.inke#f3 yh8¥s yanFaRCbse pkepdidiitBy She ictfhets etk sepesad 1iAJIP

condi ti ons fcurv/5w&isope&.yf%&héaéo&ne&x{déagﬁdhan@ e QURSSH RImh LM at mospheri c
up to 3000 at nospheres and 3 tenperatures from=-30C to 200C

Pol yneri zati ons and unreact ed nonomner regpval atR,} enper atures above the

aut opol yneri zati on V4
R3 \M/
N .7 N\
20 Cp? R2

where (Cp' and Cp’? are cyclopentadienyl groups, indenyl groups,
fluorenyl groups, or substituents of these, independently of each
other; R! and R? are hydrogen toms, halogen atoms, hydrocarbon groups
with carbon numbers of 1-12, alkoxyl groups, or aryloxyl groups,

25 independently of each other; M is a group IV metal, preferably Zr or
Hf, most preferably Zr; and R’ is an alkylene group or silanediyl
group used to cross-link Cp! and Cp?).

Also suitable are the substantially random interpolymers which
possess at least one a-olefin/vinyl aromatic/vinyl aromatic/a~olefin
30 tetrad disclosed in a copending application by Francis J. Timmers et
al. filed on the same date as this application. These interpolymers
contain additional signals with intensities greater than three times
the peak to peak noise. These signals appear in the chemical shift
range 43.70-44.25 ppm and 38.0-38.5 ppm. Specifically, major peaks
35 are observed at 44.1, 43.9 and 38.2 ppm. A proton test NMR experiment
indicates that the signals in the chemical shift region 43.70-44.25
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tenperature of the respective nononmers may result in formation of sone
anmount s of _haonppol ynmer pol yneri zation products resulting fr I cal
pol ymer i z WP IR/1058 E 41935A * Exanpl es of suitable catalysts a&gsﬁrles? ods
for preparing the substantially randominterpolyners are disclosed in

EP- A-514,828; as well as U S. Patents: 5,055, 438; 5,057,475; 5,096, 867;
5,064, 802; EPIQRr88@thindg g3rigQp afd 328 4i3Hal$ i47h@24gich IBO0-ABI5 ppm

5, 374, 696; bare he9Aeh85%arbods 0, 993; 5, 703, 187; and 5, 721, 185. The
substantially random[err]-ol efin/vinylidene aromatic interpolyners can

al so be prepared By oHer et Aekyndes dhebearbby-1PfoNMR GheRicalf ghiftst ofil theg¥/ R
G ace & Co.)interpf) k82095, fdiloRinBprbodtinebs dnbxxaaiChels cab datepds,

Inc.) in 91\01?4!19 O eANGL Bt pae%g,atc $otther! ﬁfm B ﬁpzpa%éd(%egt g*%t Wb oty

1992), all are In orat ed her &l n eir

The subst ant?%sllﬁt’r%n%n?o[ éfPJr‘]‘m oPBYGSRF v r?ylzr%l'é:ﬁéré?’}}r?ﬁ??té‘af‘ﬁf%rﬁ'&ﬂ ?Hers can
al so be prepwrlage gerchet Mbilhodd adesoonbed trhs (HReOVIZE8OB X et it Ay 2 Ny
conFoundf Zh%hbyradaezwerm;z rsgééﬂﬂaaa{:éarabhumar@t(I@EQV\Is]m@nﬁ 59@&@1@@] ?re
cycl opent adi - royps Ofe SUPS uent s
of these, gﬂpengée%ksp %df gggy% ?he;ée ufé}rSrgq'yl%@g ﬂ?{argr asree‘I‘i roE 4 f'oms
hal ogen & on‘%e°°ﬁ9§ir"tfc53i’5‘°cm 5‘??)L?ﬁ§°¥/ﬁat ﬁr%aﬁe% W&Rbet §h6flsflit2e QFR
groups, of asidngkydf gheuprsl,ymei) assmt@plentlewt P90 @bmeach other; Mis a group
IV metal, preferably Zr or pref erab l%ﬁf ﬁand R3 is an al kyl ene

e

group or silanedi ¥t “gr B‘Eljp"elﬁgoth?ﬁ %§s”?"1 k9 9 WAFCIESISES Al so
sui t abl e ar einviedvind swartdagtto-taahdomyl rixempol oy mengnexghprdreded sesis -at | east

one a- oljefi nfaaillavéd EbryOEBLie%ét’id?w 080 1QFRE 4 rivedt QST ideSh: %ﬁamﬁl?it,racgrﬁi scl oseg in
a copending Lcatlon ranci,s, .J.. Ti rs.et_a n the same date
as this ag;;pl gﬁ&fllerc’)eﬁ}s'c ese')e//SE rErhors r%grr’%rgggn?dw ST adui® Pe &Jfgne JRals it h

i ntensities HreEEENS RANSAINY é%trtapﬁe%cct‘ﬁee’ﬁéakl‘teéyp’e‘hl? hot d8eadf@skadlilgnal s
appear in theanpkem c# ishufderstomgebst3nz0s¥illl28 pprrhartt38hd: I8r Ssuzpm

Speci fical | yeetFaR9rirR88%shg a vinyl aromatic monomer other than styrene and an
a-olefin other than ethylene that the ethylene/vinyl aromatic
20 monomer/vinyl aromatic monomer/ethylene tetrad will give rise to
similar carbon~-13 NMR peaks but with slightly different chemical
shifts.

These interpolymers are prepared by conducting the
polymerization at temperatures of from -30°C to 250°C in the presence
25 of such catalysts as those represented by the formula

Cp
7\
(ER))n MR%

ey

Qherein: each Cp is independently, each occurrence, a substituted
éyclopentadienyl group n-bound to M; E is C or Si; M is a group IV
métal, preferably Zr or Hf, most preferably 2r; each R is

30 independently, each occurrence, H, hydrocarbyl, silahydrocarbyl, or
hydrocarbylsilyl, containing up to 30 preferably from 1 to 20 more
preferably from 1 to 10 carbon or silicon atoms; each R’ is
independently, each occurrence, H, haleo, hydrocarbyl, hyrocarbyloxy,
silahydrocarbyl, hydrocarbylsilyl containing up to 30 preferably from

33 1 to 20 more preferably from 1 to 10 carbon or silicon atoms or two R’
groups together can be a Cy.3p hydrocarbyl substituted 1,3-butadiene; m

10
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30 are observed at 44.1, 43.9 and 38.2 ppm A proton test NVR experinent

I ndi cat es Wslltﬁpﬁ Si gnal s in the chem cal shift region 43. fthisezast3 WO
98/ 16582 PCT/ US97/ 18773
ppm are methine carbons and the signals in the region 38.0-38.5 ppmare

met hyl ene car.bops. In order to ermne the carbon-13 NVR chem cal shifts
of these intéfpdl Jéf s ﬁBt’r%‘Fg)ceXm% g6 Eeth ﬁé’slréﬁ&ec%’?ﬁff‘?%r% e

enpl oyed. 5 Ackivating exaptakysiht Wrte@marém Vi Eaklks gebgiithkedrepared in a
M Xt ure consicyblogendhdbéhWogttwes pRictasd thede A12useiatac by rretfraner£k2 and 50
vol ume percent 0.10 nolar chromumtris(acetyl acetonate) in 1,2, 4-

trichl orobenzene. NVR spectra are acquired at(Rh3O[err] C using an inverse
gated decoupl i ng sequence, a 90[err] pulses\gydth and a pul se delay of five
10 seconds or nore. The spectra are e@pe ced to the isol ated nethyl ene
signal of the polyner assigned at 30. 660 It is believed that these new
signals are due to sequences involvin wo-head-to-tail vinyl aromatic
nmonomer precétiesedn@arpli dnekndspentent bys ©ahCcaLBY R ths Brdyasarbybr

exanpl e, ansilshydbbylene/ st Wyehslasbyrangl ptdoyik eneingety adwie ek Peddia y

styrene ”D”O@%m'f‘%%r% meogre%mwyeﬂam e&%rc%kugff &b Yedaaforls 2 ( Nead
to tail) manner. I S understo e_art that for such

Loty ads i myolTPE SroUP RO SEFRAEP TS Rof AP bIISEs TH AR 5 FPERSIANR" an
[err] - ol ef i n PFseferablliank dnfgpendentliyapagheceerspnencisyilmgtlugivgmbese 20
nonomner / vienylapgtepkilake AMNQSErel Mydeoger, eherylW édhyd| Virobly 52 buys) m | ar
carbon- 13 N'V'%eae%s nQy§1 Ezﬁl | GlUnlyY &Llffﬁyf%t: CRRTFC 3Pty dESRen

i nt er pol ymraare are con uctln rrerlzatlon at }‘ eratures
of from -30[ ér Ff %% %d[%’?‘?%é%ﬁt et §‘8nabefu§ BP9 SRR %Pyt s as

t hose represaﬂﬁe@ylby flperengt michrfidrpindearbi retezhdirohplyogenyidependent | y,
each occurrengeahwirstibsddenyl ed cycl opent adi enyl group [err]-bound to M E
is Cor Si; Mis a group IV netal, preferably Zr or H, nost preferably Zr;
each R is®30 i nddsehdentaryy RERERTRSEC ER FRHERS ipnclyfedr femekprple, racemic-

si | ahydr ocar hylimetotyleytdmeeaybyd-setnyl -4 eorhal iridegy L ziecd(upr&fcrnabide,f rom 1

to 20 ndre  racemic-(dimethylsilanediyl (2-methyl-4-phenylindenyl))zirconium 1,4~

diphenyl-1, 3~-butadiene, racemic-{dimethylsilanediyl (2-methyl-4-
phenylindenyl))zirconium di-C,., alkyl, racemic-(dimethylsilanediyl (2~

20 methyl-4~-phenylindenyl))zirconium di-C,, alkoxide, or any combination
thereof. Also included are the titanium-based catalysts, [N-(1,1-
dimethylethyl)-1, 1-dimethyl-1-((1,2,3,4,5-1)-1,5,6,7-tetrahydro-s-
indacen-l-yl)silanaminato(2-)~N)titanium dimethyl; (l-indenyl) (tert-

~ butylamido)dimethyl- silane titanium dimethyl; ((3-tert-

25 butyl) (1,2, 3,4,5-n)-1-indenyl) (tert-butylamido) dimethylsilane
titanium dimethyl:; and (({3-iso-propyl) (1,2,3,4,5-n)~-1-indenyl) (tert-
butyl amido)dimethylsilane titanium dimethyl, or any combination
thereof.

Further preparative methods for the interpolymer blend component

30 {B) of the present invention have been described in the literature.
Longo and Grassi (Makromol. Chem., Volume 191, pages 2387 to 2396
[(1990]) and D’Anniello et al. (Journal of Applied Polymer Science,
Volume 58, pages 1701-1706 [1985]) reported the use of a catalytic
system based on methylalumoxane (MAO) and cyclopentadienyltitanium

35 trichloride (CpTiCl;) to prepare an ethylene-styrene copolymer. Xu and
Lin (Polymer Preprints, Am.Chem.Soc.,Div. Polym. Chem.) Volume 35,
pages 686,687 [1994]) have reported copolymerization using a
TiCl,/NdCl;3/RAl (iBu); catalyst to give random copolymers of styrene and
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preferably from1l to 10 carbon or silicon atons; each R is independently,
each occurrence, H hal o, hydrocarbyl, hyrocar byI oxy, sila 189

hydr ocar bW%?q'W Zont ai ni ng up to 30 preferabl y from 35 1?/&&9 m)re
preferably from1l to 10 carbon or silicon atonms or two R groups together
can be a (err] hydrocar byl substltut ed 1, 3 but adi ene; m 10 41935A is 1
or 2; and omicpgiéde. Lbuet piefk At pdgmere Sgiernme, atdliuwat $hg

cocat al yst. Rafelsi cadnakbyia @uti@bhm&ubsaéstc@wéh @sl %SDM&QMonQEPUpS
i nclude thosg)Lstrat g@b:%xetufg%ﬁaoi kfmé@f‘n”gclf vgfgs% gg{‘yst The

I ndependent |y, each occurrence rocar .
hydr ocar byl sPaPEactyst af"nl%ﬁl%ﬁ}“t/&l% BF%F&H‘F’S‘/‘W‘?%WE“EH?W%PB“ as
pref erablsy fpoopyleteysifrear bow totesdstgoeneabomsieseribed B gnotgs Stegsat her
forma di val gftendefimbati yez4@f9§dJCBsgfeQUQo ﬂaher?a@iaeheﬁiéﬂd@%ﬂd?ﬂéé y each
occurrence i in ng,wh a a | SQmer s

met hyl , et hyfta( pr%%yﬁh ovle met ﬁ?s cELsHPcpseld %ci)r Hrsa/ﬁ)arlnﬂ rgl ?We
(where appr opkd teqmmen%@ﬁewvgpmta@lélelr?ﬁkéa F%E?é?h@? form ng a fused
ring systemsuch as in nyI fluoren fetra

t et r ahydr of | uoreng‘fne% Qﬁf&”‘Bfll‘i%'Pg Ayion %éf ¢ presexbdf’f’?'&f@rl
preferretP ca®WPFsees |fﬁe¥‘u1d@er¢%§¥t é&a"r?p?@rcelnacé?ﬂ peight of the °°mP°Sltl°nr

(di met hyl si | @hetieysgbshhastiad1petdrgbm dnphegpilyned ety b) Jphiat cori-um di chl ori de,

' azeg} ; h((a g;r@iéﬂhgtix%ﬁ?gér}’é erascl&%naﬁ%wylcoéporrém@nm BAg k) #d Lgopi um

(di net hyl si |%??€8P§71 ) Ybf”gl%‘f Prgt"%m SoPORLTHAPY nteYP) §ASFESH B - Jerr] 20
al kyl, racenfRofyReRRRFPIIENANENI-y| Frefesally, nbtch FPomsihéer (SoRpRipps) From 1

zi rconi um di pedcent | talskopdrdent Omoad \prededingt fxam Lhetoco$ .perbertd, hby

preparative gaidaedss f.ae &J}@ogml%powtmé an@@pboq%pp%engl %ﬁztgi «Lhe present
i nvention have be?n descri bed the literature.

( Makr onol . XBvd ﬁﬁe%im"b’é@jés’“’é‘?g?’: t°8m12?§§6‘t253) [’.“L‘éQfoﬂ“ %1%1&°D5%\nn| ello
et al. (Jourﬁ’ﬁaﬂceot: Aok ek fPoRBAYe Er @28 nk® S5 \RANERBRE 5By WRighs df7Ghe1706
[ 1995] ) repotédme@dsition)sSes Ahede it ahed bLoSy SbpsayRas ecbn@bndtitt ) Al oD XE

(MAQ  ang, cyglopent 'eQé(Atta&w Hg‘ e £B405b A% iGHR TdeTb &Y o) 1 4« BEERARE an
et hyl ene- styrte

ne.,co

;ilphi%lc a-olefln/v1nylldene aromatic monomer component (B), the
compositions maintain a reasonably low Shore A hardness ( 65 or lower)
as well as a fairly constant peak tensile stress, which are desirable

properties for elastomeric materials.

25 ) For the blend compositions in which the monovinylidene aromatic
ménomer component of the aliphatic a-olefin/monovinylidene aromatic
iﬁterpolymer component is present in an amount of amount of from 17 to
65 mole %, preferably from 20 to 65 mole % in said interpolymer, and
fabricated articles made from such composition and said interpolymer

30 i$ present in the blend at a concentration of 25 wt%, then the %
'stress relaxation of the blends is 2 38%. Further for the blend
compositions in which the monovinylidene aromatic monomer component of
the aliphatic a-olefin/monovinylidene aromatic interpolymer component
is present in an amount of from 17 to 65 mole $, preferably in an

35 amount of from 20 to 65 mole % and said interpolymer is present in the
blend at a concentration of 75 wt%, then the % stress relaxation of
the blends is 2 65%. .

Also for the blend compositions in which the monovinylidene
aromatic monomer component of the aliphatic a-olefin/monovinylidene

40 aromatic interpolymer component is present in an amount of from 0.5 to
15 mol% and said interpolymer is present in the blend at a

12

i This Sheet Has Been Repiacec , THIS SHEET HAS BEEN

LI REPLACED

SUBSTITUTE SHEET (RULE 26)



Lin (Polymer Preprints, Am Chem Soc.,Div. Polym Chem) Volunme 35, 30

pages 686,?;@]9&“5 4] ) have reported copol ynerizati on usi ng aCT/Us97/18773
Ti d 4/ NdCl (iBu)[err] catalyst to give random copol yners of styrene

and 11 41935A propylene. Lu et al (Journal of Applied Polynmer Science,

Vol une 53, pg%es 1453 to 1460 g1994]% have_descri bed t he cogolynerlzatlon
of ethyl ene &ABSTANRERE Qi fry VAP TitEPP 1Y PROFEI 8 TeSify QL] & % [PLPRAT Er) 3
catal yst. TI2é ¥@nuf etthes fﬁr dholdkend/campysitdpossin ehiinoher interpol yners

such as 5 pma%m&éa&w Eﬂ&na%'ilg mm@ﬁ/c%wéme 8f andesGiphhed: ixn United
St ates pat ent ng LS t.sui _Petrochem,cal Industries

Ltd. Al the aBovemcm %lnc‘(si 5"5‘“5 l?olrn%er%c’lé'me FERR T &F JEETRRY 4B aRd
conmponent § arf@orRfe fpbram S H@r %ﬁ MRy ansk éﬁeﬁéétemlkm@t ig| present U ttbe

St at es pat entolendixer aScelzen it ibs sifeds twr 3] Otidme t o wheh etheC Bl t nRNPatyhsile
descri bes a ngtbod 9t 4NGLeaSisNged he toughness and sol vent resistance of a
honmopol ymer or interpolyner of a nonovinylidene aromatic nononer, by

blending it with ardotefdsnsie ¥BEdntIuRIUA%sa(foe! yeidfdybendiffered phenolics

ethyl enel oct e, CARRLYIE s oL RUEY 5 ARG DI ed ol Q50 L abLd e YaOfeeh fese

two types of resins r équl r ement, i zer

Park t eacfles ¢aRd t?@détb‘éeéuélf)“r SHeEher n’f@r’pof%@?@%’f a&ﬂ"%vef)hﬁ‘ﬁleurants'
[err] - ol ef i npaamentsyi fiidlegdeneandr Bremtlike msnoddso. bEcineinddd) int tie presrht
conposi ti on GompbeitpbRSLRL tHE QRE4MN tEAMheEaH héOMntepRireenitd @nd9

percent, by vweight. o r(g&qrtfgﬂa?_gé ‘;e gd/)\;}p g%l%};gtgubstantlal |y random

i nterpol ymer of aliphatic ene aromatic nonomer
conponent (B) and fneoBoridstoichsper (taat pre¥¢nvRingbht fn bhe conpRORietii BN andf
the el astgner oQL&El%nEQPQhXHEGn%S’%%@eQI %Lndx%ﬁge{;f?é aR &’v;dﬁx?? &%EQQ@A Ll on

conpri ses from 1 percent to ercent,. nore gra rom

percent, by 8¢ s@ﬁl’er&flyt’ﬁeeltcgi'?ﬁé?rt?’cfﬁ‘er ‘flrteﬁé Y r’rf‘e\é/}t?oleifﬁﬁ‘fde& °%Midhat i ¢
a- ol efin/vi mpkfdensake dipat fininbed @t ickn e erape. ablelk fapdsemadveopBa) .
percent, norerpbgipeahd it hioifgOhn t:D sbpafreCetirudby il (66r tdx@mple, a
conposi tion, gafnihexgkastomer bl ock copolymer conponent (A). For the
conposi tions containing at the nost 50 wei ght percent of interpolyner 30

of aliphabic [err]mekefdde Mamy kiyskenefaticiiiby cpepatites @arpoasenbe( Bed the

form useful fabricated articles or parts from the present
compositions, including various injection molding processes (for
example, that described in Modern Plastics Encyclopedia/89, Mid
October 1988 Issue, Volume 65, Number 11, pp. 264-268, “Introduction
25 to Injection Molding” and on pp. 270-271, “Injection Molding
Thermoplastics”, the disclosures of which are incorporated herein by
reference) and blow molding processes (for example, that described in
Modern Plastics Encyclopedia/89, Mid October 1988 Issue, Volume 65,
Number 11, pp. 217-218, “Extrusion-Blow Molding”, the disclosure of
30 which is incorporated herein by reference) and profile extrusion.
Some of the fabricated articles include sports articles, containers
such as for food or other household articles, footware, automotive

articles, such as soft facia, sealants and assembly adhesives.

The compositions of the present invention can be further
35 combined with many thermoplastic polymers to improve their properties,

such as impact properties.

The compositions of the present invention are useful as tubing,
tapes, adhesives, film, gaskets. The compositions of the present
invention are especially useful for the preparation of elastic films

40 and fibres, asphalt blends, wire and cable, sound barriers, wax
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conpositions nmaintain a reasonably | ow Shore A hardness ( 65 or |ower) as
well as a | constant peak tensile stress, which are deggyddh

properti ng(?%M%?Zast oneric materials. For the blend conposieiﬁ'l{)ns iii?lw\?vhi ch
t he nonovi nylidene aromati c 35 nononer conponent of the aliphatic

[err]-ol efin/monovinylidene aromatic interpolynmer conponent is present in
an anmount ofPl&RAMUNPrBFSYRoFS LY GSh?ﬁJ‘iVés%n%F%f@teab‘mﬁcFr‘Eﬂﬁlﬁé)C%fdoBSOfml e
% in said irherpalpseigs.and fabricated articles nade from such conposition
and said interpolyner is present the blend at a concentration of 25 wt %
then the % 40 stTPEsENYRCARHidh RS TeRdes| EHdstratadeby PesBe©f i t her for
t he bl end cdwpdstingoesanplesiwicthotthd inbnicgi tiyd iidesreian oreeto.nononmer
conmponent of 12 41935A the aliphatic herr] - ol ef i n/ nonovi nyl i dene

aromat i c % nt er pol SPRePrWREFpbTeAre | DaivabRY The ARl avdihtPresedrem 17 to 65

nmole % preferably.in_ an. nt.of from20 to 65 l.e % an aj

I nt erpol yrrerD—eP%l—tpgége%ﬁwrlng?%é' B’i’eerr{' ™ acguﬁ%rngén?br% ?%nobgf !%/td.b/%z't hen the
% stress rel@xapd QRnpfstirehd 8 sbbsdsed ol &8F WMr65% Al so for the bl end
conpositions 1n whi ch the nonovi nyli dene aromati ¢ nononer conponent of the

al i phatic [err] - dihef Eolllvohoy iqepborcmte areorwpliayef niretho|Bramplesoapdnent i s
present in mpiRdHIbe Ofxdek0fBridsd t0 15 nol % and said interpolyner is
present in the blend at a 12a WO 98/ 16582

PCT/ US97/ 18773 concentration of 25 wt% then the Utimate tensile of the
bl ends i% [ &ENERAL] PRPEEDURE A [ROR PRAPARMELIOY| R ETESHPBSPTYRENE GOFOWRNERS At
nonovi nyl i dene arwiwhex isopospereddmpenkralddn tahgbtstiedphati-cont-inuous batch

ol efi {1/ n?n]?\&ie@}égélg.e?@hei‘r&g&%%?@x hg&@&e%éﬂxfmmfmggﬁmgdi& arfoit%eﬁt i ?hanbf g
anount o rom 0. 0 0. an aid inter ner_is present _in . the en
o concent P it ngrosoliptater BE BREr s A s el B PE R il OF, 0

bl ends is [&Pryents R/P&r%d?ﬁ \PEBYLARRHAZR PRA FI5R BRAFEECTT YRt BX &R xygen.

hi nder edisphéibel isibitor in the styrene is also removed. Inerts are removed by

purging the vessel with ethylene. The vessel is then pressure

controlled to a set point with ethylene. Hydrogen is added by filling
a 70 cc cylinder to a set pressure and then adding it to the reactor
to control molecular weight. Temperature in the vessel is controlled

20 to set-point by varying the cooling flow of the cooling coils within
the vessel. Prior to polymerization, the vessel is heated to the
desired run temperature and the catalyst components:Titanium (N-1,1-
dimethylethy)dimethyl(1-(1,2,3,4,5—n)—2,3,4,5,-tetramethyl— 2,4~
cyclopentadien-1-yl)silanaminato)) (2-)N)-dimethyl, CAS#135072-62-7,

25 Tris (pentafluorophenyl)boron, CAS#001109-15-5, Modified
methylaluminoxane Type 3A, CAS$# 146905-79-5, are combined in mole
rétios as shown and added to the vessel., After starting, the
polymerization is allowed to proceed with ethylene supplied to the
feactor as required to maintain vessel pressure. In some cases,

30 hydrogen is added to the headspace of the reactor to maintain a mole
ratio with respect to the ethylene concentration. At the end of the
run, about 1,000 ppm of Irganox™ 1010 anti-oxidant is then added to
the solution on a polymer basis and the polymer is isolated from the
solﬁtion by precipitation with methanol. The resulting polymers are

35 dried in a vacuum oven. The following Table 1 contains the reactor
conditions.
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(for exanple, Irganox 1010), phosphites (for exanple, Irgafos 168)), 10
cling addiﬁb}ﬁﬁ 5&5 or exanple, PIB), antiblock additives, copowsy/B773

pi gnent s, ers, and the like can also be included in the present
conpositions, to the extent that they do not interfere with the enhanced
properties discovered by Applicants. The co 05|t|ons of the present
invention are conpounded by any 15 conven lret hod, i ncluding dry

bl endi ng the-3 1 nétcre:;n o Reactor - P

directly in| A Ektlr uddP 67 ni 1) °4EEG |t o gumke et hd | pidssiied arntigl b WEBF
exanple, the_autonptive part), jor by pre-nmelt mXing in_a sepemat p 1extdaufler
or mll (foF exanpllegma Bahinreryj moxer ){.psi0| kPa | psther &Par ¢ rfeny| tggees pf

hol di ng opefatians.whi chlican hel used tio $onm useflnl _fbhricaled arficles br

parts from e prisleffsc agggﬂi dné22 i ntPudi fgevarivup 1 Pi%edt i%n m)llc?i"ngg
processes (L§7-137y$ﬂ33—— 2 i —t@;J@ﬁg*ﬁ ”'“s.%ﬂngme%ﬁLepengka ,
M d Cct ober é%s ssue; cfﬂp 65, qﬂber i B%. 5%2-2%%? "IntrofuctTt onj} 25

to Injecti offEOTOETOIO T Io6pB0 810 47301 |12)08sl 05 |VOE 50 305
Ther nopl ast} cs", the disgl oBrrejs of ich gre ingorpofated herein| by
reference) pe«S Bl OW r6OBd| Ngogarocas8es (802 [ a8Pplje 75t hablUegcraobed 1352
Modern Pl astics Enclvcl opedi®E 8 M tobar 1988 |ssle Voﬂ une 6 Nunber
11, pp. 217k BAR - Eft 0si oAVRl o 2vA03i n8l 518900l BPnkBAS nff A9 i188 ik

i ncor por at ed her ei n by reference) and proflle extrusion. Some of the
fabricated articles include sports articles, containers such as for food or
ot her household articles, footware, autonntive articles, such as soft
facia, seal ant's and assenbly adhesives. The conpositions of the present
invention can be further 35 conbined with many thernoplastic polyners to
i nprove their properties, such as inpact properties. The conpositions of
the present invention are useful as tubing, tapes, adhesives, film
gaskets. The.conpositions of the present invention are especially useful
for the preparation of elastic films 40 and fibres, asphalt blends, wre
and cabl e, sound barriers, wax 13 WD 98/ 16582

PCT/ US97/ 18773 bl ends, pressure sensitive adhesives and in the inpact

nodi fication of
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t her mopl astics. The invention wll be further illustrated by neans of the
fol |l owi ng es without limting the invention thereto. The
properti egﬁgfsgl%%%t ai ned by the follow ng procedures. Densi t%ﬁ’%sggrl?\ﬁded by
t he manufacturer or obtained by ASTM D 792. W. Percent Styrene is obtained
by Herr] NVR The follow ng conponents are enployed in the Exanples and
Conpar ati ve Experinents. 10 GENERAF2PROGEERIHE:-A FOR PREPARATI ON OF
ETHYLENE/ STYRENE COR: - e —s—Rrenar.ed.n.a. 1 gal |l on agitated
seni - conti nuous _bat dhSPBYEr dr XeThe rg%gg?%n ‘Fﬁtfi%?"e g%?u‘.@r}éﬂsr consi sted of
. ow | ne mo lgclienc .
a solvent conprising cycl ohgxgji& .0 apar - e[ erdlo, an?- Wrgne. Prior to
addi tion, solvent, {tyrene and eth/lmgm@qfé puysfahed {ocgenove water and
oxygen. 15 The i nhi[lH/60F A &7 Sl YT 83 19 al/3p20 cOYEah, 000 Nerts are
renoved by purging tfr@svessél- w £hl et fivlsend. 1Thes A2e$selea, 808 hgn pressure
controlled to a set {#gSnt GMitA.84 hyl efiel HVdridgér0i $ aalie@0byifilling a 70
cc cylinder to a setlEdBesdlite Brid {heb! dHdiing /3728 ot 120488t br to contr ol
mol ecul ar wei ght. TdddSratiidesin-the ¥&dcpll 4L {2t { PIBRI068) {6 set - poi nt
by varying the coohberg/gl®wgof the cooling coils within the vessel. Prior
to polynerization, the vessel is heated to the desired run tenperature and

the catal ys 0 - Tit.an) -
di et hyl et hg?)E I e Eg%%%%ﬂ?@féﬁw? fgmﬂ!?m{seafyrggﬁ%ﬁ?ffn’nﬁmi E-H
cycl opentadiEgh-datpll yst | @maeihya{) )1} 2-¢ietdyehhy) 1, CABMESHEPIFA-62- 7, 25
Tri s(pentaf liyerpphenylhheron, CARAQARAIA31preny) Madinkh &4, gt hyl al um noxane
Type 3A, CA 1%%%05,—7 ? ar? conbi ner§ i.n nole ratios as shown and added
to the vessdt!SAPPaPnaRleTINY T~ H 2o nEF FRASATE i s al | owed to proceed
with ethylene supplied to the reactor as required to maintain vessel
pressure. | prepaEetiasas, 339 d)ydragenydo-adegitihgaddnel tmadspace of the
reactor 4o maintag | 8o It b7 oMat p Lot n ~
concentrati 99y Aé?lnte ?1120 ?ggg%fgat Fle %Ménl?oge%zufgl,Egi%l%gﬁ%ﬁ?g%%?g%gllo10
anti - oxi dant' *P% Théh Gdded 10t he'*&8I T 6RIof &350t iRl BaAsts Sandst Arcts
pol ymer is ‘380 %@ 13- P8 Heolss) utdsonddnd predyprrderi drrikresriméietanolbe The
resul ti ng peliyteres was echdh aldiowed tion saiw atutdamoverperafinge ol [20nwoumts. Tate 1
contai ns t hgok £aGEArw&ANEhid QBRovelt The mixture was then cooled to 0°C and

15 concentrated H,S0,; (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 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

20 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 arcund. The mixture was then transferred to a beaker
and washed intermittently with H;0 and diethylether and then the
fractions filtered and combined. The mixture was washed with H,O (2 x

25 200. mL). The organic layer was then separated and the volatiles
removed. The desired product was then isolated via recrystallization
from hexane at 0°C as pale yellow crystals (22.36 g, 16.3% yield).

"W NMR (CDC1,): d2.04-2.19 (m, 2 H), 2.65 (t, 3Jyg=5.7 Hz, 2 H), 2.84-

3.0 (m, 4 H), 3.03 (t, 3Jyy=5.5 Hz, 2 H), 7.26 (s, 1 H), 7.53 (s, 1
30 i’la).
“C NMR (CDC1,): d25.71, 26.01, 32.19, 33.24, 36.93, 118.90, 122.16,

135.88, 144.06, 152.89, 154.36, 206.50.
GC-MS: Calculated for CanO 172.09, found 172.05.

a5 Preparation of 1,2, 3,5-Tetrahydro-7-phenyl-s-indacen.
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WD 98/ 16582

PCT/ US97/ 1%\73?@?&%@ e 1 Sanple Sol vent Styrene F%ﬁjﬁfg%q:s p
1 a

React or Pol yner Number _
Pressure act or Col - Tenp | ected gns Type gns psi kPa
psi kPa err C grans g S - A 698 | sopar 1, 222 101

696 150 1, 03435, 6g{j~Tetrahydro-s-Hydyindaqen} k( 2H) Sone B12. 001 23 0-@&95@-
810 403 nblé€9 wasl@@xrred68x9 diethylether @00 mL) at %bchexX@RBgEY $0:1d5

1019 | sopar mole§é0335 003xQL1 of g:@@solt]éon 1r5$2eth68§ther_} was ggi?d slowa

[68”] E Eggz s_ mﬁctureowaé)agen g\wed tozswzover@g?ht a& Eofr temppratung.s

60 185 1After $i8 ggpgEiEPperiod the mixture was gquenched by pouring over

PCT/ US97/ 1877&eTabTrae higoniedwaSampheacidbEldd (p¥&ighide Hcﬁaetn%tl ¥§irredcat al yst
Nunber | e ratio
g. pol y/ g POI erE ye@?r 2 houl® The IS:JFELAJ% ?Q§é’ ?%L Q:hen se,\._.)[.)a§ated an<_iL/ 3/ 20

>200, 000 E/ S “asged with 10 (259 180 Gy an‘i/“fesldfledﬁ‘% ¥aRPs e/ Siltxation g4
64. 1 1/ 3fA@owed BFOBhOICME3 of Fhe vdlatiles re@ilikd in thk/ BéARtion of

>200, 000 &/ StheEdesrre'd product7a23 Q dark oill1¢172/.88 g, 3483, yOOQ* 190[err] 2.2
kg GENERAL PR@EDURE REPARATI ON OF ETHYLENE/ STYRENE COPOLYMERS F-H 5

ESL Cat al yst é 1d21°a%1?et<ﬁy|2et‘*hy|3 81311 dfnet Hyr - 4-54 (s, 1H),
[(1,2.3 4,5 [ g a SeELALY AL 053 ey daageen- 1-

yl]si I anam nat o ani un) 18PFep ar at i'on reparati on of

3,5,6,7-Tetrahy dro S- drlndacen 12H) I ndan (94.00 g,

0. 7954 nolses)Préﬁaras“eﬁl Bﬁ&p?o?)q%ﬁ?FrWB?ﬂd@henyl s-indacene, dilithium salt.
1,2,3,5~Tetrahydro-7-phenyl-s-indacen (14.68 g, 0.06291 moles)

ﬁés 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

20 éollected via suction filtration as a yellow solid which was washed
with hexane, dried under vacuum, and used without further purification
or analysis (12.2075 g, 81.1% yield).
Preparation of Chlorodimethyl(l,5,6,7-tetrahydro-3-phenyl-s-
indacen-1-yl)silane.

25 1,2,3,5-Tetrahydro-7-phenyl-s~-indacene, dilithium salt
(i2,2075 g, 0.05102 moles) in THF (50 mL) was added dropwise to
a solution of Me,SiCl, (19.5010 g, 0.1511 moles) in THF (100
mL) at 0°C. This mixture was then allowed to stir at room
femperature overnight. After the reaction period the volatiles

30 were removed and the residue extracted and filtered using
hexane. The removal of the hexane resulted in the isolation of
the desired product as a yellow oil (15.1492 g, 921.1% yield).

'H NMR (CDC1,): d0.33 (s, 3 H), 0.38 (s, 3 H), 2.20 (p, 3Jug=7.5 Hz, 2
H), 2.9-3.1 (m, 4 H), 3.84 (s, 1 H), 6.69 (d, Jpp=2.8 Hz, 1 H), 7.3-
® 7. 6 (m, 7 H), 7.68 (d, Juu=7.4 Hz, 2 H).

C NMR (CDCl,): d0.24, 0.38, 26.28, 33.05, 33.18, 46.13, 116.42,

119.71, 127. 51, 128.33, 128.64, 129.56, 136.51, 141.31, 141.86, 142.17,
142.41, 144.62.

GC-MS: Calculated for C Clsi 324.11, found 324.05.

20 21
40

Preparation of N-(1,l1-Dimethylethyl)-1,1~dimethyl-1-(1,5,6,7-
tetrahydro-3-phenyl-s-indacen-1l-yl)silanamine.
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(100.99 g, 0.7954 noles) were stirred in CHerr]OJerr] (300 nL) at Of[err]C
as Al O [ erlo dsh3gs00 9, 0.9750 nol es) was added sl owly underpcgobiif@sn
flow. The mi xture was then allowed to stir at roomtenperature for 2 hours.
The volatiles were then renmoved. The m xture was then cooled to O[err]C and

15 concentrated rr 0] added The formng solid
had to be fre uent E“L l(?gegﬁdpu\?v?t% % é‘%‘&‘}{“‘ﬁasp‘%ﬁﬁy}r?r@dm-|lost early in
this step. TH ﬁ’r%@t“&r 18277 rﬁenob%ﬁﬂumieﬁ) riasr etyjerredvir miegirte d150 oom

t enper at ur e. nlheasriNetyur(e. s yhen obeat adie)t Iahdtth%u’&ﬁm@ﬁ@t w gofe€adi ngs

reached 90[ ergr] & 03EQ§5§ol%g?dexjeOQ§de\Qer €y ggc&l)%hpuse ll%w d c.% ﬁéz% X'Pﬁll: IeOd

of time dun&gv@n spatul a was perio Ja?@é

After the’redCfi %ﬁgffbdAéF‘iFsﬁBﬁ "ieéétir&i’spﬁ’F ghe r’f‘lf‘Fl‘é’-'em"ﬂ ure and noved
around. The rfilktenes ang theevolatabef epnetkdt vesulbiaken aind ivashadn
intermttentlof whd kiekRfempdodlicet hylethesk asahJhesn, the [raegtions filtered
and conbi ned.gg Ipe&ug&é; ure was washed with Herr]O (2 x 25 200. nL). The
organi c | ayer, was ‘then separated and the vol atiles renoved. The desired
product was { R $ePAed WPa0Z der ySHAl 10.04t i=on 3f Romihexase atH) Q2 as pg) e

yel | ow cryst 3ugu£22. 85, @ w1f.RB%yicelf) .4 heyrd. IdgNM? (ereNrTY NG lqg 04-2.19

(m 2JH), 2. 235%(-; 45 [(ﬁrr \}{[)er{]6635(<] Ijg,%_ I%—i) 8}411) 13 0 (g 4[Ie—|)r,r S Nl\/R(t
Sl adbe o g # ik
144. 06, 152. "2 Fetl ’ 1 09,
found 17205. 5 Prepaerqétl%?na(ggfticlg I%% 5- Tetrahydroo7 phe:l;l [s |:11:Iacen 16
WD 98/ 16582

PCT/ US97/ 18773 B 8% ofef'r LhyaPHresrpdshbvhirde dndimeshyl oid (28,80 g, 0. 06967
mol es) was sFFFF%‘G’dFﬁ‘%Péﬁﬁ%'érh@aceQ%YMFwa@{@nr 0 igbiw@npgBr. (0. 105
nol es, 35. 00Nﬁtl,df-Diim&H\ﬁlseﬂxymr—mm-umehrquhy-l @t bes,)7-vacraagdes sshoawi-sThi s
mxture was thescedlh d.:ﬁ%&&hé 9\666%19 @tozﬁwmoﬁsgip%é‘twﬁreé Af ter
the reactjon, E%Aeo%ﬁ m‘_>=\<ture %?ﬂo é] gg(i) url%g over ice. lf‘
m xture was then acial fi ﬁﬂz}jﬁ:&’} ARtetnd> 519 PPed® i ot 68%‘115/1"%1‘“2
hours. The ofYyafhex*pagle afiaaddefetlovdpar hee minburmshe dEhait il Ydred (@ xtiO0
m.) and thenodefrdghbvaurivgSEienrfime ko Isalas ioashal baveast bye tdaekramoval of
the volatil eSoI\ﬁfi‘é'_nt ethiBrifie L8 @bh Per®bd the volatiles were removed and

the residue quickly washed with hexane (2 x 50 mL). The dark red

25 residue was then pumped dry and used without further purification or
analysis (9.6517 g, 87.7% yield).

Preparation of Dichloro([N-(1,1l-dimethylethyl)-1, 1-dimethyl-1-
((,2,3,4,5-1)~-1,5,6, 7-tetrahydro-3-phenyl-s-indacen-1-
30 Yllsilanaminato(2-)-N)titanium.

N-(1,1-Dimethylethyl)-1, 1-dimethyl-1-(1,5, 6, 7-tetrahydro-3-
phenyl-s-indacen-1-yl)silanamine, dilithium salt (4.5355 g, 0.01214
moles) in THF (50 mL) was added dropwise to a slurry of TiCl;{THF),
(4.5005 g, 0.01214 moles) in THF (100 mL). This mixture was allowed to

35 stir for 2 hours. PbCl, (1.7136 g, 0.006162 moles) was then added and
the mixture allowed to stir for an additional hour. After the reaction
period the volatiles were removed and the residue extracted and
filtered using toluene. Removal of the toluene resulted in the
isolation of a dark residue. This residue was then slurried in hexane

40 and cooled to 0°C. The desired product was then isolated via

filtration as a red-brown crystalline solid (2.5280 g, 43.5% yield).
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10 the deéi red product as a dark oil (14.68 g, 90.3%yield). HNW

(CDCI[err])woggi?GsQIZ 2 (m 2H, 2.8-3.1 (m 4 H, 6.54 (s, pbhwsduidrh 6
(m 7 H. Ms: Calculated for (Jerr]Herr] 232.13, found 232.05. 15
Preparation of 1, 2, 3,5-Tetrahydro- 7- phenyl - s-i ndacene, dilithiumsalt.
1,2,3,5- Tetrahydro 7- 8hen yl -s-indacen (14.68 g, 0.06291 noles) was stirred
in hexane (158 H’ﬁ (&8 haBuLl 31080 Aotles0-9D. GO #iRlef 1870 (&1 sHEYt | DO-RN2
cycl ohexane) (fas? si”orvm Izdtdedm Phils r-BRufe WaB) ¢ HeRSa-Mbwee & ORst i7r 50
overni ght. Aftter “JureTr bt i dritipef i Bt (shel ddki @ Madd209meg)- L izt el Ni,a7.78
suction filtrgtidnths a yellow solid which was washed with hexane, dried
under vacudum "HaRMR Selh) wi 199044 Fsur B HOr Pufl fiscal iHOm br3sanal wshs, (1183-20¥75 g,
81. 1% yi el d) . {®r &phk-ati om Ff (®hidoHbditrdBh{s-( 1, B) 6,771t B2 dhwdr 8) 3-ToBéni,- s-
i ndacen- 1-yl )§HHa . Hpp 2 H), 7.611(9 3, B} TEt-6ahisdr b-W-pAetitdi- 8- imdaciene,

di 1i t hi um sal'fc (MR 26%3,g, @105103. 99 @s)47,n37HE, (50.91,) 39, aghlaq, dr opwi se
t-o a sol uti OW&)fZSMEIlEBI’FI])SIl@Il[ES’I’]lZGl& 5016. o, 0281531 1. 88) 128, a‘lHFl(;;LOlq m.)
at 0C. Thivs r’@fxit 6Be M&s04hdr6all,onedl. 230 stir at roomtenperature overni ght.
After the reactildl p@;m)od theoovos 87,1 e6. B0 32wree BRIMBYesk.@pd dhesf esi due
extracted and¥%-L8erigd-f Shidcahe? - Phel?2b@dval20P3t HEoheXkanddrgsul ted in
t he i sol atloril3(§f‘°fhe13(§e§3r'ré Sotlodddt- s 3486 ow oi | (15.1492 g, 91.1%
yield). HNW (CDA [ errz d0. 33 (s, 3 H, 0.38 (s, 3 H, 2.20 (p,
[err]J[ er P] =FusPpgatipnipt Dipethy] [§- (lrnl‘zll‘llﬁthy?,e@wlq'sl 1th)eth81619— (d,

[err] J[err] 2[(8 Biz3, 41 5H\) -17 536, 13D et TaHydE 63 3-phEhyl-8-68dacdn-1{ err]J[err] =7. 4
Hz, 2 H). ﬂ]g:li\mmg_%([z’\gb]])t téarg:. 24, 0.38, 26.28, 33.05, 33.18, 46.13,

116. 42, 119 129.56, 136,51, 141.31, 141. 86,
142.17, 142.41 1421%1‘%‘% ?é ”ééf‘%‘iﬂyalféﬁylf’oﬁ T BRPEIELT | @ & 3@

founcl:324 05. 1“§@6Fﬂ1ggar@nyd§n Yfphenyl-s~indacen-l-yl]silanaminato(2~)}-N]titanium
N- (1, 1- D svet hyol.ebhylg), - &, dordBoeddigky ]wa(sls5116:,ez in diethylether (50 mL

tetrahydr o- 314%39,\/' (030b2H13G80s 1 oY ha Sl 8RHTNG s b SHBST! JLILE, SHEE L?@%LE

26) WD 98/ 1
PCT/ U597/Zl877¥? slowly This mixture was then stirred for 1 hour. After the

reaction period the volatiles were removed and the residue extracted
and filtered using hexane. Removal of the hexane resulted in the
25 isolation of the desired product as a golden yellow solid (0.4546 g,
66.7% yield).
1H NMR (C.D.): d0.071 (s, 3 H), 0.49 (s, 3 H), 0.70 (s, 3 H), 0.73 (s,
3 H), 1. 49 (s, 9 H), 1.7-1.8 (m, 2 H), 2.5-2.8 (m, 4 H), 6.41 (s, 1
H), 7.29 (¢, JHH=7 4 Hz, 2 H), 7.48 (s, 1 H), 7.72 (d, 3JHH=7 4 Hz, 2
a0 ﬁ), 7.92 (s, 1 H).

C NMR (CD.): d2.19, 4.61, 27.12, 32.86, 33.00, 34.73, 58.68, 58.82,

118.62, 121.98, 124.26, 127.32, 128.63, 128.98, 131.23, 134.39,
136.38, 143.19, 144.85.

35 Cocatalyst (bis(hydrogenated-tallowalkyl)methylamine) (B-FABA)
Preparatiocn.

Methylcyclohexane (1200 mL) was placed in a 2L cylindrical
flask. While stirring, bis(hydrogenated-tallowalkyl)methylamine
(ARMEEN® M2HT, 104 g, ground to a granular form) was added to the

40 flask and stirred until completely dissolved. Aqueous HCl (1M, 200
mL) was added to the flask, and the mixture was stirred for 30
minutes. A white precipitate formed immediately. At the end of this
time, LiB(C¢Fs)4 * Et,0 3 LiCl (MW = 887.3; 177.4 g) was added to the
flask. The solution began to turn milky white. The flask was

45 equipped with a 6” Vigreux column topped with a distillation apparatus
and the mixture was heated (140 °C external wall temperature). A
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Chl orodi met hyl (1, 5, 6, 7-tetrahydr o- 3- phenyl - s-i ndacen-1- yl)silane (10.8277

g, 0.0332?,{;9%&@8?%3 stirred in hexane (150 nL) as NEt3 (3pe#Ri8egi1s7fs 03471
nol es) an am ne (2.6074 g, 0.03565 noles) were added. This m xture

was allowed to stir 5 for 24 hours. After the reaction period the
m xture was filtered and the vol atlles r enoved resultln%frn the isol ation
T

of the desi rYC BFORfcEREF anF MeLRYTRE Q%286 ™ 416168 n e $383K-el d) .
H NVR ( CDOl [Ber Ey¥o-phdSe 0oLt org whf ,no@, ouily( sll®tHy hay27 Tre, mOxtidre @asl6 (p,
%03 ~;>J EH(=7 2alowed td) codd 9:'03r<Q>m]( Bempbrbtured. 68 the dontdhntd weBe (pi,acéd":bm a

m r g
6o 5o o b heedsik typnl | LIyt 1 e %awffmgiw?fé%g
126. 92, 27.%% thoprgpnia deyen wagamsied tiige 2ithiig, aad ttala%woumlzayess
144.83. 15 Rrezpardiscamded. NT(d HIO Banetdhekdendbhly)cdclbhdkamet hylutiofd Wer6, 7-

t et rahydr o- 3rallabyd - LOCHRGRN L8y %ka&&rﬁdﬂ&hyd'b{:ﬁéxhi(ﬁﬂb$ alt.
N-(1,1-Dinethylethyl)-1,1-dimethyl-1-(1,5,6, 7-tetrahydro-3-phenyl -

noxane (100 1) e nEtTy it B9 nl o8 Rt dR st o] 3%ed
cycl ohexane) tREES Side & SEFOISPh| Wt RIRFTETTRE IPRRFhEl $omhed- t§h§t| roo
over ni ghto duvdlmgigwivels passednthroadh o cehwrimedl’bwtianétearhetUdekghteod sol uti on.
After the rm&bmr@e&b@dnotm@;ml Sidve€S VRS FRIBY¥EAh3NTedeNCof @%L6 URon

0 0 oo SIS 2 10 Aok ey B sttt e

punped dr urification or_ana
87. 7% i eI d)ovepr éﬁ%ﬁ*‘aﬂ?’éﬁlﬁf’e{] (GHI Dr JE’N-“(°1‘r1h‘B’rrﬁet h'ﬁﬂeeFT'FQI }e‘f 1934 r‘Fé‘f—ﬁyI 1-
[(1, 2, 3, 4, 5-fe@sn}¢ad ko5b6 0710 ettr @hychng-~ 3-Theeniftuge| vadatben Btiffed
3(/'1] ;I I gnf;mt IWeQﬁggﬂt,l\ﬂrEbﬁlaﬂhélmn B frkhed :@daieelh,yal eh el 'llweﬂ- -tdi met hyl - | ,

m ium sa
(4.5355 g, Oah{(?%%%( ﬁt\é {H‘I Héh%&%@%ﬁ? \%’/gé % g%@%ruggv\? seIf llcljneg slurry of
Ti O [err] (THESPEBPR] “EAD5D 8285 01D IPYARIR BEF® iSH2THEE £900 ME)tC PAVR i xture
was al | oned ¢l®a35solustipn fthe mdlleoutar. siffEE perea ]rl(:é_edms& GddOt M8 16&rwnol es)

was then add@ih@ﬂé’yéﬂ%ﬁeﬂid@)ur erndl bonRdt i ishi wasf AbaAreadsl lgk¥idetBOMIT .
After th Gl PP? igqu t he \%%I a& Il%s7 WRr 1rc%%myed and the residue
%‘fl ered f o)

extracte usl ng uene.” Renobv the toluene resulted in
t he isol atl on of a dark residue. This residue was then slurried in hexane

Polymerization
Ethylene/styrene copolymers F-H were prepared in a 6 gallon
(22.7 L), oil jacketed, Autoclave continuously stirred tank reactor
25 (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 was circulated through the jacket of the
reactor to remove some of the heat of reaction. At the exit of the
30 reactor was a micromotion flow meter that measured flow and solution
density. All lines on the exit of the reactor were traced with 50 psi
{344.7 kPa) steam and insulated. '
Ethylbenzene solvent was supplied to the reactor at 30 psig (207
kPa). The feed to the reactor was measured by a Micro-Motion mass
35 flow meter. A variable speed diaphragm pump controlled the feed rate.
At the discharge of the solvent pump, a side streﬁm was taken to
provide flush flows for the catalyst injection line (1 lb/hr (0.45
kg/hr)) and the reactor agitator (0.75 lb/hr ( 0.34 kg/ hr)). These
flows were measured by differential pressure flow meters and
40 controlled by manual adjustment of micro-flow needle valves.
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40 and cooled to OC. The desired product was then isolated via filtration
as a red- bwowsnessgstal line solid (2.5280 g, 43.5%vyield). 1&crrushneis16582
PCT/ US97/ 18773 H NWR (CDCl [err]): dO 71 (s, 3 H, 0.97 (s, 3 H, 1.37 (s, 9
H, 2.0-2.2 (m 2 H, 2.9-3.2 (m 4 H, 6.62 (s, 1 H, 35745(m1H)

7.50 3 g‘z A ée”% 7,
UnJ.th.bJ.ted styrene monomer was Sui%ll’ll’e]d 1'70 th :.(eaftg ‘.’1 H)

Hz, 2 d, [er

5 [err] H NE?F@ %t rri_%f‘%rfraf% s g’alﬁ)meetf“ﬁSd(bé’ "“3"‘1}9)‘:0“1“35?“(5 9
H, 1.6-1.9 I(\«?ﬁs ; mezes~3A9wmable r@peee SGRUSITLME CPRLIGLIE (ime 2ok
7.24 (t, [erra]tla[ erTl‘]&EtgzrérEe sPrddns Wabhikséd with)the/r&RihSng Lolhent/  77-7. 8
(

C 3.8
6? 16, Hgas 25£\Ml%18 70 Eﬁ%'le)?%’asdg‘?%gﬁedgfgstﬁez%i‘g"é’%%t Q%Q ?12133%0?%)
134. 11, 10 14 eEhylepssspiean yzs psasises By a MigfRMOE WY FRER efrlp‘]')metedo 90,
3.57. 26. 46, '8 56iom2o7Ehe BES@XChOBalle, cdritGollingl 2107, A 1084 £1537. 15,

128. 83, 129. rﬁ&,erla&ut&5llé—§4va57use¥l3éo Qb1id36 h‘@& g]e%6 b ﬁljrl efg§lerge4§t1.9eam
Preparation o PErr&%ﬁélt[J)\%(tgie et t hyl %% hé/ll )vlaf'x}e CgﬁX)ilene/hydrogen

tr
£,|(]15|2| g_n4m5 x(ij'(d e)cq@fpfsar‘ﬁlg%t%e solvent/styrene stream at ambient
Di chl or o] N- (dempeddtmatehy| Bichybypekatuck nxt hiyd sbiydnk/BodméySad @RI ¢ters the

1,5,6, 7-tet rm;edaa v&-sphﬁébﬂeustd ﬂ@afteﬁylawekéhér%@l@qlh%? Ofo@- QIJ&&%@%% 20
0. 4970 g, 39 es)._ _was e

Eo 0021 ?ml es &9%970 ‘{wrgs ‘)fa’b ‘T\?} ‘E‘Jf“?‘ Q‘““&‘. %%/ ﬁf}rerﬁr&? 2“?su:ﬁ!l’&aesl ow v.

This m xt urecqmagn%frfeﬁagﬂweayqt@m anh@tif. sAvenrt filheh raéaet¢rm¢r9¢rur)@d t he

vol ati | e$ wereactenmtedharbttbe HuesStittimghxd rAACE@bnaNsbAt LAaT @de Usdndgehexane.

Renoval of tg&ehﬁxa%eﬁgﬁthbﬁdoﬂ Rnk kl’.?at%@gsﬂ %QJn&JAeQQS choo;ckkﬁl\/%gsix{ %qx Bl eQ:QUCt
as a gol den yel low sol &9 d Qod2461d. dlgtgxt cg et D Lerr I H ] n pit
(C[err]D[erra]% 3 H) €S, TP 6“??5’(& 3nHpitageem (s, 3
H, 1.49 (s, pagidgﬁl cy]]_._u;ldg_r% a(lgﬂchgrpﬁd tp Sb? c@te.hy[st4rqq) ta@kﬂ]_m( the brppess7. 29
(t [err] J[ emep=7. BkokizthéseHiun tad8s (the datdlys?.whd prhssufed npJham brdedh Hz,
2 30 H)zo 7. p%ﬁlp(ssandlthgz £1b% was measured with Micro~Motion mass flow meters.
These streams combine with each other and the catalyst flush solvent
just prior to entry through a single injection line into the reactor.
Polymerization was stopped with the addition of catalyst kill
(water mixed with solvent) into the reactor product line after the

25 micromotion flow meter measuring the solution density. Other polymer
additives can be added with the catalyst kill. A static mixer in the
line provided dispersion of the catalyst kill and additives in the
reactor effluent stream. This stream next entered post reactor
héaters that provide additional energy for the solvent removal flash.

30 This flash occurred as the effluent exited the post reactor heater and
the pressure was dropped from 475 psig (3,275 kPa) down to ~250mm of
p:éssure absolute at the reactor pressure control valve. This flashed
pc_;lymer entered a hot oil jacketed devolatilizer. Approximately 85
pércent of the volatiles were removed from the polymer in the '

35 devolatilizer. The volatiles exited the top of the devolatilizer.

The stream was condensed with a glycol jacketed exchanger and entered
the suction of a vacuum pump and was discharged to a glycol jacket
solvent and styrene/ethylene separation vessel. Solvent and styrene
were removed from the bottom of the vessel and ethylene from the top.

40 The ethylene stream was measured with a Micro-Motion mass flow meter
and analyzed for composition. The measurement of vented ethylene plus
a calculation of the dissolved gasses in the solvent/styrene stream
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CNWR (Cerr]Derr]): d2.19, 4.61, 27.12, 32.86, 33.00, 34.73, 58.68,

58. 82, 11 .98, 124.26, 127.32, 128.63, 128.98, 131.

136. 38, 13’58%3,‘35%%4. 85. 35 Cocatal yst PeTUsShs?ts

(bi s(hydrogenat ed-t al | owal kyl ) met hyl am ne) (B-FABA) Preparation.

Met hyl cycl ohexane (1200 nli) was placed_in a 2L cylindrical flask. While
stirring, bigyBFThERaTHFLATS SRal MY PR IFPPEETSHE™ ( ARREERGLEP?Y] SFRRRetef04
g, ground toiratheadarcdrtilgrzry weaspadeddotto wible a@ea¥ Ipagk Bnd B3H-3Ped unti |
conpl etel y dis®abvedzind\GuRaus ditkbudekV B0 4o poggeAddeds et did chh@sks and

the m xture iry or .30 m.nutes. A white ptecipi for

i mredi at el yg\%tSl n?#}% Sét%gn%)'f F ﬁ?ss S f?r%d,eaﬁf B:(%FE% ra]sFELgrv? )é‘ﬁl%lc:it. g'grr%‘r?"%bé 3

Li O (M3 g@tes; bathz 4The elgRssyyaeRT 85 ttHOVR| ESR thhetsnditith Bégad t o
turn m | ky wthe etrattewhs asloppedt idbo pedleppedtinig Istaad! chpgrezux col um
topped with a distid athQh pREPARL M5 RBAMidikasNFod Whéh Waspeate hunhdfs e
external wal| t,r(r%EPerzatur e). A 19 WO 98/ 16582

PCT/ US97/ 18773 Xt e of ether and net hyl cycl ohexane was distilled from
the flask. The two-phase solution was now only slightly hazy. The m xture
was allowed to cool to roomtenperature, and the contents were placed in a
4 L separatory funnel. The aqueous | ayer was renpved and di scarded, 5 and
the organic | ayer was washed twice with Herr] O and the aqueous | ayers

agai n discarded. The H err] O saturated nethyl cycl ohexane sol uti ons were
measured to contain 0. 48 wt percent diethylether (Et[err]O. The solution
(600 m.) was transferred into a 1 L flask, sparged thoroughly with
nitrogen, and transferred into the drybox. The 10 solution was passed
through a colum (1" dianeter, 6" height) containing 13X nol ecul ar sieves.
This reduced the | evel of Et20 from 0.48 w percent to 0.28 w percent. The
material was then stirred over fresh 13X sieves (20 g) for four hours. The
Et 20 | evel was then neasured to be 0.19 wt percent. The m xture was then
stirred 15 overnight, resulting in a further reduction in Et20 level to
approximately 40 ppm The m xture was filtered using a funnel equipped with
a glass frit having a pore size of 10-15 [err]mto give a clear solution
(the nol ecul ar sieves were rinsed with additional dry
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met hyl cycl ohexane). The concentrati on was neasured by gravinetric 20

anal ysi s Walog} a value of 16.7 wt percent. Polynerizatio

Et hyl ene/ )s/dgergg}rllgﬁéopol yners F-H were prepared in a 6 gall On'}fg‘él_lsng'l,moi I

j acketed, Autoclave continuously stirred tank reactor 25 (CSTR. A
magnetically coupled agitator with Lightning A-320 inpellers provided the

m xi ng. The reactor ran liquid full at 445 psig (3,275 kPa). Process flow
was in at the bottom and out of the top.®A heat transfer oil was circul ated
t hrough the jacket of the reactor to rendve sone of the heat of reaction.
At the exit of the 30 reactor was a m cBonotion flow neter that measured
flow and solution density. Al lines on #he exit of the reactor were traced
with 50 psi (344.7 kPa) steam-ald—insul abed. Ethyl benzene sol vent was
supplied to the reactor at 3@gsilgl (207 $<Pa). The feed to the reactor was
measured by a M cro-Mtion s 351|éftonws meter. A variable speed di aphragm

punp controlled the feed rat e?&At "§di’8;charge of the solvent punp, a side
stream was taken to provide usfy f Il o® for the catal yst injection line (1
| b/ hr (0.45 kg/hr)) and the [gactol, @i tator (0.75 Ib/hr ( 0.34 kg/ hr)).
These fl ows were neasured by ‘:dEf Wi ag pressure flow meters and 40
control |l ed by manual adjust nEnE ¢T|™M|Gr o2 f | ow needl e val ves. 20 WO
98/ 16582 ) 2 3 PCT/ US97/ 18773
Uni nhi bi ted styrene nmononer a8 # BlitlrecE to the reactor at 30 psig (207
kpa). The feed to the reactofSwa gur-ed by a Mcro-Mtion mass flow
neter. A variable speed di aphré&g 'éﬁng controlled the feed rate. The
styrene streanms was m xed Wi | g—+4gaifii pg sol vent 5 stream Ethyl ene
was supplied to the reactor gt 6@d, pgkg 43137 kPa). The ethyl ene stream
was neasured by a Mcro-Mtign nmpgdS[Tikov nBter just prior to the Research
val ve controlling flow A Br(’§oks glam met e/ control l er was used to deliver
hydrogen into the ethyl ene sgieamal :The o@fl et of the ethylene control
val ve. The et hyl ene/ hydr ogen| 19 n ffure g@nbines with the sol vent/styrene
stream at ambi ent tenperagurfe.s Thgmkgdper a§&re of the sol vent/nmononer as it
enters the reactor was drgppé’cﬁt '«;:g'ﬁef_{r]{}by an exchanger with -5[err]C
gl ycol on the % § -
& 2 = z 8§
3 D ==
g T OE 28
f3feaals ¢ 3
ZEATINE 5 B
P28,
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S3zlelzloff ¥ 3T
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jacket. This streamentered the bottom of the reactor. The three conponent
cat al yst dits solvent flush also entered the 15 43 t he
bottom butwélgﬁ’&g%fg a different port than the nononer stream'i,%gﬁesgarati on of
t he catal yst conponents took place in an inert atnosphere gl ove box. The

di l uted conponents were put in nitrogen Eadded cylinders and charged to the
catal yst runEXRYENE(STYRENE (OBOLYMERID ofdS - Br¥imPEREYH i & 3 BAKR PeReentat al yst
was pressurestynened th piston 20 punps and the fl ow was nmeasured w th

M cro-Mtion nmass flow neters. These streans conbine with each other and
the catal yst flusReSd&iePert! jFaseePrrod- t Sremss o ahhyiene! $1gKen¢ nj ecti on
line into thentegpotyver Red yumer fddiowimy waspettoppediedghh pelreemddiyrame of

C?t al ytsE1 A<I2 |5115._(3’)’afx\62[e _rpeasegflxemswresgl very h;l aer&i%ea roe.asiphep% Q‘iU@Eralt'enth
after e GLonptL i | et er agur.i ng_the sol ution nsity, er
pol ymer addi t(?avoeé' (r%t% g'g) a'd?é%ﬂ?m%ﬁt trg%e§%sa PRIy st R %g.' ﬂ:?% sagf%nsr#k%‘} in
the |ine prov¢nRegdatizpdPsF slerdvedhe Eat28Fyst kill and additives in the

reactor effl s&ream This stream {}glx% ent er ed 1:F)_ozé‘rgeactor heat ers t hat
brovi de addi EfkERe ks KobobbrRO) (I FURG5ErF1 2817 RaEF PrrPet | ach
occurred as #¥ere@fi| uent exited the post reactor heater and the pressure
was dropped from 475 psig (3,275 kPa) d to ~250mMm of pressure absol ute
at the réhctor pr E%Lfl?% eg%th?e%Fv%}i %ﬁ?srﬁslué‘éhrégdeé%‘f]fﬁﬁ%té’ﬁ?‘é? ed a hot
oi | jacket edigharePhinds Rad thapfelderind SrgPeT-iser ctaighbiperRenty gkardnees wer e
removed fronsilee pole/ mwercént tsheredle =devalatilizer. The volatiles exited
the top of the devolatilizer. The stream was condensed with a glycol

j acket ed excBERGENELITYRENE GORALYMER Gy (&di- dnvoPeacsnicudtn Daape Peacerts

di scharged tstyegkycol jacket solvent and styrene/ethyl ene separation
vessel . Sol vent and styrene were renoved fromthe bottomof the vessel and
et hyl ene ¥ rom t heSe®d[Fengpal Fyacedury| Bne THE refml idRg SERBIFNEGStAMTERe a

M cro- Mot i onimespofynw hed etheafsl lanahy pedpédries oNpaght | rcerithet peaue enent
of vented etbyligngofd $erdes@lseit el 0N 0fs; t fghsdik§SOl veth Jasses1b 418

sol vent/styr oStre 1 ) 98/ 16582 _... . _
PCT/ US97/ 187%43\2? ez'gglé t’olt%gcﬁﬁa@éﬁse%fﬁréugtlﬁ?l%eﬁ“ CENhVer g?sgn.derllﬁ'gdbo'l ymer
separat ed i n*th€- devol atilizer was punped out with a gear punp to a ZSK-30

devol atilj i pg, M ARHAMVRERE Y9RbeyvEn Il eh . BOMY TRECEN ! 95 G0 BX e UdSH, 23S

styrene)

See General Procedure A. The resulting ethylene/styrene
interpolymer had the following properties: weight percent styrene =
67.0; mole percent styfene = 35.4; density = 0.996; melt flow rate

25 (190°C, 2.2 Kg) = 1.7:; glass transition temperature (DSC derived) = -
3°C.

ETHYLENE/STYRENE COPOLYMER E (72.5 wt percent; 41.6 mole percent
styrene)

See General Procedure A. The resulting ethylene/styrene

30 interpolymer had the following properties: weight percent styrene

72.5; mole percent styrene = 41.6

ETHYLENE/STYRENE COPOLYMER F (28.8 wt percent; 9.82 mole percent
styrene)

See General Procedure B. The resulting ethylene/styrene

35 interpolymer had the following properties: weight percent styrene
28.8; mole percent styrene = 9.82; melt flow rate (190°C, 2.2 Kg) =

1.0. Further properties are shown in Table 2.
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a single strand. This strand was cooled as it was pul led through a 5 water
bat h. Thgvﬁ?ﬁf%@z water was blown fromthe strand with air gggnisbfigyyy and
was chopp n pellets with a strand chopper. The actual preparation
conditions for each sanple are sumarized in Table 2. 22 WD 98/ 16582

PCT/ US97/ 18773 98/ 16582 .
PCT/ US97/ 187 232 * WER At (BRFC8 Wi 26efE arte PRICShtp| e

X QR YMERS §
percent styrehgyer8e Ceneral Procedure A. The resulting ethyl ene/styrene
i nterpol yner had the foll ow ng prolperties: wei qgt_ gercent styrene = 5
45.3; noi e percent®®8t §5TaT FrPgedureyBnsi TP Zoti84RT srBrtens/shvrenee

(190[ err] C, Zne¥gplymed hpd thredblbdwihasprpert X3 :6wdigpt phaesttstamend i-on

tenperatuge (5525453 dt%F.EVﬁ‘échﬁt Isky2bed 1] @z.l %I"MLE\EA.S% %BE%E(@@F{?-ENE& 451-A8
wt percent; ercent._.styrene : ee General Procedure A
The resul ti né'ét hﬁ;‘r%‘a:ﬁ‘é HyPehe P nt'er Sémnrré‘rn f&tet Az fol | owing properties:
wei ght per cerrnginNE9BeyRENElc@ioL it W] Y $8 it Shekc@Re: 3228 . mle percent
ETHYLENE/ STY! percent; 32.5 nole percent styrene)

15 Seé ¢&Tieral Procedure A The resulting ethyl ene/styrene
inlterpol ymer had tde é&ké@gﬁ xs%ceal_swlsti Effie Y\Qé'l.gﬂltin@?é'tQQIEne?EH(heé&g = 6_]4.Cl;
nol e percent . ene = 32.5: n p = . melt rate err] C
2.2 Kg) o6 é%?%‘f%?%‘e’f T e|gﬁf%‘;e“)r{fﬁgr%%%r%%“(‘ﬁscw%‘eérh?%‘:ﬁfgt-S]t e
20 ETHYLENE/STYRERE® RPOEWWERYEEIS T 82w’ Petedier mtes (e Fel kit =
styrene) See2@nenalthlr qregdertdeA. arkhahowsunt Talgeehyl ene/ st yrene

I nterpolyner had the foll ow ng properties: weight percent styrene =
POLYOLEFIN A is a high density polyethylene available from The Dow

Chemical Company as HD 4352N having the following properties: density
16 = 0.9508 g/cm’; melt flow rate (200°C/5 kg) = 12.4.

POLYOLEFIN B is an ethylene/octene copolymer available from The Dow

Chemical Company as DOWLEX® 20474A having the following'properties:
density = 0.9178 g/cm’; melt flow rate (200°C/5 kg) = 7.2.

BLOCK COPOLYMER A is VECTOR™ 4211-D available from Desxcc Polymers

20 which is a Styrene-Isoprene-Styrene block copolymer containing 29.6
wt. percent styrene and 70.4 wt. percent isoprene having the following
properties: melt flow rate (200°C/5 kg) of 10.6 g/10 min.

BLOCK COPOLYMER B is VECTOR™ 8508-D available from Dexco Polymers
which - is a Styrene-Butadiene-Styrene block copolymer containing 28.5

25 wt. percent styrene and 71.5 wt. percent isoprene having the following
pfoperties: melt flow rate (200°C/5 kg) of 12.2 g/10 min.

BLOCK COPOLYMER C is VECTOR™ 7400-D available from Dexco Polymers

which is a Styrene-Butadiene-Styrene block copolymer with a molar
ratio styrene/butadiene of 31.8/68.2 having the following properties:

30 melt flow rate (200°C/5 kg) of 17.3 g/10 min. and an oil content of
33.3 percent by weight.

BLOCK COPOLYMER D is KRATON™ G 1652 available from Shell Chemical
Company which is a styrene-ethylene/butylene-styrene triblock

copolymer containing 29 wt. percent styrene and 71 wt. percent
35 ethylene/butylene.
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67.0; nole percent styrene = 35.4; density = 0.996; nelt flowrate 25

(190C, 2. = /; glass transition tenperature (DSC der ipegf)so718773C.
ETHYLENE/ é\é%é&l&s OLYMER E (72.5 wt percent; 41.6 nole percent styrene)
See Ceneral Procedure A The resulting ethylene/styrene 30 interpolyner

had the follown roperties: weight percent styrene = 72.5; nole percent
styrene = 41.E§A@(i;r-‘i}’%LEl\lE/]§T‘9‘PEP@M IYRERPERIMETS &~ Bercent; 9.82 nole

percent styrene) See General Procedure B. The resulting ethylene/styrene 35
i nterpol yner dhad thepheld QN 88 NP bofbonbRE Hhn@ddmBbientt ¥ €Nne = 28. 8;

nol e percent styrene = 9.82;, nelt fTowrate ngOFerr C, 2.2 K%{ = 1.0.
Furt her propertied* §PBPEGFSHAR iMPIERA 8ress JRHE Heds} I#?EWSWEE?"’? VLERD6)
WO 98/ 16582 preheated to 175°C - 200°C. A chase system consisting of stainless

PCT/ USO7] 1873 EThodoRNeS STYBENE 1EFRRIYVER GkBd dhatle DORCENes? 20,10 €
per cent styrene%j See General Procedure B. Ig\g resy ]tel ng ,e(}h | ene/ styrene

i nt er pol yner ™f4 lt%‘@s?o? (?Wﬁ?j‘lﬁ‘?’b%é’r ?l"e@‘? it %) FCefit es%\}r%ﬁé e 5
52.4; nole p&héehtwast pregaced. 2Ang8¢; thepFhadfe wop reyeely Bpofad chGmoRnR &«fy) =

1. 1. Further pbepatdpbemet peSivrsn (Cdnpdbabite A?. ifdib¥t&NEA STRARENE CekPsh ¥YVER H
(73.8 W PErasnh:ofieotodin B GEDLct! YA GABLNORE FEIVHRE! 1 fhACRINLE i I

resulting et g%/l ene/ styrene 10, i nterpal imer h | owm n%EtFro?ert I es:
wei ght pefcent "BiSh &R "tvef’é?’flsﬁﬁi"%u% r B sTRASENE™ TOB°5 EORPCK| ow rat e
(190[ err] C, PoRvigp. =R2layerPgrathhertyreoptt (TEE cpasedahrmts waFafdmed next
POLYOLEFI N AtbStige ioghmélensThy spabyrhhywheneehyaickabh enkrgrasthe: Bewr Cheni cal
Conpany as HR;43naN | ' r 11.es: | F 9508
g/crierr]: ml;aallf[ il ov%g?g%%%%%%%fé’?#iﬁ §@§13p °§Q%t“2.€§'PctJ_q$%§‘;éIﬁ¥‘°N‘J% °s %r?

et hyl ene/ oct ERESRIPSI JREre2562i 10aBPRY B 089 Tt e LSS £9%0 77 OB “DONL EX
20474A hawi nghehehdssl bosvithg Pramgdebléngsvagiaenpysd when FpPBeqy/tonfwhififientel t
flowrate (2Q@beaidyC/ STkd)stE1Y .wlrm blend was placed onto an operating roll mill

(155°C) for 2 minutes total. The blend was temporarily removed,

'folded, and replaced on the mill at least twice. The blend was
removed from the roll mill and allowed to cocl. This material was

20 used for further fabrication.

B. Preparation of Test Sample.

A compression molding press (PHI Model SB234 C-X~MS-X24) was
preheated to 200°C. A 7.0 gram portion of the blend from A above was
evenly distributed into a 75 mm wide by 115 mm high by 0.94 mm thick

25 ?hase layered between TFE-coated glass sheets and metal backing
iiétes. The following temperature program was followed: preheat 3.0
ﬁinutes at minimal pressure; medium force 0.5 minutes ({10,000 Kg ram

fprce); material cure 3.0 minutes (20,000 Kg ram force).

C. Preparation of Test Sample.

30 ’ A compression molded circle was prepared from ancther portion of
the roll-milled blanket prepared in A above in a manner similar to the
first sheet prepared in B above except that 14.0 grams of blend are
used in a chase which has 76 mm diameter circles and which was
abproximately 3.2 mm thick. Circles are cut in half and doubled to

35 required thickness for Shore A testing.

26

SUBSTITUTE SHEET (RULE 26)



BLOCK COPOLYMER A is VECTOR[err] 4211-D avail abl e from Dexco Pol yners 20
which is a YR | soprene-Styrene bl ock copol yner cont ai ni P&TRJ%TQIW-?

per cent styrene and 70.4 wt. percent isoprene having the follow ng
properties: nelt flowrate (20005 kg) of 10.6 g/10 min. BLOCK COPOLYMER B
is VECTOR 8508-D avai | abI e from Dexco PoI yrrers which is a

St yr ene- But act-epnB2TN F BAPYR.-Nng 28.5 25 W . percent
styrene and 71.5 v»ghe Qgg@ r t f r e | t
flow rate (20005 K St ang: SBe haitan! o ol of . il
7400- D avai | aBfl &5FF De?&?é‘si'-"bg r 3%/ "R Cfeé;eﬁmgtefr 8?1é:h8u? a?fl BReshsey$ ene
bl ock copol yrefePareh ia Roibeveruging stipnsaelafufatitdmelof c8loBi@8e? (PRTP+H)

t hg foll O}M' ngsm\ﬁ.manert;oi astM 30100%! t TédaWe| ahRiul2O0GhE K& spécikibnd HelQidri n.
and an oil c e 3 e t t RO 1S

KRATON[ er r ] %ﬁtt gﬁz’lé;\?éi gsﬂob B E’f%qm sé"f%gg‘grﬁ"cﬂ' Q&ée‘(':QPO%E/SECh Tea

st yr ene- et hy RER&EPEt V&N sf’?’F‘éeﬁ‘é f’+‘?"(ﬂa5&?<‘"c5‘56‘?y3r9erse%’r‘?ﬁal”rﬁtHQnQQ"a\M- 60
percent styreiREcadY Reagure peresant tgBilet psti-edefinmdybend fi®E gaudiDifgEika582

PCT/ US97/ 187 ZubGXAMRRES 1 gadde)ANR mVBARé\JIgHEgEWERm&NI%ﬁ beBueddn grip
ng

Preparatign I ng A ,cappressi on nol
press (PH4I3 M;.degF %33% %%&%}) %s prg%%%ed%OVlT?g acmZJOO[err]C A
chase system consisidraga afarghedses adrermsi@Reby hamid ppnbat es, TEFLON[ err]
TFE-coated glass fil msheets, and a netal chase of approxi rrately 64 mm hi gh
by 191 nm wi de by EPre8 am30Ri pdkcogpt ghoapgatien (BMR eerbentchaddushswasvenl y
spread an anuister®inedl b¢kns@apolqaer pell ets (Conponent A) indicated in
Table 3. Froma sl ab of Conponent (B) was cut an anount of pol yner

i ndi cated i n Tabl ePergent Feipketionasae\penfytigiedt 1 PSTVP i2A9119d effese on top
of the bleck exakysmin té 150ypeptbnit &ltigak tomianll TFbasedtoadsshretsiuaspépr med
next to the pRL¥ABG mliaﬁnéna@mg%mmsanars@@&t 86 ddohhe press at near

m ni mum pressure for approxi mately one mnute, then pressure of the press
was increased to abeute 8001460 ané grified de Tauwlel®. seconds. 15 The chase
and the fused bl end was renoved when cooled to sufficient rigidity. The
still warm bl end was pl aced onto an operating roll mll
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(155[err]C) for 2 mnutes total. The blend was tenporarily renoved, folded,
and repl a he mll at least twice. The blend was reno e
roll ml I%‘?afg%ﬁ wed to cool. This nmaterial was 20 used fg?il u??ﬁgtrxh
fabrication. B. Preparation of Test Sanple. A conpression nolding press
(PH Model SB234 C X-Ms5-X24) was preheated to 200[err]C. A 7.0 gram portion
of the blend fromA above was evenly di $#¥4i%dted into a 75 mm w de by 115
mm hi gh by 0.94 nm thi ck 25] Bhhse™t dyePed b&xvepXTFE-BobijeBX dl asx Gheet s
and metal backilBend# at es.  Thesdsal: lberédiestonjesssiolsesal 6815 T6Xbs51sah b aned:
preheat 3.0 nmi (UrES At T T [TEiESPressUT e, BaTEQT E8TT | OBFE O 86Ty TRstes— 6] 000
Kg ram force); ﬁ%ﬂﬂ? B _cur ecomymer : et i o008 | fegimera Frpchrst | Semdmer Copoymer
Preparati on of [Tdyee Sanple. {38 : A | AAconpressi dh MolBed cBrcl e Bra
prepared from gnother portiron of ;the riol T-niTTed]|blanket priepared in
above in a manjemtSh&hfiene t 0 tshe if igsst| skeet ps epaugd |i gB ahgve] exgept

7

P

that 14.0 gr ang—of—btend—are—useq—nm—a—chasgwhith—teas—76—mdt o.i«tn""‘et ef
circles and whijc r oxi gt el yz3.{2 t higek| Ghr ¢l gr ut gn hal f
and doubled to BW%Q f%c'@ne‘gs fegn erlge %9544—% 2252(: \l#] :

98/ 16582 urt, grarms ; PBr/lus$rajs773

D. Testing of $anpl es Wepaiedlin (W) |ab¥ve. Fhe|t @8t |sPBcilmeds ar @ s{ored
at 23[err]C forf_24 hours or | niue iplbaOri teex t @Sk N(. Bokl @NGRA §Siead Nawk yvas
det er mi ned on §EEOMSRANM s hevstrs: : eyl iCaelms rEoByme heswigrer) Sooh s | Sorieenit Gercrime b

Tristimulus colioriyseter (D2bP-B) i5 A dinBlar C ASAM D 1B03. CTensiO e
nmodul us, and set Arpagiganss ar @2d1:€ %ug (19 €| L19 APTRED[ 1%Z2)] T30M T 9. 94

mm sheets. Tengite—set rrotocgh WwasytSo rce egR et a3
seconds, returfy #@n%%cﬁse“o..vs,jﬁ?;ga urg,edc fg’e“ ?bern.;irfg det]iw ds'e-f—_E%e-j as
{(final gauge-ilpitial gaugel/(l niit i al gauge)} x 100 where gauge M@s t he
| ength between @B 10 jaws wRen f8rde FechnB® applr ent3Baflt & rend¥i ng
sl ack. Shore Ajhardness was|deterim ned by ASTM Dj{2240{ Forde at 00 pe¢rcent
el ongati on (BOdnSlm/&Hardnemqul 65) inwei® det® nj n8Y py SASTMED 41247 Per €&n|
rel axati on was|as defined |

Ultimate Tensile
psi 4398 . 3163 | 3147 ; 2,560 | 3437139781 1,603 | 5,154
kPa 30,323 : 21,808 21,698 | 17,651 23697 27,427 ! 11,052 | 35536
% Elongation af ; ! i : i
Break 350;925!542’758 1,017'858!1.092!558
Force at 300%
Blongation(300%
Modulus) _
psi 635 | 597 | 648 395 | 434 | 445 | 597 | 846
kPa 4378 : 4116 i 4468 | 2,723 | 2,992 | 3,088 | 4,116 | 5833
% Relaxation (after :
150% elongation) 2 2 21 18 20 2 21 17
s |
% Set (after 150% |
elongation) 11 | 1 13 13 10 12 13 1
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15 extension to 150 percent elongation and is based on force val ue upon
reachi ng gy %ggﬁﬁglongatlon and after 30 seconds. The test r ecWIUSS7/HTE
provided in e 3. 27 SUBSTI TUTE SHEET (RULE 26) WD 98/ 16582

PCT/ US97/ 18773 Table 3 Ex. 1 Ex. 2 Ex. 3 Ex.4 Ex. 5 Ex. 6 Ex. 7

Ex. 8 Bl end# 6252-5-8 6252-5-3 6252-5-19 6252-5-20 6252-5-4
6252-5-9 6252-5-15 6252-5-13 E/' S E/S E/S

E/'S E/ S ELS %ﬁ Tobie gjé’m"d on Copol yner
Copol yner Copoljyner rml’mlvﬁrp 0 % % [ =16

A A A Bend# | Be52551 . 3 Loy ene

53 55 S5 SS——— S8y — ' ﬂ_Ag_yﬁr O/Qa%f}”%ilp

45 45 45 Component B éé@otymer Copoly&;(:opolymen &%ymen COPONM le#%polyngrrl (ﬁ“ﬁm‘

8 9 O Wk 99 € | Co C C cw. %D ya)) 249) 50
50 20 20 |~t8tbthylere0 BIrosk BragCk 3B Pl BracK—xBHpTEs T Bhagck

Bl ock ConponentW&ow —Coggoty s ; —CEPo Y BES BT

Copol yrmer Copol ¢ oo A ' B \
B C DAM'“‘ ?t.g‘r?’:hs | 8k ™ L%g t 87 8 1.8 8,
32 31 wt. [% g % 2 5p D5 » 050 | BB | Vgh %
Haze Comporeht A 17 B8 Bock Gi) Bock | Bogk | BRKY | Bock [dock | BoY
Shore A Har dneds 65 59 Copolymer ?polymequporymer COBMmer: C:BQZmer Copolymer| Cg’ylymer COpolynT(
Utinmate Tensille PBf A 4388 |3B68 ©3,:14% 2,50 O3, 43D 3, 978
1, 603 5, 154 WPamount, grams 38R 323 3221, 808B1| 219698 3217, 6821 | 231 697 32
27, 427 11, 054 35,iﬁ35 Y EIogigatl | (80 af Bj €ak 50 | 80 80 |82y T @g5| 542
Z;gg 1, gé; 820 —10 ;gg 5:2‘6 fz‘sbﬁgg'vsc{f’/c Ei u:r(quglgti ot (SGGW—gfa—Wsi
4,116 4, 468 ﬁigge; 20021 37pgg %y P 23833—599-%94-% 5N

0 i :
150% el ongat i OnéloreAl-érdness 2&9 26]3 L946 ! 2& 6622 2]77

17

-4

Utimate Tendle
pS 2958 ;| 3,745 | 819 | 729 ; 2875 3,722 | 1,727 | 5627
KFa 20,395 ; 25,821 5647 | 5,026 ' 19,822 | 25,662 | 11,907 | 38,797 |
%HBongation at )
Break 90 ; 742 | 1,000 | 1050 ; 958 | 733 | 983 | 468
Bongation(300%
Modulus) R e :
ps i 255 ; 613
KFa 3243 T A468 | 1,703 | 1,758 ¢ 4226 | 4937 | 2020 | 8253 |
: i
-|%Relaxation (after |

. |180%elongation) 20 2 33 324 23 18 18

%St (after 150% 1
_ {elongation) 12 | 10 B i 17 i 12 12 17 10
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% Set(af t er 150% el ongat I on) 11 11 13 13 10

12 WO 98/ 16582 PCT/US97/18773
PCT/ USQ?/X%?/% Ie 3 contd. Ex.9 Ex 10 Ex 11 Ex. 12 Ex 13 Ex. 14
Ex. 15 Ex. 16 6252 5- 6252-5- 6252-5- 6252-5- 6252-5- Blend #
6252-5-5 6252-5-10 21 22 6252-5-6 11 16 14 E/ S
E/S E/S E/S E/S 12 3 conty. &/ S Conponent B
Copol yner o : C | ymer
Copol ymer Type D Be7 BG8 ; B 1S Comp D Comp : @npD
D wt. %t hyl bne 36 . =>db 33Bt A LB ERLC | BoLEB|wt .
08/$tygene 1o BeAd 64 . @55 . &10 252671 ﬁz S5 TR | m ’
4
20 20 [CoTEEEB g Lgsmﬂﬁ%smyﬁnasm"‘in FEhain éd“’f‘ﬁmn':"“’%}
Bl ock Bl ofK¥= Bl ock Bl odk Block EBlockA :Bl&ck: Block 5opo| yner
Copol yner Copakytatyiegopol ynme@7 CopolZfmer Capol ynmes— Copg-l-yrrec-—-COpgl_)me
Type v@“Ysm)e'e B C A H “C, D~ATouUn
gr ans 3 - 19 L . ? %% 15_ : ’ 3P %—“o
80 80 | AR gETs o) 880 8 gag 70 a0 Mare ®
73 78 89 W-% 9g0 29 ShoFe A Ha¥ness80 5950 : 2 92] 47
46 60 - 8o/ Ul Bexrat g, | | @odosi Bk , Bok 2 88
3,745 819 J 875 QYD CopED 7 b D7 ety Copdymer - Copoyrer  Sypchenn o
25,821 5, 64F Tv® 026 19, 22.. 2B, 662 B11,90B -38C797 9B ohgaliof at
Br eak Arourt, gaod) 42 1, QQO 1, @80 B 283 @3 0168
F t 300! '
2gzrsce : 613 71627 293" ,E;OETﬁ) pS@ JLA#OOA nL ,7=§4{° 226
4,937 2, 020_8,_253_%ReLax_aLj_Qn_L_ai_t_EL_;l_5ﬂ_/@Lonnaf uln,l 28 .22 33
33 24 Yolkge 18 888 o3 (aft & 150984 . 8 ® , >
Shore A Hardness -6 66 87 87 89 8 . 8
Utirete Tersile BEr e NS S e i ERED
psi 3628 3981 260 3171 : 2797 ; 271 | 2545
kPa - 25014 27448 ¢ 18471 21863 19285 19243 | 17547
% Hongation at Bresk 958 783 417 @ 8 70 7R 77
Bongation(300%
psi t 737 814 ' 186 17¥ : 168 ' 112 ' 1180
kPa 5081 5612 . 12797 11909 11673 8219 - 8136
% Relaxation (after 150 - ' : :
doregticn) ® oA ® & & DB
%Set (fter 150% '- f ’- ; ‘ 5
elongation) PN ' 12 : a2 5¢] : 2] : 40 i 2]

* Not an example of the present invention.

EXAMPLES 20 - 26

5 a) Compression molding:

Samples were melted at 190 °C for 3 min and compression molded
at 190°C under 20,000 1b of pressure for another 2 min. Subsequently,

the molten materials were quenched in a press equilibrated at room
temperature.

10 b) Differential Scanning Calorimetry (DSC):

A Du Pont DSC-2210 was used to measure the thermal transition

temperatures and heat of transition for the samples. 1In order to
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el ongat i on) 12 10 18 17 12 12 17 10

29 VWO 98658h 8882 PCT/US97/18773
PCT/ US97/ 18773 Table 3 contd. Ex 17 Ex 18 Ex 19 Conmp. Conp. Conp.
Conp. Expt A* Expt B* Expt C* Expt D* Blend # 6252-5-5

6252-5-10 6252-5-21 6252- 5 22 6252-5-6 6252-5-11 6252-5-16 Conponent B

E/ SCopol ymer et r | efi-n Po] yol efi n Pol yol efin
Pol yoloef |>/n Teé)mmage revious §g%P lyEESt"ﬁy' Seﬂéges Aere %‘I%B Wa%t\‘ﬂllyaéﬁet

27 27 0 °Cop7 Heating and caoling curveg\twed@tyacomeed at 10 °C7/[hnin. 73

73 ---  Melting APURbm Fe@BBd heat) and Srystallization (tc)1§Emperatﬁ¥%s 20
19 20 \t % % 20 50 0 50 50
Type were rec?fded rquthe peak E?mperatqus of thecendotherqgand (: AnDunt

gr ams 5 exothemmp, respegiively. 19 19 20 19 20 wt g@
80 80 c) Dynawhic Mechérfical Spe2@roscopydfbMs): 50 %laze 88
gg {933 ggnamlc m%.gmam.cal ggta wereg%rﬁ:} ﬁa@gtg‘énsgﬁ%onﬁgflcs RSA_61

3,628 3,98111 sciigAFate anplyzer, apdmeit Qreﬁefd (2 28miY shick) film test
25,014 27, 4¥@cing®s 47The (M, 86SuréGeriB5wedd codducthd, S 3 YGRS i g salc

Br eak 358 /min/88d a fixéd Frequencd4df 10 rd@f: T2 l /1£ ng%_'
737 814 C§4 9o 2ipa - an=ttion 5, 081

5,612 12, 7t9e‘7‘p‘1’r%§‘6’§6é'rg’lf%3gb/% s’aggfezslga;' %e fﬁ%”f%]i ?’é%ff‘%r%a(‘a? tP€Pk15o 18

21 59 maximupg 45 30 29 el ongation

12 62 d) _Shéfr Rheoldsfy: 40 39 * Not an exarrpl e of the pr esent
i nvention. EXAIVPL&;% i3Qat Bear FheoldYPhEsstireRedmd (LAY §€%QRJ S

mel ted ajf egmgﬁx[lzs ahgigadea:oggz%s& 80, rmlrdee at 908e n eeSZ%\,%Og | b of
pressure for OO SHEG Gt | ot e ‘Tgtl(?ﬁ RRPBPTHISS Yo%

quenched i n ™PrpfFeged éﬁu?‘l‘ |1l§|°5¥%‘i¥‘a&t S?Q)GRFR%er%lt%fr &90°C0in 1) frydeheyent i al
Scanni ng Cal ssreepetade, ( DSG)g parallel plate test geometry.

e} Mechanical Testing:

Tensile properties of the compression molded samples were
20 measured using an Instron 1145 tensile machine equipped with an

extensiometer. ASTM-D638 samples were tested at a strain rate of 5

min~l, Micro-tensile samples were tested at a speed of 5 in/min at -
10°C. The Youngs Modulus (E, Mpa) measured was the average of four
tensile measurements was given. The standard deviation for the

25 ultimate properties was typically about 10 % of the reported average
value. Also measured was the yield stress at the inflection point of
the stress strain curve (oy, Mpa) and the Ultimate Tensile stress at
break (o,, Mpa).

f) Tensile stress relaxation:

30 Uniaxial tensile stress relaxation was evaluated using an
Instron 1145 tensile machine. Compression molded film (~ 20 mil thick)
with a 10 mil gauge length was deformed to a strain level of 50% at a
strain rate of 20 min~l., The force required to maintain 50%
elongation was monitored for 10 min. The magnitude of the stress

35 relaxation was defined as Sr, the percentage = (f; - f¢ / fi) % 100

where fj was the initial force and f¢ was the final force.

g) Thermal Mechanical Analysis.

Upper service temperature (TMA(lmm)) was determined from a
thermal mechanical analyzer (Perkin Elmer TMA 7 series) scanned at 5
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A Du Pont DSC-2210 was used to neasure the thermal transition tenperatures

and heat jtion for the sanples. In order to 30 SUB T
(RULE 26) 9&0&{%@8/ 16582 et

PCT/ US97/ 18773 eli m nate previous thermal history, sanples were first
heated to about 160 [err]C. Heating and cooling curves were recorded at 10
[err]C/mn. Melting (t[err] fromsecond heat) and crystallization (tc)
tenperatures were recorded fromthe peak tenperatures of the endotherm and
5 exotherm respectively. c) Dynam ¢ Mechani cal Spectroscopy (DWVS):
Dynam ¢ mechani cal data were generated using a Rheonetrics RSA- Il solid
state anal yzer, and nelt pressed (- 20 m!| thick) filmtest specinens. The
DMS neasurenents were conducted at a step rate of 5 [err]C 10 /mn and a

fixed frequ .of _10_rad/sec.. Th I j tion ¢ ure (Tg) of the
sanpl es was%g%le,?rﬁn%eﬁ J{%gg,mgf ﬁ(jef“gtrlogl [ %??]ée%%g% %ﬁxfhﬁu%@% %gh"é%rchgl)é%l ogy:
Osci | | at or y FERBEPPRERI GGy L fndDF R FdRt @M Pe perfornmed with a 15

Rheonetri cs RVS-800 rheoneter. Melt rheol ogical properties were nonitored
at an i sot hé¥amPles@l-tenperature of 190[err]C in a frequency sweep node,

usi ng pamal | el plEdbeplesi gevrEbLend edpntdichagi 15ak Teskigt ofebsi erF and

properties ofs §hg, GRIPLESE AILIIOENRA yR&FTH . eSTNELEerd wadBRAIPREEL W3l NG an
| nstron 114%12%1% I gnn;a(‘}gl € [£qui P’Fej o¥\n t k‘}vla&l.xegg ensi orrgt er.. A%T D638
sanpl es wer € FESTEI Bt 4287 41 1TOPHt €007 %5 i nlrgér']. EPRTENSTT 4%yl es
wer e test ed "ikeR el ofc-5 IrtARIR velure for, efieetyRrIMGSinbH#EPUs (E, Ma)

nmeasur ed waspbheximaeenga0sf of @20 ¢@NSklenlmeacny erraimmdeasorgideinglhe
st andar diode\yeAki O ah8 cdrdd@idncyl & TRER SUBBREAd €8 MRPaty Rl 6@l i8R0 10 %
of the reportthgd avera et\(/)al L&g..ev §070E990 anmed vgs t&e |eI]D sgrissatat. t.he
inflection pornteor the S PEYS 817408 EIVVE v’ ﬁvééy FRthEEPT 1S e
Tensi | e str é€¥eakheny added peeriseMpuyr. thg Prepgtted Seldsatedibavhtasonhe 30
Uni axi al tensibes sierestsunhéh@xat BOnrpnas Eeahutdddlssidrg Beated to
approximately 250 degrees Centigrade. After a small melt heel was
1§ established in the mixer, small increments of dry blend were added and
allowed to melt and incorporate into the heel before more blend was
added. This continued for approximately two minutes until all the
blend was added. A sealing ram was then lowered on to the melt bowl
and the melted blend was allowed to mix by roller blade action for an
20 additional ten minutes. At the end of this time the rotors were
stopped, the mixer was dismantled, and the melt blend was removed and
allowed to cool for further testing and analysis.

Example 21.

25 Example 21 was a blend containing 25 % by weight of ESI # F and
75 % by weight of Block Copolymer D. The blend was prepared
essentially as for Example 20.

Example 22.
30 Example 22 was a blend containing 75 % by weight of ESI # G and

25 % by weight of Block Copolymer D. The blend was prepared
essentially as for Example 20.
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I nstron 1145 tensil e machi ne. Conpression nolded film (- 20 m | thick) with
a 10 m| oRipsnesiaot h was deformed to a strain level of 50% geraissiAgdms
rate of 20 mn[err]. The force required to maintain 50% el ongati on was
nonitored for 10 mn. The nmagnitude of the stress 35 relaxation was
defined as Sr, the percentage = ([err] - f[err] / f[err]) x 100 where
flerr] was the initial force and ff was the final force. g) Thernal

Mechani cal Anal ysis. Upper service tenperature (TMA(I mm)) was determ ned
froma thermal nechanical analyzer (Perkin Elmer TMA 7 series) scanned at 5
31 WD 98/ 16582

PCT/ US97/ 18773 [err]Cmn and a |load of 1 Newton and defined as the point
at which the probe penetrates 1 mminto the sanple. Exanple 20. 5

Exanpl e 20 was a bl end containing 75 % by weight of ESI # F and 25 % by

wei ght of Bl axempppazymer D. The bl end was prepar ed by bl ending in a Haake

Rh 3000 bow T £ thi t
o o ﬂa}éﬁlﬁ'e ZHJq%agaaD%& C%nt? er}l%g7 %0 or YZ%‘%E °fC§Fg}T Igt F%S

vol ume for effectijve T OXI M8

vere made cord dePy Mgiebt d’%ng?'?i}‘ SRRPBREL Pt u@ﬁ%f’@ﬂde’aa@hpémeﬁent to
prepare a dr\esseahthldly aheforabempdks2d.o0 achieve a 70% volume fill. The dry
bl ended materials were then added stepwi se into the preheated calibrated
bow as the r&%é . Wgre turning at 30 rpm The materials were heated to
appr oxi mat el 5 )ﬁg‘?ees Centigrade. After a small nelt heel was 15
establ i shed in t he®5fR&f Z%Hﬁfla PAERL RORFRINNIEY HPEMPiEEE 0Ta B8R Snand
al | owed to nmelSt %albpyl viedglor pdr Atecki Abpolyimer hzel Thefldresd masepbémirddwas added.

Thi's conti nuegskatiappr oxiswet Blampiwopgri nutes until all the blend was added.
A seal i ngyramwas then |owered on to the nelt bow and the nelted bl end was

allowed t.o mx by roller blade action for an 20 additional ten mnutes. At
the end of tH*@™P1$#3the rotors were st opped, the m xer was di smantled, and
the melt bl end wastxaepbeeb ansl ablewkdonbaipdah 1Hr% burddight tESESDG aNend

anal ysis. Exaspkepyleidt of Block E¥sdlmer2d. Wase dikh&nhsCoALAIRLNT 25 % by

\Slraleggﬁ egf ESIes%exEtJ_aaI].Ciy?;s %ogyEm&)ggtzoof Bl ock Copol ymer D. The bl end was
15

Example 26.

Example 26 was a blend containing 25 % by weight of ESI # H and
75 % by weight of Block Copolymer D. The blend was prepared
essentially as for Example 20.

20
The properties of the various blends are summarized in Table 4.

These data illustrate that as the mole % styrene content of the ESI
component of the blend increases then the % stress relaxation also
increases. These data also illustrate that below approximately 22 mol
25 % styrene content of the ESI component of the blend, as the styrene
content of the ESI component of the blend decreases the Ultimate
tensile value increases, whereas above approximately 22 mol % styrene
content of the ESI component of the blend, as the styrene content of
the ESI component of the blend increases, the Ultimate tensile value
30 increases
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essentially as for Exanple 20. Exanple 22. 30 Exanpl e 22 was a

bl end cont & % by weight of ESI # G and 25 % by wei gh

Copol yrer g&%%ﬁsend was prepared essentially as for Exanp*"g%%g@g% WO
98/ 16582 PCT/ US97/ 18773
Exanpl e 23. Exanple 23 was a bl end containing 50 % by weight of ESI # G and
50 % by wei ght of Bl ock Copolyner D. The bl end was prepared essentially as
for Exanple 20. 5 Exanple 24. Exanple 24 was a bl end containing 25 % by

wei ght of ESI # G and 75 % by wei ght of Bl ock Copol yner D. The bl end was
prepared essentially as for Exanple 20. 10 Exanple 25. Exanple 25 was a

bl end containing 75 % by weight of ESI # H and 25 % by wei ght of Bl ock
Copol ynmer D. The bl end was prepared essentially as for Exanple 20. Exanple
26. Exanple 26 was a blend containing 25 % by weight of ESI # H and 75 % by

wei ght of Bl ock Copol yner D. The bl end was prepared essentially as.for
Exanpl e 20. 20 The properties of the various blends are summari zed in Table

4. These data illustrate that as the nole % styrene content of the ESI
conponent of the blend increases then the % stress rel axation al so-
i ncreases. These data also illustrate that bel ow approximately 22 nol 25
% styrene content of the ESI conponent of the blend, as the styrene. content
of the ESI component of the bl gmd-dgcrepsestherdH+ate—tensil e val ue
i ncreases, whereas above approp ngt ¢l y p2 | {9qstyreye|cpntent of the ESI
conmponent of the blend, as thelSstyr¢ne content| (& hFESSI glonponent of the
. . o . -l —
bl end i ncreases, the Utimte nsiliel val ue
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PCT/ US97/ 1 | WD 98/ 16582

PCT/ US97/ 1%%”{%&{] 41935A WHAT IS CLAIMED I S: 1 PCTmsmlf‘mA

t hernopl astic el astoneric blend conposition 2 consisting of: 3

(A from99 to 1 weight percent of a styrenic 4 block copolyner; and 5
(B) fromlto 99 weight percent of a substantially 6 randominterpolyner
of (1) at |east one aliphatic a-olefin and (2) at 7 |east one vinylidene
aromatic nmononer or (3) a conbination of at |east 8 one vinylidene aromatic
nmononmer and at | east one hindered aliphatic 9 vinylidene nononer, wherein
said vinylidene aromatic nononer is 10 present in an anmount of fromO.5 to
15 nole percent or from17 to 65 11 nole percent in said interpolyner. 12
1 2. The conposition of Claim1 wherein the el astomer bl ock
2 copol ynmer conponent (A) conprises at | east one segnent of a styrene 3

pol ymer and at | east one segnent{ ef |t he| flol lJowW g sopr €nk |pol yner, 4
but adi ene pol yner, isoprene/buta&hsrg't ol imgr |2 et ylkened ot yl ene 5
copol ymer or an et hyl ene/ propyl e@e‘ﬁc‘ﬁﬁ) Rer|; land|etPEWREE[(B) is an 6
i nterpol yner of ethylene/styreng. &l 3l | The kgnposition of
Caim1 wherein the styrenic bldgk 2 ¢opql yrferj ¢ohpprient | (JA)) conprises a
pol ystyr ene- pol yi sopr ene- Ss Cl~l2e R R R N L Ll o
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3 polystyrene or pol ystyrene-pol ybut adi ene-pol ystyrene; and conponent 4 (B)

Is an int r of ethyl 1

conposi ti W@%@ai m 1 V\hergm;}ﬁml’ﬂ u bl ock 2 copol yfr%g@g%%%snt (A

contains from10 to 35 weig Ystyrenic pol ymer segnents and

from90 to 65 weight percent of 4 elastoneric saturated ol efin pol yner

segnents, based on the total 5 weight of the bl ock copolyner. 1

5. The conposition of Claim1l wherein the styrenic block 2 copol yner

conponent ( WHAOIStGIANEDIRM 10 to 35 wei ght percent of 3 styrenic pol yner

segnents,and from 90 10 6 MRIL-A&S1aB81E N bsOmeti 8/ AhANEIEs HNRAL Ur at ed

pol ydi eng segments based on the total weight 5 of the block copol yner. 36

WD 98/ 16582 COMPrising:

PCT/ US972 18773 1 (R)  6fromh@® denpotiighbrrastety Hifnk IstMrenes n

conponens ( Bloflasopolymeleadnaof fusion of less than 50 J/g. 1

7. The gonposition of claim5S hgyhg & ggr‘geq%ttﬁg}%,l,@.o% .§§tin"ife£l%lnséiég
aze

percent el ongatjon of 15 percent. or |es nd a 3 transy ssion perce

of 60 pe?ceﬁ? E)lr) Fésée?éi % épki‘FaYllﬁe“'b‘%F%b“ f“doé)aiaﬁeioga&ﬁ B0 Y At 9Pk
sanple. 1 aromatic monomeg oA (Bhby icombinktarniaf] et nedetforenvimelicenpositi on
of 2 8 aromatic Aértmlk landlat least one hinddted/elfiphbtiatedynildenel € made
from t hescom&ﬁﬁ trl, O%e%feig said yinylidene _agpt@él@czmor;]omer is present inlgi A .
fabricated article e Tromthe ‘conposition of 2 Claim
3. 1 1 amount ofiromalt3fo; &%t“é’gea?etric&f“é HFadEot Hdnte 1fe BIHHESFETUN 1BF 2

Cl ai m 4.111 said interpolymet? A fabricated article nade fromthe conposition

of 2 12 Claimb5. 1 13. A fabricated article
made fromthe conposition of 2 Claimé6. 1

14. A fabricated article nade fromthe conposition of 2

Caim7.1 2. The composition of Claim 1 wherein the elastomer block

2 copolymer component (A) comprises at least one segment of a styrene
polymer and at least one segment of the following: isoprene polymer,

3

4 butadiene polymer, isoprene/butadiene copolymer, ethylene/butylene

5 copolymer or an ethylene/propylene copolymer; and component (B) is an
6

interpolymer of ethylene/styrene.

1 3. The composition of Claim 1 wherein the styrenic block
2 copolymer component (A) .comprises a polystyrene-polyisoprene-

3 polystyrene or polystyrene-polybutadiene-polystyrene; and component

4 (B) is an interpolymer of ethylene/styrene.

L]

1 4. The composition of Claim 1 wherein the styrenic block
2 copolymer component (A) contains from 10 to 35 weight percent of

3 styrenic polymer segments and from 90 to 65 weight percent of

4 elastomeric saturated olefin polymer segments, based on the total

5 weight of the block copolymer.

-

5. The composition of Claim 1 wherein the styrenic block

2 copolymer component (A) contains from 10 to 35 weight percent of
3 styrenic polymer segments and from 90 to 65 weight percent of
4 elastomeric unsaturated polydiene segments, based on the total weight
5 of the block copolymer.
1
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6. The composition of Claim 1 wherein component (B) has a
heat of fusion of less than 50 J/g.

7. The composition of claim 5 having a percent tensile
set after 150 percent elongation of 15 percent or less and a
transmission percent haze of 60 percent or less said haze value being
obtained on 0.94 mm thick sample.

8. A fabricated article made from the composition of
Claim 1.

9. A fabricated article made from the composition of
Claim 2.

10. A fabricated article made from the composition of
Claim 3.

11. A fabricated article made from the composition of
Claim 4.

12. A fabricated article made from the composition of
Claim 5.

13. A fabricated article made from the composition of
Claim 6.

14. A fabricated article made from the composition of
Claim 7.
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