WO 2008/ 144120PCT/ US2008/ 059437 ETHYLENE ELASTOVER COMPCSI TIONS FI ELD OF
THE | NVENTI ON 100011This invention relates to ethyl ene el astoner

conposi tions. ?fCUND OF THE | NVENTI ON 100021Et hyl r
conpositions Wyﬁ&@gﬁly contain ethyl ene, an al pha- oleflﬁggﬁgﬁﬁééggfopylene
and a third conponent, such as a diene, to facilitate vul cani zation. The

choice of the third conpongni g ﬁfgﬁdﬂqﬁi&ﬂmlﬁﬁﬁgature of branching
reactions and the resultant .u. pol ymer. For
exanpl e, when ethylidene norbornene 10 (ENB) is used as the diene, as is
frequently t S ranching through the diene is facilitated
t hrough cati oft i) .ﬁhéggiu@pgns in Ziegler-Natta (Z-N) pol yneri zation,
wher eas this [po@nchimg ifeahianicRes icetil®ine prag&santcompbdditidiet al | ocene cat al ysts.
The | ack of branching found with netall ocene-catal yzed pol yneri zati on of

ENB is due t BAORGROIEVE O FOTHEEMVENAEONi ty in Z-N catal yst systens that

| eads to cati of the endent do
nol ecul e. dggkﬁheﬂyﬁg %mﬁpgﬁ1§>lgﬂgﬂw§§ﬂ WFWVPnﬁgﬁgghé E@%fhgﬂam@|ny|
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Pontiont | diubIENEbiscecd FUE ire: Bof FRerTbaoR boRaotE P Th A ehde e
excessi ve a\r;ﬁg T cslit@bd lﬂfr&IgQMaﬂgnlar@ﬁngﬁg rg@hmet mo?eg,l?&huata et-Ry |p6@€he|ﬂiaﬁ8ﬂi oners
cont ai nin are ge nt hesi zed usin i egl er- a cata
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chain br anchivaghchhg €dind With htaedcpé- Uital§&ﬂ pRlyaReSSiabbl EX is dRYo tRWedendDoft he
cure rate and degree of curing duri subsequent proceSS|ng of the polyner.
There is t herl&PEYIRy dh el e4myst Sﬁ%t“é?se%‘ft lpggls dpeatiepipicAypige of the pendent double
net al | ocene- Q@h@kmmeqam@hmmEszatlon process that mnll aIIOM/the producti on
of ethyl ene el astoners using dienes, such as DVB and VNB, wi thout, or with

reduced, gel [9¥PBhmt iWitn othshdignsemehpy §ving Renzese (IBYBb?TIS‘p‘S}‘PYéﬁ%¢%‘E‘ﬁ‘VI &)
copol yners hawe,@aNpeQFreEs & e qhloRBHdnhd el MIB el S8 merst Be 28y p¥OigRt of
et hyl ene-derived units and 95 to 75% by wei ght of propyl ene-derived units
and t hat contfisayenilg sxhibit rremweémr@ﬁeb»seaméheéen%ﬁrvalﬁgrﬁzacﬂﬁ% chraeetgptigy and

particul ar typeaQfity LAk os erRss- m& Witk perbRRSE ERROIYMRLES MAUESmSRANAAN
attractive balance of flexural mpdulus, tensile strength and el asticity and

shoul d_priduc#alyzsinelynsrigaiopreth digaes, Sp0sIs IR 20bENBUSP DR DS DA pendent
conposi ti ons gyhgn b@%bfnfbe%c"\f)cﬁ}hn@ GHeRRGe Sycfgh@-sany'\l@ads HVEXEKive tdMunts of

nmet al | ocene catal ysts used in the synthesis of these copokégers are known
to be potent barhipg aerhedr ©rpatiophellppegibriers Ppstemeheeniypian N8B Beesrdyso it
woul d be desi I@@see& QsﬁgﬁzegepN@ﬁaozsa%ﬁ%s fqe\tvcm qﬁ@@ébmﬂ%@%@ﬁ%ﬁu Sypisall
conposi tions ase these propélene et hyl ene copol %ners in he
probl em of gé&dtaif @ highdgvehofilepesbein taaehing whithhiviilg elpfuf eeewebem érrwlcr\\ber
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transition f A up 4
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i ndependent | yjtheiteor sethaedueddl, gel dormat@®. - | - PR -, cycl opent adi enyl and
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135 and 1050 .
ExenpllflednetalIocenecatalyst5|ncludeethyldllndenyIZ|rconlundlchlorlde
20di cycl opent adi enyl zi r coni um

di chl ori de, anddi cycl opent adi enyl di net hyl silyl-t-butyl am notitanium

di chl oride. [0006] US Patent No. 6,207,756 discloses a nethod of meking an
intimate dispersion having a semcrystalline plastic (SP) conponent and an
anor phous el astoner (AE) conponent, wherein the nmethod conprises: a)
feeding solvent and a first set of nononers in 25 predeterm ned proportions
to a flrst reactor b) addlng a soluble netallocene catalyst to sald flrst
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5second pol yner are inconpatible and forma tw phase m xture. Suitable
net al | ocene catal ysts include bridged bisindenyl conpounds sel ected
fromp, - (CH3) ( 1)2|\/(Cl)2 .t-(CH 3)2S i (i ndenyl)
[ 1- (CH3) 2Si (tzve%'!torzg@gd‘r 0i ndeny1) 21\ 4( C1) 2, Pl a7
u (CH3) 2Si (tet rahydr oi ndenyl) 2M CH1) 2,

.1 -(CH3) 2Si ( I 2 d
1 (C6Hb) 2Si (|gn &%%QXH%% g‘:gn %l%é\@%osﬁowe? erlbtr’[ne metﬁllocﬁrﬁe %:a(t)al st ng
of Zr, Hf, nld;edl' im thh&@ﬁfhiﬂl,!SoPdtewtopbbmeﬁ 84 %98 tabs phsesel quafrmtdfmdn tife
maki ng a copol ner t| on r| s feed| ng
afirst set of bertme © (??nef SXCh \?&r En nd’vr?édrdéglan?ﬁ’lmbq eéVr‘? Op & p'%?)%?f 11 ed
proportions tmocalcfngreﬁitstomeﬂtdrmm&umsfﬂamﬂ muheseeﬂoﬁywnk/emelam mpply(nbﬁs iacdhidhg a
rretallocense ttaI 1£f g‘ tor g%operatingthefirst react or
to pol ynerize CITB f’lﬂg £ %rfnaéoe’tNSIf“ 6%?@% produce an effl uent
containing a [i)0051;t dm)BdtWo 6,02h) 84bekxdiony atphecaf bl pregiiingh lige), Homogers@gond
cont i nuous fI react or; cond set of | east
Do di 11 or ent- MSOABPESROUSH FOFVRH 5t Bhartronar ¢ e R SEba e A and
optional | y addiigaratruc@hMemiula:and (0 operating the second reactor to
pol ynmeri ze the second set of nononers tq{pr oduce a second copol yner,
wherein the nononers of the first and cond,5et 20 of nononers are
sel ected fromthe group consisting of hyl,e/ne hi gher al pha-ol efins and
non- conj ugat ed di enes and wherein thel rmno r proportions in the first
reactor and the second reactor are controllijed so that the first copol yner
has 0 to 85 wt % ethyl ene, the second copolyer has O to 85 wt ethyl ene,
and the copol yner blend has 6 to 85 w % et hyl ene; and wherein 50-100 wt %
of the toltlal véwmimM isf t@aii@dwrsfctalasdkdetdd fromahd goemeinsistng of Gro® Adadrotp 4t he

first reactor, d

- (o) o6 (Iaahy o PE B MR FeiB) SRRl K Ryt ety
[ adamant yl anmifdo] -NR'{(, GH3), 2yclemutagignyl and substituted cyclopentadienyl groups bound in an K
(C6H5) 2Si [ cygl ny!l ren . 000 S Pat.ent

6. 806, 336 deg’clﬁmﬁge%gé & % d] 1[netal$M whgleln leg_pgrle orfr‘éLr Ignzc?%' 15 éltCP{ElP%emalél%nwopyl ene
and di ene ha\subsgtutGaWygqtcymmﬂ gbiue, \dmnstmh ¥ lbomdstyvdalccthd frompﬁhRSesCRzA) and -
reacting jsn first st pra ptionglly, o nor e
di enes to pr gdﬁdcéeRa pol VT %{{ engﬁnﬁgn 5 bagcl’tld;?rl’? ?\?'(?n%eél t'?ky ptsnlg[

nmol % of di erhelogramtﬂg alky\b hpkolgmdlazﬂbhmi dmuinbe tlmmdswhamn thes pﬂflﬁﬁ;ﬁnfmnof a
i gher a phadol Gr1 1% SR aRbA Nl el SRR PG EUA: FHEPRSRLERER ¢ ne
presence of bfdfrmcebartreha:atcaall )csmtcxsy&txem tvtd’lé; armunmgaxfds \i$ rbyﬂwcaorlbﬁ)raneriesadded

in the secon ein 50% a I | ene add n.the
first and se%o%%pqg}eg %ﬁgoﬁ%e Cﬁ%&’”@) ?%@S%er?t%&é{% poOf Y Br oglféftmﬂ%\w ng
fromO0. 1200 ﬁlcﬁclmhta%ﬁbﬂmtbﬂmbﬁx ddichede, f r e vidiyytlopaeddanyidnetgndyla-tuetial of
no nore than 5. Bf% e derived units, from50 to 90 nol % et hyl ene

deri ved uni t§lf1m8thm§m SSMREE of propyl ene derived units. [0009]US Pat ent
No. 7,135, 53poodsiscl usemitaat pol yammsr dichists H\Ilnleﬁ’m)d(‘rﬁn‘mfkir%@& linﬁmé)t@n‘ﬁ)jp&&bh on:

a) from50t 90 nol % of th grlved units; J[ @é%of
vi nyl nor bor HENE (avr\%}lc‘éi%? %d’ aﬁtr‘ﬁt ) E9MRONEY) a%én ?m‘HP*Q’Here%?Qﬁﬁé f
derived unit somhherd, Wiicadie feng:thoadexpafes: gy eatap séiban akl # firsegdtofhordimeaih i onal
anount ofseth |dl dene nor bor nene éENB de |v d uni Eug but ess t han t he
amount of> VNE® T‘?fﬁlift?}’lpﬁ‘ipéﬁﬁai fooht 1St UnD) BEicarPEm OCertd%’?td%‘Be}o

di scl oses anfigt aatoNR) polgRRfiiisd 0E: firfiakt Pr MPYIneRe it do YRjdue dmefliicr@nount

of at least 60 w. % _based on the copbi ned weight of co nts b)
and (c): (b) CRVEHEE HEF PRIt fecding tgbefﬁmf‘umawmr?ﬁ%%g%&%gaé?COf@&ﬁm 0.3
to 10 Wt % be&etbnis theregxhine Groitdhi (h scRIPoanent vithaiptiok) ad@ifigha C) ;
and (c) et hqu‘i)éﬁ?l der|ved units |n an anount of at | east 6 wt 9%  based on

t he combi ned® ARd grtalehnpidnie oy mesying () seoodgset @ mogprastsiih seIHEP eI EE omrer
has isotagti ﬁrewﬁ&e\’mt@@ﬂfsﬁﬂﬁyﬁ&y@%ﬂJd{Jéeﬂi {e¥onddpolRdd iwhgreROI INthdirsRE se@H@! to
or less than 110 C, and a heat of fusion of from5 J/g to 50 J/g. [0011]1In
our co-pending, now i ssued US Patent No. ,7,511, 106, we have described a
process for producing an ethyl ene el astoner w thout the production of gel
using VNB as the diene and a specific netall ocene catal yst system
conprising a bridged bis-indenyl transitional netal conpound and a

non- coordi nati ng ani on (NCA) activator. The bridged bis-indenyl
transitional nmetal conpound conprises a cycl opentadi enyl (Cp) conplex
having two ring systens for |igands; wherein these Cp conpl exes have the
general fornula: (Cpl R nm)R3(cp2R2p) nxq; wherein Cpl of ligand (CplRlm
and Cp2 of ligand (Cp2R2p) are the sane, RI and R2 each is, independently,
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5 organonetal | oid or hal ocarbyl -substituted organonetal |l oid group

contai ning up to about 20 carbon atons; provided that two X groups may be
joined and b e metal atomto form a net al | acycly ai ni ng
f rom about 3 qu%gﬁ%ﬂbo carbon atons; or two X groups tggéFﬂ%?&ggh be an
olefin, diolefin or aryne |igand. [0014]Cbnven|ently, each Rl and R2
substituent i ) S|t i
associated in en ﬁgl(:oglﬁ}:soalgg\%b% fpo%lth% gPd%R§¥hBFeH§ ﬁ)hd %%gﬁ’ f%})l 18y aféer%itcféne ze)ach
R1 and subst |ergexﬁtthq SVOanWUhTD(BaHmbS'R hgrieup mefng poas g@metﬂa,ylw?ﬁ ﬁc)hlemythex
group. [0015] n ) dgi, rou ' QuRp,..13
T 5, L or TSR At Yapalfel Sicf 25 08 SR ALRLRTRINE} Pl Bl Sk
-CR42-, and &fEM@4E§@@Fmﬂﬂ@@manMneaehhﬁmo2wm@b@emﬂentﬂym,msi@eh@ﬁmederom
hydr ogen, Ik I si |yl geneated a hal .ogenat. and
m xtures t er%o dlﬁ%@iéf&bﬁv%% Q%F ? %al 5?’ %%% I%Hg ng %ﬁ?oczﬁémam
cat al yst conpeuhdtsaehpr bsésd atsindegs tonqmendsfsclcctcd from p-(CHs),Si(indenyl),M(Cl),,
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one enbodi nent-(CH:h8i(eaitglypsidesysMarhigonpri ses a further netal | ocene

b5 br 6t raRGRTOReay Aty T o et o e APyl rs B ae

metal atorg 2bemedn fEubs tlotipientistgig@li@r, $ifj sd Ti.ndependent |y, a hydrocar byl ,

Pvorocar by - JHHEDT T R bl Lty SR SR Db end v

or ganonet al | leﬂnordp(ﬂjdbcﬁtzhtﬁdﬁtoedlpbﬁﬁg)f@a) fetidgglhasirbttsed oFdt st G&(O@ﬁﬁpnt&htbﬁtnlcfsm ed
WO 2008/144120PCT/ SZOO8/O(ﬁE§ chal cogen or halo%%g)radi rOVI3§d
that two adj 88RO YrBpLr PFOEPIELS t%° 1'6Y 9™ “C2EF| t 60“&

saturated or adfisat ticallean® iy 6 the fitst gasek; (c) obé}a@u&sﬁm Rictorvo pélemeiRs t he

car bon at he cycl opent adi e Ich the substitue i s _bonded
and wher € hé‘?efllrétaﬁt én%%“t“bpff’g%/?? agﬁﬂg‘t@‘i“tcﬁ‘étﬁlf@g agITst GRPGyRer: @ Peedmg the
Scycl opent adleﬁﬂbéht JFi(6)3o a 8aoRd Sdnkislidul AEWIsti@EOtik DactdrS(e) FoasiepeRetond by of @

hydr ocar byl , substituted-hy drocar§¥l hal ocar byl , substi t ut ed- halocarbyl
hydr ocar byl - st et srgamedt sifralic prﬂ%ﬂ%ﬁ%%%ﬂ@&@ FHtPeend optionally

organonet al | eiidliodi seibhsk;i indt @doRedtian , thdl k&Y tdabtbit &)dpcﬂﬁh&'iz@g% sccdbd §dti drut ed
chal cogen or hal ogen radical, provided that. two adjacent roups my

joined to forANgMess oy fp ce:zecw%opptyﬂm VECIgingtye HP'& RS ot %ﬁ@ %S&%Oé@ &
pol ycycl i | iogaddom&yRgCHipld fom BERSBSohfRing JF RMYIcAL, HBHeN albRELIEfiddOgny |
ring to which the substjtuent is bonded and ere there can be zero to
seven subst i fgEREuseigd digss e WhETEg Bh ronpiergproRardena i dhealist ragPhandghsup;

and each of &&oﬁﬂ@mﬁgrh&<%nﬁ&BﬁCMQh9Hﬁ@ﬁ@ﬂb@ﬂ%ﬁmﬁHﬁaodo%ﬁdw » ethylene, the
i ndependently, a hydrocarbyt, oxyhydrocar byl , hal oc

hydr ocar byt - $¢f884 Panglya: Bm%ﬁb%ﬁe%% BihHenco 2Yhi{a caply By %@Sévr fue &g wt %

OrganonetaIIQQO@{ah@km&@&bmtm@ugs%u#w&ﬁgmp&gan@69&@&&@@@&@&9@@r&@ﬁ%@%nlng
up to about 20 carbon atons; provided that X1 and X2 hm oi ne

bound t o 2Phe 2fsdaP e ditt after mouitabEt Brtelesprs satalypig i a&lwéﬁ‘ llrhjzSﬂ(frnzsiﬁlilyé)@out 3
to about 20 emf 12; t(@m@f lortc&s%leamy emgr%h}hfr[ac&al@mp@mﬁ!a 1 Oh@TH 5, afld Qlcfin
or aryne Ilgand 0[0 I N anot hér e&%o di men t he catal yst system

conpri ses yetCdlskRifeyplepentpdicaylilfewnwy E@l st conpound havi ng the general
formul a: (1 ngou)l N4 N'pSiehs NWG%B% fachvfa ﬂr%s%@s&lﬁﬁn'p’él;@(&nk‘iﬂ? Qtlﬂ?ltshé uted
the indenyl ring; Y is a bridging group, such he nuriber o ons in
the direct ch@pHetremgdisne hayang|twg pplygartblgrigultipbonds which gemerises A reagtirgin M j s
a transi tSbondrfﬁ&asltepf crtﬁ);mln@’ ﬁldPylghc hd (%tlgﬂallg o(ﬁE otr hﬁorg) %feh&dﬂocpr?_(ﬁx% 8 ﬁ%i rﬁel?e

El ements, or an actini'de or nt hani I, nis equal to t'he 'val ence
of M minus 2empesgorgemprkitgsiiem foie- @ycth@pém%c% ehyliens heparm tvenpplynggrizable

i ndependent | r ' y

nydr ocar byl - SebE PN 2R ey TG Qe AR SR B raiue e agrond

or ganonet al | @ipmctbylcr‘rvahl@bqrdWH-Ongpm@md agy @arnmvemamhgwmlgmwpne@@m @b ni ng
up to about 20 carbon atons; provided that two X groups may be joined and
bound to the metal atomto forma netallacycle ring containing from about
303 to about 20 carbon atons; or two X groups together can be an ol efin,
diolefin or aryne ligand. WD 2008/ 144120PCT/ US2008/ 059437 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0019] As used herein, the nunbering schene
for the Periodic Table G oups is the new notation as set out in CHEM CAL
AND ENG NEERI NG NEW5, 63(5), 27 (1985). 100201The present invention

provi des a process for producing an el astoner conposition 5 by

copol yneri zing ethylene with at |east one al pha olefin and at |east one
dlene |n the presence of a partlcular netallocene catalyst systen1that
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product and catastrophic plugging of the reactor and down stream equi pnment.
Mononmers [0021]In addition to ethylene, the nononers enployed in the
present process include at | east one al pha olefin and at | east one diene so
that the resultant polynmer is unsaturated and 15 capable of being cured.
Conveniently, the al pha olefin conprises one or nore C3 to C8 al pha

ol efins, pusdncasfpliopyhensalgst fystcanehe hypustadfl yinyr opyoraoe: added iditeneedodd
convenient|y sel ected fromthe group Qonsii%%ng of ;. 1, 4-hexadi ene, 1,6

oct adi eneSteB bEBEHYre than e a09Tthe total diengipddedn]) the figst gpd sefosfestep combined;

di cycl ope i 4p:XolA VAR §n (V]
ethyliden%kﬂg?%%%gﬁggggkgpaﬂgﬁg con%?ﬁggﬁg%%Q¥ Efggﬁﬁggé%gﬁgﬁé%&%hﬁgfh%%

[ 0022] | nvisphmorbarness aridt a gl olff @o des thatnl Sembb%i diemcedesred uhits)froom Al 80 mol
unsaturatjon al ong the polynmer chain including. ENB as well as VNB in the
ononer - roaBRETe dasher 4Ry 0T b bF R o Ropche ClEb Ty from about 0.5 {0
about 10 EWOQPENEH(hﬁﬁﬁﬁ‘NG.Wﬂ@s%@@ahmMﬁkﬂhé<&ﬂwh&epﬂRﬁ@ﬂﬁMﬁH&%%Hgﬁ%eé%n
added to the reactor. Process for Producing the Elastoner 25[0023] Any
known pol sanebingtami eh fpmoge & ool e ofistylang deriveidioeits; e frme ddnto 2 hend Vo wér

conposition., Sujtabl e rization t hods i.ncl ud i gh.pressure,. slurry,
Gas” hul kg RIBH AR AT AR AT G TGS of Pt Al Mo aR EREH Grisdi b

t her eof Shrandhiid Yndek s @eAtyimeahz@yi &l epadliobtions aaicinhof celydidehd n6@Bideat | ed
but generally include a tenperature range of about 20 to about 200 C, a
pressure G eds gnitsobu st thapgboapent CANNR- 350 to 3014000 kPa) and

resi denc i o] b . INput . i i i's
conduct eq P ST ne TuBARMbnd e Biciol il B ROl I8 Aok Sl Fb R
met al | ocermenmsin: (s) popyieacHddriedid uaitan on ac @arcdinh af ian deaan 6O NViALY, ibasdéddbn thée

t | t et al | t al d i i.nd I (1 .
corp! ox HEPTHE NEETYE DOTBM Y & BE P55 66 GBwasT G R ABHAT AT i
(In R, ")@é %ﬁawmgi 0WNEN8Ik $6NBasll Rk cdRhbihed a«e%ﬂ'@%f EdHEMenf(a) 6), and

indenyl ring In' and the or each R2 is a substitue of the indenyl Ting
| n2, eacHcRandnd) ®hyless-demdelpentdantanygmaeunh af egkeastar wa %,5bdsgdl po dlar byhbined

hal ocar byl .. hydrocar byl - subst{tut.ed organonetalloid aor . .

nal ocar byt g T TR g b bl 51 BAGPBL® Coistoatsr ey iepiasls Reforrpryigne
carbon at@y@allifing BeltPasoifng BECosquRR (S Rk tHa8NE1 0 &, RAAGERed: Of tik§on of
2-position or the 4-position of its associated indenyl ring; mis 1to 6; p
is 1 to 6romRd Jigtod0le.dgi ng group, such that the nunmber of atons in the

di rect chahybet Jn1R1 . d e ligand.is 1 to0 8, M
is atr angﬂll]on p@%lcg- r%%(%ﬁlg’ fBWdf%g%{}g ,P%%,nt t’s‘;‘]’o?’g gp(?)(#%z 1%%‘ aﬁ%%isgl |e§ PABIE of

t he El endot gpdwingaam ctlgtiénaictietoater Wathdhaln reduvebabfl gl asm@aNNB & the diksr atdlay i n

its highest .oxidation state; is equal to.the valence of . M mnus 2; and
each X1 SpeqifirapBHerat Py SV SRRMYTE o Bdery A desmsy Fansiun e ity |

hydr ocar kyhpulstdntl 4t d-cosdaReneindd QICh) RKydiyd rmaﬁilaFéc_r tsistpRiehyl daBetional
organonetal | oid or hal ocar byl substituted organonetalloid_group cantaining
up to abdftlsempaEdsempisate cyplopeAtafaenyt () compler Bawng MRS sYa¥mBECT o ned

and boung;ghQist WRerBRtRdse @HBMpRxEMNE theBeh&hil BAYALQCH I FORAPRE NIRG from
about 3 t% agoutméotcgﬁb%n a?oﬁs;abr f%% X roupsqtggeﬁ%egﬂgaﬁﬂgggan

ol efin, dyhsrest Cn' oiligand e RingandiCrafdigprdikpiRG) drathersemet Mamnd ®ichehXsi s not a

cach R SRipReizd Ry Ay BN ARE MBI ity SRR eAY, o,
phenyl goobgpcaand-silstiboabegartometdhleidrpgsiantabmngup tohbodt-IPasition@atonof mi it ¢

5 e pac a3 i BTRYSA odeidon Ty SRR arepr fie o of '
| ) g o Sty o ARG CorkimAEkod) and
bi si ndgnfhto e%g%ﬁadggfz@%ﬁé%i% U%Fgg‘f’w,s“%thﬁ%t[’%mﬁﬂ’f‘d@if AT dirdet

cont ai Ni BEhiRb&AVRsIPthd Bwo dandd R, 1 118, AOis@l@ARNEN ABE] RAidd Lu@ké ¥f R 8lisBENt
sel ected fromboron, sulfur, oxygen, nitrogen, phosphorus, carbon, silicon,

ger mani uffiPargiouet.Snpubef the perindicigble of teslenRatsiagd deindis highestosidati o | -
CRA2-, and - CR42-CR42-; wherein R4, independently, is selected from

hydr ogen, al kyl, aryl, silyl, hal ogenated al kyl, hal ogenated aryl, and

m xtures thereof. Typically R3is -Si(C H3)2. 30[0027]1n one enbodi nent,

t he conpound of fornula (1) conprises at |east one of rac- and

(di nmet hyl silyl)bis(2-nmethyl-4-phenylindenyl)zirconiundi nmet hyl rac-

(di met hyl silyl) bi s(2-met hyl-4-phenyli ndenyphaf ni um di net hyl. [0028]In
addition to the netal |l ocene conpound of fornula (1), the catal yst system
WO 2008/ 144120PCT/ US2008/ 059437 enpl oyed in the present process
conveniently conprises at |east one further nmetall ocene catal yst conpound

o o s —m—— - o ~



10chal cogen or hal ogen radical, provided that two adjacent S groups may
joined to forma C4 to C20 ring to give a saturated or unsaturated

pol ycyclic |igg subscript "v" denotes the carbon h
cyclopentadlenylat?%gﬁto whi ch the substituent is bonded)%fartﬁ'g}o9 %%ggthere
can be zero to four substituents, S, on the cycl opentadienyl ring; 15each
substituent g .S' 1S e

substi t ut ed- H%’ géi?%@ffm %ﬁﬁ%ﬁ?%ypha%ngﬁﬂ? qéﬁﬁﬁigﬁo %g??ﬂWLhﬂmmﬂWh
hydr ocar byl - shyldstcarb)dtsebbtlon@anmectradtﬂmcd oxyhydvacarbylssubstbisted targadmetalloid or

or ganonet al | i subst te 0 ubstltuted
chal cogen oqu%lCarg nﬂgg t&PrngE%@@g dg?ﬁg?ﬁlmkg ghcedﬁhégﬁ)na% naﬂ
joined to forlmcaua@cﬂo the @ROcar ofnlgl thowg Ry examplas of atttedledranmmmataatc&nboundb
polycycllc I| l; denotes the car on at.omon.the. f.l uarenyl
ring to whi ch (? (g su ?n?? Fécms'ﬁbmC Yo nE e TSR n]ﬁc%aely%rgwgcrtg
seven substi taeotisn Saﬂmun mhgkhﬂuommdyWDrdmguw&ndnmunSma thrir dgifirigm gandup;
and each of X%almn %t'%h i ndependently, a hydrocarbyl, oxyhydrocarbyl,

hal ocar byl , hyd/'6e&rby 2 $ubstit uted or ganonetal | oi d,

oxyhydr ocar bylpeRubstActatiad tortganoamtoal itdiad notv bah deakibyiht- gel Zon@tibistd that ed
organonetal |l oi d u ontaining u about 20 carb ravi ded t hat
% %and xe may it el GRS B e P A B T aE oM T & F oPnrie RevEYTRdy of o
ri ng cont®i niwggfarmdmlpbaigtcatdlybteystbaubmpisigad poticudd ORtguddsudktitidd 8iRdndéyl

t oget her can be .an efin, diolcfin or OPCT/ US2Q08/ 059437
aryne I|gandt“ﬁﬂ@”ﬁf?ﬁ”ﬁﬁngHWVﬁgF‘B?89?§[QFﬁﬁPmﬂzﬁéﬁe?xWﬂD%ZawﬂﬁeWghﬁot a
substituted QMuuﬂ&gb&hmﬂMM£ﬁcgmdhmpenfadkﬁnyhaibﬂ@mﬂhﬂﬁa&ﬁmﬁyﬂmﬁhkhﬁagly
substi t ut ed” jn rel atlﬁn to 1 B gands in forngl% sllédiﬁ defined t

mean that thé ecifértldﬁéﬁ G H‘Wenrei”r‘f Lripat deGHRE PPRYE R 3lsa alows E‘&Eﬁltl ons
and/ or 3 and dkne Joapings bd conspavddt ithSthgscontPallyhpdssidle eviaf zegxema&iarmtae}lbm ah the
same sterjic byl k. Typ%callé tEe i ze of these S grdgpﬁ mnthln gerbons
of each other" S Bt el PR SIGh LT By olting Faslyt ShYETY fiy

posi tions wi trkain®t Syh V@Bldthétclﬁbﬂlystr @ﬁﬁﬁgtshb@eﬂnyat a@lousbl BB 1 kdcuh® Baltiohd1@ncdaland
the 4 positions wth nﬁby and Oﬁ? rescf tively mnul e consi der ed
symmetric. LiRBATEE videlSdpergde Fastis C%?‘ BoeE PhStyicne sgstapery) |
four sites wibktdu® FiOURS r@ﬁ%nﬁ&nﬁ@ﬂﬁﬂc@%&mﬁusﬂﬁn Wmdléoqqnaﬁnltd)lﬂﬁao@eit gach of
the symetrical, pairs are of simlar steric bulk. Additional

adj acent S gPEIHET jith e pacsancg g V@j%oéﬁt“ﬁdﬁ th‘éff"“ﬁé’fltkicrﬂ’é’@cfatatﬁtﬁ %Pnaéto‘f“? £
provi ded 2ohatodth@oMENS dhbBrdnShidd §@r & Wid¥ehdge Gah MhesUbsdl bt €d.

[0030] Typically, if present, each S is independently chosen such that the
met al | ocene SUMMMMOF&S{EIWWH@# symmetry containing the netal center
and bisecting the Flu- %’E Cp-rings. The A |ligand need .not be

symet rical 1943k es%a% &. t RYAnEPY ﬁblftsf» frett RiPepheRY PEdugine 1 Flastgseer
affect the St@h@REBEMHS ploces bRGride): XBREcHRE AMIEE: 5)BREALSBriGhg bh&adiost ant
pl acement of the S substltuents on the fluorcnyl ring, these substitutents

need not be &WRHRERS cyrlyy ormeey yi tn@an&@wewnnnnnﬁtlwgnw at jgnomer

fluorenybsri Rgki8Yorlgrississtyldnbt £ taWohOalpiu-§16fin] as$dabilone Blehe: thdtein @y doe t he
same or dlfferent 20[ 00311Conveniently, A is a bridging group contalnlng a
Group 13, lalcasgpne dtetatlecetee%mst SOTEPQYAT tPEpissy [2) iadend) diverimpde) kevtngdthe r om
boron, sul fugenedxy&ﬁﬂla Rint K'QEEN’RANOISRNQL&SIn B &LPRRH ﬁi kg &@ﬁbmﬁ@tﬂmﬂﬂhym and
sel enium In_one enbodi ment, Ais selected from-Si R42-, - CR42-

CRA2- CRA2-: (AHEPEFIAE Ra2nd theapeastiBnisi asubstigucaofdb iadenyt oia IRy ardide rﬁnd&r:)

aryl, silyl, ind&ca@enat ef alikyh, HalLIBRRSEHyAN WatocARH, MhyddtadSI- §t\lﬂ?ﬁ{t@t@(ﬁ
25[00321lllustrat|ve but not limtin exanpl es of suitable Unsynmretri cal
cycl opent@di eisgonseylaid| o dalhesbdpubstitadypengesaiqib ggpup fOftERrELA (¢ FIopt dbove

i nclude: |'t- (LRI CEEY 6l RRELAN! &R ml)setétlueﬁﬁ@wottﬂd%ﬁa@? pblitidnCRHRY 2-

C(3- nethylcyclopentadlenyl)(fluorenyI)N( (% EC}B)

C(cycl opent abfisERy [of {5 pyexiaer inylopyCrs; 22 isghig (v(up t“P R hyy ladiridging lgeony.1suoh

C( cycl opent agii ey h)bSor&r Qlonts-iRUbY h&écyQl{a?rpwt\)/eé}{(t%q{l,n%'t@ laR Mlel @nzﬁr ) or

Hf . [0033]In a further embodi nent, the catalyst system enployed in tH
present process conprises yet a further et al | ocene cat al yst conpound
havi ng the general formula (I111): WO 2008/ 144120PCT/ US2008/ 059437
(In3)Y(Ind)MX 11; wherein each of In" and In4 is an unsubstituted indenyl
ring; Y is a bridging group, such that the nunber of atoms in the direct
chain between the In' ligand and the In4 ligand is from1lto 8 M is a
transition netal fromGoup 3, 4, 5 or 6 of the Periodic Table of the

El ements, or an actinide or lanthanide netal; n is equal to the val ence of
M 5 mnus 2; and each X is a non-cyclopentadienyl |ligand and is,
independently, a hydrocarbyl oxyhydrocarbyl halocarbyl,

o . D T T T L e 1




100351 In one enbodi nent, the conmpound of forrmula (I11) conprises at |east
one of rac(di nmethylsilyl)bisindenyl zirconium di net hyl and
rac-(dinethylﬁbbwkhghﬁfndenylhafnlun1d|nethyl [0036]Thq,qg%ﬁ%%@${ﬁystem
enpl oyed in the present process can conprise a m xture F the

net al | ocene conpound of formula (1) with the nmetallocene conpound of
formula (11) @al.opne.; @ i ] alone
or with a co dhgﬁldﬁﬁ% %Eé&ﬂg? %%éﬁ%gggngoundy&q?@ﬂhgpﬁg?‘$¥%E(ﬁ%1

[ 0037] Typi cal Elgmenth er svedcgiitlc prdtritioanpe nickeds cn@nq)@UmdleozralehmqﬁM air(ub B) andreaghor
t he conpound | to.t f Tyl 1) in the
cat al yst syst%ﬁ%ﬁé@ §&&£ﬁa&m§£ %%¥l§g5$oce§§9§§ aq&%%ﬁ“gﬁaﬁﬁ&§%8ﬁg”6 9.

[ 0038] I n addiltalcgmbylp t Hedrnmrbumswetwdcommmme(aﬁélﬁ t hexybathabeybyl -sglyssitusdh
enpl oyed iy t n S, C es an coordi natin )
activator 3 actEuBhERAN oPLOFRES| SBTRILT SR BuP MR ARG SRR BlknBob i on
t hat does noumﬁmomﬁmmap®VMQi&mtwmeuimmmnmpwahmnatuﬂﬂxMhbke%ynm&Mamn1mg
suff|C|entIy ablle e di spl aced utra

" Conpati bl e" HR&% mae?aelactytﬁ)l8§‘3g ma“ﬁm%frg%n ?mg 2 ?]%i)&e%[ﬁfmbon d??tmrsa?r ti”y XEEWSt he
initially fonmgﬂwcomnkexouﬁm@mpakﬂﬁaqﬁuh@her the anion will not transfer

an ani oni ¢ sypstituent or fra Pplhe cation so o.cause it to form
a neutral Hﬁ§1 cﬁﬁnwn f%gfoce RCS%%%HW%1%Rﬁmg?ﬁb&?f%W”% nﬁfgﬁd%t
fromthe th qm31t1N(B¥Stsal§3901p)t%@f1ﬁé@bhyg,tnhﬂsen Whandfp iar er T opatdiditle, @nR' AND

2008/144120Pg§/q§290§/05%, b abI|IZ§ taI ocene cation in the sense
of bal anci ng T8RS ¢ éWﬁ@'ybﬁ?“?ﬂF ?%a@ﬁ iCPERY $4B ity to permit
di spl acenent [by15an thwmemﬂpadhyuﬁmg&@%hmbe&uaahgycu&@asunau@dnnae@ﬂ&ﬁ

during polynerization di t ons ysed .ar styp caIIy Lge or
bul ky in the &A% ?Xaﬁﬁg ﬁ‘deo }F‘?%u éﬂ'}{wrm cul?ay - ‘rdRz ¥ Kbt ehgy R

prevent neut nﬁiepe'mtmtryn1s0;f:1ettl§tefraiﬁth§zﬂﬂog&1e By, BryG aflyI0Raldh¢nda@ sk yDagRgertaer

t han t he 1olymi abl e n@nogprs that may be present in the polymnerization

process. TPypittal Py THE BATOn will have a nol ecul ar size of greater than or

equal to aboyeoid] an%h¢dﬁféﬁtly NGAgRne b nb@llasid dalyBf Sondbuid@nipyine desar i bed

in EP277004 are rti@{ arl% rseful in the)& gsept process. [0039]1n one
dmtdy B

embodi ment, A Horl2cEyp g2 apsto faben JHHggnige %P&%nfr@d 'y 10

the foll ow ngdimethamiiAibis(d-methgll-4-piRdy lindBeN BhMivkn dishigieneutral Lewi s base; H
i s hydrogen; L-H sa Bronsted acid; Ad- is a nan- coordlnatlng ani on
havi ng t he cﬁ%*éb dIn ongrfambgdimenty fhej afalygietysiemaeimprises agurthen metslograc extlywn
componentp (boﬁ%ﬂmdB@Nmyﬁ@g%&@y@ﬁgn§ted aci ds such as protons or
protonated Lewi s bases or reducible Lew s aC|gs capabl e of protonating or
abstracting a 20noi ety, such as an alkyl ,or-aryl, fromthe bulky Iigand
nmet al | ocene containing transition neta alyst precursor, resulting in a
cationic transition nmetal species. [004 ie ani on conponent Ad- includes
those having the formula {M QLl1] whergi isxan integer from1l to 3; nis
an integer from2-6; n - k =d; Mis nt selected from G oup 13 of

t he Periodic Table of the El esents, S WE?"borog or alumnum and Qis
25 independently a hydride, bri oed or uwb |dged,o al kyl ani do, hal i de,

al koxi de, aryl oxi de, hydrocar by| STy pcar byl , hal ocar byl ,
substituted hal ocarbyl, and hal G o by 1 radlcals said Q
having up to 20 carbon atons with the prOV|SOsthat in not nore than 1
occurrence is Qa halide. Preferably, each Qis a fluorinated hydrocar byl
group havi ngwhertio 20 carbon atons, nore preferably each Qis a fluorinated

acpectal |y alhorTTON rapht AV aan Ay b BBrHI<IE UpRERyr Sghafett™

Exanpl es of suinf abl e Ad- al so include di boron conpounds as disclosed in
U.S. Pat,.No. 5,447 895, which is ful corporated herein by reference.
[0042] I | Fust foaf; SRUETE B0 13 e ket b SOOR Y nP e ape.

i nclude N, N-halc\@b&DO&bﬂiﬁﬁt&zﬁHﬁEEl’HySZGﬁ&b&ﬁ@#&%sﬂtﬂleﬁﬁbﬂgw@ﬂtaﬂlbiﬂl WAlocarbyl-

tetra(perfluo yl ) bor at yl ani

tetrakls(perT%ﬁB %aﬁ%ﬁ?ﬁfﬁﬁwgtéﬁhamﬂyﬁr Igﬁﬂ1 fjed ppnictogen, - substituted
tetraki s(perfluorobi phenyl)borate, N, N—d%nethylanlllnlum
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, triphenyl earbeni um

t etraki s(perfluoronapthyl)borate, triphenyl earbeni um

tetraki s(perfluorobi phenyl)borate, 5triphenyl carbeni um
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, and tri phenyl earbeni um
tetra(perfluorophenyl)borate. [0043] The el astoner conposition produced by
the present process is substantially free




fromgel, by which is neant at |east 80% typically 100% by weight of the
pol yneri zati on product can be dissolved in a hydrocarbon sol vent such as
eycl ohexane, used to 10 di ssol ve EPDM Wen ¢ t in the
pol ymer or |fa¥%g&§$+%kular wei ght is very high (> 125 E%?lg?ﬁggaggrtlon

wi |l remain undissolved even at el evated tenperatures. Elastoner

Conposi tion 4 ra4k t he
present | pr ocesaaih DTSRt A, BRTRATIL AR BhohbE (B AR BRIEHEEE, B
cont ai ns frontabogito dvent Hutatedaty ooratu@iedld | yay He lxgucdh as fromabout 20 % to
about 80 W %, for ex an fr on1abo it 40 Wt % 1.0 abou

et hyl ene-deri \l}e tl)frcﬁlé% fdrcg%ebaf)hoeu ) W?’a}o?o ab%?’u Opggad\?ﬁn\aﬂ}r} 1{%1%30ev>v<13?%1plthee from
about 20 w % substalzouts $6ndmt1%ndswhé‘rea1$erér@m Bbaub RO for YuboitaboutS, 66 Wedq of
units deriyed Lrogkiﬂelq&rnnre C3 to C8 al pha olefins; and from about 0.3
to about 10 WP HREGEAYIANS r om about 0.3 to about 3 wt % of one or nore

di ene-deri vecbactnlshsstxtdcmt erepefbodi meiapendénie, 20 hedra(&tﬂhynemb@mmdyﬁydrb@rbyl

bout 75 o ABBOT g5 By NSRBI SRy Bhe AR Ged AT TE M SRR 3 to

about 10 wt Y%ubfinosie coganometellaid, edBuistatutade doton] tdisub{tBO&bD] phiteoget, h)shlesnelted

tent of th | ast tly det d b ASTM
ol corrct ed B GPENE B AERE PONS! LB O BB B8 Fir-C Ko BB s

can 25 belodetter:mrn@do biye iksdNiRed uvhmmasteEbBy@emlegahd can determ ned by FTIR
usi ng ASTM D6047 Vi t hese net ho S qreasy | e unsat uration and
hence the et aEOrBOPAFTON b O DTG ERa R CHE e CURr OBt | on
because di enaad hat Agrpandanto tbrsseetnunmlelémm”emteeﬂmmemgedncby e.g.,

hydr ogen are not gtected in the nmeasurenent. |f both ENB and VNB are
present, 13C‘NNRYdeiRg gPUrARy used to deternine diene content. 30 [0046]
TEe rel ati ve «gdggsee, afd Ry ane hdong cloperidtigengl %@h@ﬁﬁd lsgﬁi’d{ﬁ:ijk&ﬁén:ct@na ny&?uej)gzq by
the present process erm ne g, a branching i ndex factor (B

Cal cul ati'ng Y95 o l?até(tfﬁ’ibP/’g 9\5’” %Cé%ywbbtfmﬁﬁr% TegisBlaito Gy Rsliesattent s
of pol yner prsﬁmafutddesgdh@nagldﬁ éﬂﬂ&c&&yl@h&@hﬁﬁﬁﬂgdnﬁm&@m& Lidty@contadiyg up to

"Et hyl ene- Propyl ene El astoners' Enc edi a of Pol yner ?ﬁo

2008] 144120PEII LD StBIDEORS Prosifed FE X ﬁ%ﬁP ?éhf@ﬂshléeelmnﬁ@ar@ou tp tBametabgom
(1986) . Theseo &i@'a hdtdllablele (@RGokALES, roMShIghit 3 AVAORTD AR GlahRT orWei GRIX,
nmeasured using a low angle laser |ight scattering (LALLS) technlque in

combi nat i on WEeHessp bpat Aleln digietionr it Wgrdphy (GPC), (ii) wei ght average
mol ecul anoweii@hB] ( MYDRbtheRBElbYdiSERSIhE Yatd &rbftgen mhﬁ%li 3t R HER M6 ce)
using a differential 5 refractive i ndex g Ct i n_conbination with
GPC and (iii Fatpliitepmeuad hrdenies esperf foympaddy Yc,(al M P%rewa?r‘eﬁ cagh Ofélsen ime

first two neasrenmtisted Itheaﬂaﬂenyll ﬁngams ngheglmﬁgow s@eh@?gtmume@offd&dnmﬁ ed
dilute solution of the poly inl 2 4-tri orobenzene. [0047]T

br anchi ng i nd&xdieg ﬁhd‘iﬂé’eﬂ@f’? H’édﬂ alﬁédnq\/lﬂ/ndoﬁhe 5(1 NAZiRd iDR(to % M viS @ GF’G‘tDRIm%

GPC  LALLS 1@oh6hsp 3M/, e céd v i‘érloﬁlc: Ta%rédof the E]@ﬁ\gntb Q)r af’i’-'é@m‘icréeorl\l@ﬁl{%nﬂ@uw nk
constants (a=0.759 and k= 0.000246 for ethyl ene, propyl ene di ene

el ast onerPc PBiidePr sdyehtodcwisnge af M1 sgms P, ar;dre@?h X g neﬁemqpeﬁadl?nﬁ beandws
that the br amgn%de&q@emos hzdlj()&a@l%@r oﬁ%df&%y! %aﬂochylFﬁyerJaﬁ!}? tedtituted

pol yners, the extent br anc défined relative I"i near

pol yrrer. Slne&wﬁmﬁﬁﬂbéhs?%ﬁrmﬁ%ﬂ%@PﬂﬁWeWég@%ﬁﬁWﬁ@ﬁ?éﬁ(mehﬁﬁwﬂmﬂ*m¥mmyélanch
>(My) | ; 01%ldn(;n;l%lfdllgfda%ij&m%nt!lﬁm{%QJp%%&%t b§ clrﬁ’éﬁat&ﬂ@ﬁ}ro%a@d t}ﬁPQ/oaXSES&J Ler BI
val ue denotes a hi evel branching. In place of neasurin

decalin, it mgy hwa%e@éwa%wehq etrereyy poeformya mstalesyele ving eaddinips @IﬂéhQUé)r i n
tandem V"'zé h PRI a@dﬁ@' 26%& A6HECHANS N Erdu g§ 1032 EALah &4 ng%ﬁ%DdloQﬁh q!éﬂ%

this case, "k" a" val ues appropriate for the GPC solvent s

used in the eqmétlon above. 20[0048] Typically, the clastoner conposition
produced by the present process has a branching index (BlI) of from about
0.1 to about 1.0, such as fromabout 0.3 to about 0.9. 1 00491lIn addition,
t he el astoner conposition produced by the present process typically has a
nol ecul ar wei ght distribution (MAD), defined as the ratio of the weight
average nol ecul ar weight (Mv) to the nunmber average nol ecul ar wei ght (M),
of fromabout 2 to 25about 20. Additives [O00501As wll be evident to those
skilled in the art, the present el astoner conpositions may conprise other
additives in addition to the polynmer conponents. Various additives nay be
present to enhance a specific property or may be present as a result of
processi ng of the 30 individual conponents. Additives which may be

i ncorporated include, but are not limted to, processing oils, fire
retardants, antioxidants, plasticizers, pignments, vulcanizing or curative
agents vulcan|2|ng or curative accelerators, cure retarders processing

Y VAN M NST] A A A A S/ EFESAN~T | 1 |r\nr\r\nl P e —



20 the hydrocarbon polyners on exposure to sunlight. The addition of
fillers beyond a certain level may lead to a dramatic increase in the
viscosity an pondi ng decrease in processabilit Hl;eshol d

| evel is refgW§é§B?%§§§ the percolation threshold. In éﬁ?gﬁ%ﬁwégh?he
increase in viscosity, the percolation threshold is acconpani ed by an

i nprovenent i getRf B PESCRIPIRICDF A% 1V ENRioAevel s slightly higher than
t he percolatrUn“Tﬂ%eS%U&g—fﬁgre—rs—a—drop—rni%gthe el astic recovery of the
bl end. The pe[ﬂ@b’l] at i ‘onusehhasihothel nisbeaing achamd fetthe Pérfodicelublel @oepsgs gfc new
addition of f] I neral ly, the
percol ation t ﬁgg §g¥§q§¢%%héﬁgf NF§§2$Q g%%%fﬁ ?ﬂﬁpges wth a

smal | er si ze |06 fol“rhefprdsd:renrszewmlrprcande&agm‘cesmfmenoc{uelﬁgm} é'llaaom@rrpmsbditicmns
descri bed her contain pro i n the ran & f, from

par ts by it g BB eRER ShisPoE07 AR P el FGHEATER Bkl 8% debeat R
by wei ght, orpres8fkef (lffO&fﬂp]lﬂlCﬁl@l‘ ieOllpant Saﬂa}yswb@m thatpelﬂo%Oﬂhe p@)ﬂ}tr&rﬂitlo}ﬁoﬂoyﬁer
The addition of Ge erate a scosi.ty and
(lextbil ity droseRbo Bashan 4L oRuRo0r Ty TRt upBre 8L i et Ea i

t enper at ures mafgelaplddlh:e&l ki) @olyhternasxmb@idceadedmjzdmatthet Igelslﬁmpbtke ndel dlaction

Che bl ond. - AJHRG DY 2000 THAESBCT (RsBHIDSGHS "pP BEEEar ol 1b. EhE bl end

may al so Hmpnomenpﬁooﬁ@Sﬁbmhi&mnaﬁdﬂgkbwmﬁ@mambe&kefubﬁhaﬂmec@fmema&bmc and
tensile streng(? ; d s§70| fﬁ xg;ca.%¥ mn as. extﬁnder oil in
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vul cani zed accordi ng to known net hods, for exanple using curing agents,
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Technology of Rubber ™ by A Y Coran (F R Elrlch editor) Academ c Press
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WD 2008/ 144120PCT/ US2008/ 059437 flow stirred tank reactor (CSTR). In each
case, nmononers conprising ethylene, propylene and, where applicable, vinyl
nor bor nene (VNBh %ﬁzom xed with a sol vent (hexane) and deliyered to the
reactor as a m xe eed stream The catal yst and activator were pre-m xed
in 900 cc of toluene and delivered to the reactors with a netering punp.
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vi nyl nogpongpgr|( VNB) on‘é’%ﬁ%ozﬂlﬂeb[tnﬁfe'c%ﬁgodﬁ'o@go@n%lat (MPcdrithi@dsYat least one of rac-

rac- dlnethyIS|Ibe|s 2- met phenyl |ndenyl)2|rcon|und|ne hyl (Catal yst
A) acti vat ed(dinethyIngy @G2ne<zt?;vg}14anhcnxlmmﬁ)fe@omam s( petifPtipr onaptilyl ) beacat e. A
simlar proc I |l e 2 except the VNB was
omtted fron??ﬁ%ﬁﬂ%ﬁ?g&?rh?&?&Hgﬂmﬁﬂﬁﬂggﬁf%gﬁgﬁgaﬁﬁIn Tables 1 and 2,
inventive Exfiffles In gddit®nypith¢ notpdlodap caspound ¢fi ©reulpr(bd theeditayst V@t oner
havi ng branching | evels very simlar to that of Conparative Exanple 2
prepared without a diene, but otherw se prepared under substantially the
sane conditions as Exanples 1 to 5. Exanples | to 3 are repeats using
simlar process conditions and the results are substantially simlar. Thus,
the results of the present process are reproducible. 20 Conparing the
results of Exanples 3 and 4, the polynmer conposition has |arge influence on
VNB i ncorporation in the polyner backbone. Conparing Exanples 4 and 5, the
reactor tenperature has a large effect on catalyst productivity. In
addition, Exanple 5 illustrates that the low |levels of |ong chain branching
can be preserved even at substantlal VNB content |n the polyner The
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of the reactor. In contrast, in inventive Exanple 6 it will be seen that
there was no macrogel 10 fornmation under identical process conditions when
a m xed cat al ?%tw;‘sgg,qm(conprl sing 16 wt % catal yst A and P@@,@g%(g,ﬁg}ﬁl yst B)
was used in ace of catalyst B alone. Exanple 6 denonstrates that catal yst
A acts as a gel suppressant when used in conbination with Catal yst B.

[ 0068] Conpar '&‘rﬂ)l&ﬁ@ if fRU rEs%nto{)roéxéiMV@mgw%ﬁwﬂlpﬁg@Sﬁ l&gt R ﬂflé?tr'nMﬁlo%ér%npl e
3, it will 15°be seen the pol yner hough gel -free, is very
subst anti al | yaghaneoneaundhavinate seresiipamikdlithe el ast oner of Exanple 6 with
that of Conparative Exanple 1, which is a copwercial EPDM produced by
Ziegler Natta catalysis and soI d by Exxo )il Chem cal Co under the nane
V-1703P for use in wire and cable appll bot h pol yners have simlar
branching | evel s. V-1703P originates in/the Z-N process as rubber bal es

whi ch is 20subsequently converted to p |l et\f®ormby a toll processor at
addi tional cost. Thus, the pr ocess of A arrpl“”e\@ woul d al | ow t he production
of V-1703P directly as pelletsin a nmet% | gcene plapt with pelletization

facilities built-in, thus savi ng\t:he -..-.; Q pet’l eti zati on cost.

Exanpl es 7 to 11 [0069] I n Exanpk SO mi xtures of ethyl ene,
propyl ene and vinyl 25 nor bonene \&QNB abyhr i zed US| ng catal ysts
conpri si ng: (1) 15 to 71w % of ¢ ’

rac-di nmet hyl si | yl bi s(2-net hyl - 4- phenyl i ndenyl ) zirconi um di met hyl (Catal yst
A), and whebsin g5t 0 29wt % of rac- di met hyl si |yl (bi si ndenyl ) zi r coni um

di met hyl (sCatyl iy 81Gr&ep 32619 %t REsiMbt Aot Ml ioMB IAMaMBE k@i M4, or actinide metal
t et raki s(perfl uoronapt hyI )borate. 30[0070]Inventive Exanples 7-11

denpbnstrate P8t catal yst A acts as a gel suppressant in combination with
Catal yst C. w&s&um{umergﬁouweselsnolhd@emén@el fﬁ@%w@)ﬁi mstﬁ%&tﬁydr&grb%/he

ratio of the catalysts A and the I'ong chain branc | evel can

adj usted at \}i}?PParbYTh|%bs%litqdr*@@cﬁbylomdﬁoﬁﬁbﬁﬁ%ﬁﬂElttﬁidoﬁfg@flo%f‘éql&@i?er%dl%}ialtbﬁl'very
wide | atitudeuishuRbiOREShdrRSalloRS H‘l@ﬁ)gﬁtqteﬁoﬁoroy\od?ﬁ%ﬁ%ﬁﬂ%gpgﬂ USdRAE059437
the specific appl ication for which the polymer is made. The VNB | evel in
exanpl es 1P- 16h4leosgprdwalogen wHical pyxaviftdabat fwo pdjacest %geln@]mamy%drfmf@gﬂ aAQitpo 15,
catal yst A alcgng, W@%xv%@ﬂuﬁa@d RO ARl § omy&hyng‘a%dof S ethyl ene, propylene
and vinyl nor bonene (VNB) having significantly |ower |evels of ethylene
than in Exanmificesubicripp "8 depotdyathe tqq@owltgrw hergyelepaniadivsy poes ées gdigrh the
propyl ene segugpees W lBJhdéé %B@%ﬁe?e RELPYhE rb% LY St afolit RhboYituehS §h%1’1‘“thbn
Tables | and 2, inventive Exanples 12-15 utilizing VNB as the diene
produced an éY%@IO@tﬁ@?HYha%ng branching levels very sinilar to that of
Conpar atijye ExaMpliSided’ §BRS 8¢ W LAYk, & ehen dFRUS 1, LG REE
process as it rel attésetog[?ﬁfa abilit é.1l)on nﬁi}; syt Atod rogciucte(§ %00%1% yrrers
W t hout subsbalpeartal. B‘d’tﬁgﬁlt@ﬁéﬁlﬁc%lrﬁncblyidlngﬁﬂmé bthiutrdaelrg@%neﬁdﬁlelderhaﬂqcerbyl-

et hyl ene C_O"Qxﬁﬁﬁtwe@ nfl Qﬁbgr%tallgfarrp&&ﬁ)'stﬂgte& hﬁo?@n Wikt BRI LJQQ)%) pglﬁ)gt:{tllt%ﬁ
crystallinity. ExarrpéD 2-15 al so show t hat 't he reacto érature has a
| ar ge ef f ect clofrogent @lhpbpempradiducrrpvidedythat[tg0 22pCohpagratisvesyBsiaeplodosn ni's
conducted wi{ 12y Q g 15 reactor of the sane
desi gn used | n toﬂ ﬂor%ﬁ%ﬁ?%ao%%é?E%dﬁléité%{n@glﬁf\?g@%yérrpI es and it is included
for illugPratibyeippln’ domess thd darboheies: dnthg ﬂmr(tnhll@&ttalm tiE, subsrigrnt ishorlded el s
of VNB i ncor por 0, e f ain branchi ng.
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| evel s of VNB lsl'fhbnédgntgmoupseidof catalyst Ain pI ace of catalyst C pr oduces a
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ref erence shoulXt bey bagmct cancll hmnappdwdedalcdtcan ltrsfofrmra petalpogEs riod ccdmuengn n| ng
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aryne ligand, and with the further proviso that neither X, nor X, is not a substituted or
unsubstituted cyclopentadienyl ring.
[0029] “Symmetrically substituted” in relation to the S ligands in formula (IT) is defined
to mean that the cyclopentadicnyl ring is substituted in the 2 and 5 positions and/or 3 and 4
positions with S groups that arc of approximately of the same steric bulk. Typically the size
of these S groups are within 2 carbons of cach other. Thus a cyclopentadienyl substituted at
the 2 and the 5 positions with methyl and ethyl respectively, or substituted at the 3 and the 4
positions with hexyl and octyl, respectively, would be considered symmetric. Likewise, the
cyclopentadienyl ring may be substituted at all four sites with S groups and be considered
symmetric as long as each of the symmetrical pairs are of similar steric bulk. Additionally,
two adjacent S groups in the 3 and 4 position may be linked to form a ring provided that the
new ring is also symmetrically substituted.
[0030] Typically, if present, each S, is independently chosen such that the metallocene
framework has a plane of symmetry containing the metal center and bisecting the Flu- and
Cp-rings. The A ligand need not be symmetrical — for example dimethylsilyl or
methylphenylsilyl will not affect the stereochemisty of the polymer produced. Because of the
distant placement of the S substituents on the fluorenyl ring, these substitutents need not be
symmetrically placed on the fluorenyl ring. Hence, the fluorenyl ring may be substituted
with up to 7 substituents that may be the same or different.
[0031] Conveniently, A is a bridging group containing a Group 13, 14, 15, or 16 element
and particularly an element selected from boron, sulfur, oxygen, nitrogen, phosphorus,
carbon, silicon, germanium and selenium. In one embodiment, A is selected from —SiR%;-, -
CR%-, and - CR%-CR*,-; wherein R*, independently, is selected from hydrogen, alkyl, aryl,
silyl, halogenated alkyl, halogenated aryl, and mixtures thereof.
[0032] Hlustrative, but not limiting, examples of suitable unsymmetrical cyclopentadienyl
metallocenes of the type described in formula (IT) above include:

u-(CsHs), C(cyclopentadienyD)(fluoreny YM(CH3),;

u-(CsHs), C(3-methylcyclopentadienyl)(fluorenyl)M(CHas),;

u-(CH3), C(cyclopentadienyl)(fluorenyl)M(CH3),; and

p-(p-tricthylsilylphenyl), C(cyclopentadienyl)(3,8-di-t-butylfluorcnyl) M(CH3),,

wherein M is Zr or Hf.
[0033] In a further embodiment, the catalyst system employed in the present process

comprises yet a further metallocene catalyst compound having the general formula (III):
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(In*)Y(InHhYM"X",; wherein each of In* and In is an unsubstituted indenyl ring; Y is a
bridging group, such that the number of atoms in the direct chain between the In’ ligand and
the In’ ligand is from 1 to 8, M" is a transition metal from Group 3, 4, 5 or 6 of the Periodic
Table of the Elements, or an actinide or lanthanide metal; n is equal to the valence of M"
5 minus 2; and cach X' is a non-cyclopentadicnyl ligand and is, independently, a hydrocarbyl,
oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted organomctalloid, oxyhydrocarbyl-
substituted organometalloid or halocarbyl-substituted organometalloid group containing up to
about 20 carbon atoms; provided that two X' groups may be joined and bound to the metal
atom to form a metallacycle ring containing from about 3 to about 20 carbon atoms; or two X'
10 groups together can be an olefin, diolefin or aryne ligand.
[0034] Conveniently, Y is a bridging group containing a Group 13, 14, 15, or 16 element
and particularly an clement seclected from boron, sulfur, oxygen, nitrogen, phosphorus,
carbon, silicon, germanium and selenium. In one embodiment Y is selected from —SiR%,-, -
CR42-, and - CR42—CR42—; wherein R?, independently, is selected from hydrogen, alkyl, aryl,
15  silyl, halogenated alkyl, halogenated aryl, and mixtures thereof., Typically, Y is —-Si(CH:)s.
[0035] In one embodiment, the compound of formula (III) comprises at least one of rac-
(dimethylsilyl)bisindenylzirconium  dimethyl and rac-(dimethylsilyl)bisindenylhafnium
dimethyl.
[0036] The catalyst system employed in the present process can comprise a mixture of
20 the metallocene compound of formula (I) with the metallocene compound of formula (IT)
alone, or with the metallocene compound of formula (IIT) alone or with a combination of the
metallocene compounds (TT) and (T17)
[0037] Typically, the weight ratio of the compound of formula (II) and/or the compound
of formula (IIT) to the compound of formula (I} in the catalyst system used in the present
25  process is between 0 and about 0.9.
[0038] In addition to the metallocene component(s), the catalyst system employed in the
present process comprises a non-coordinating anion (NCA) activator. As used herein, the
term "non-coordinating anion” means an anion that does not coordinate to a transition metal
cation thereby remaining sufficiently labile to be displaced by a ncutral Lewis basc.
30 "Compatible" NCAs are those which are not degraded to neutrality when the initially formed
complex decomposes. Further, the anion will not transfer an anionic substituent or fragment
to the cation so as to cause it to form a neutral four coordinate metallocene compound and a

neutral by-product from the anion. NCAs are preferably those which are compatible and
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stabilize the metallocene cation in the sense of balancing its ionic charge, yet retain sufficient
lability to permit displacement by an ethylenically or acetylenically unsaturated monomer
during polymerization. Additionally, the anions used are typically large or bulky in the sense
of having sufficient molecular size to inhibit or prevent neutralization of the metallocene
5  cation by Lewis bascs other than the polymerizable monomers that may be present in the
polymerization process. Typically, the anion will have a molecular size of greater than or
equal to about 4 angstroms. NCA-generating activators of the type described in EP277004
are particularly useful in the present process.
[0039] In one embodiment, the non-coordinating anion activator may be represented by

10 the following formula:
(L-H)g" (A"

wherein
L 18 an neutral Lewis base;
H is hydrogen;
15  (L-H) is a Bronsted acid;
A isa non-coordinating anion having the charge d-; and

d is an integer from 1 to 3.

[0040] The cation component, (L-H);" may include Bronsted acids such as protons or
protonated Lewis bases or reducible Lewis acids capable of protonating or abstracting a
20 moicty, such as an alkyl or aryl, from the bulky ligand metallocenc containing transition
metal catalyst precursor, resulting in a cationic transition metal spccics.
[0041]  The anion component A% includes those having the formula [M*'Q,]* wherein k
is an integer from 1 to 3; n is an integer from 2-6; n - k = d; M is an element selected from
Group 13 of the Periodic Table of the Elements, preferably boron or aluminum, and Q is
25  independently a hydride, bridged or unbridged dialkylamido, halide, alkoxide, aryloxide,
hydrocarbyl, substitutcd hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-
hydrocarby! radicals, said Q having up to 20 carbon atoms with the proviso that in not more
than 1 occurrence is Q a halide. Preferably, each Q is a fluorinated hydrocarbyl group having
1 to 20 carbon atoms, more preferably each Q is a fluorinated aryl group, and most preferably
30 each Q is a perfluorinated aryl group, especially a perfluoronaphthyl group and/or a
perfluorophenyl group. Examples of suitable A% also include diboron compounds as
disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by reference.
[0042] Hlustrative, but not limiting, examples of suitable activators include N,N-

13
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dimethylanilinium tetra(perfluorophenyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronapthyl)borate, N,N-dimethylanilinium tetrakis(perfluorobiphenyl)borate,
N,N-dimethylanilinium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triphenylcarbenium
tetrakis(perfluoronapthyl)borate, triphenylcarbenium tetrakis(perfluorobiphenyl)borate,
5  triphenylcarbenium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, and triphenylcarbenium

tetra(perfluorophenyl)borate.
[0043] The elastomer composition produced by the present process is substantially free
from gel, by which is meant at least 80%, typically 100%, by weight of the polymerization
product can be dissolved in a hydrocarbon solvent such as cyclohexane, typically used to

10 dissolve EPDM. When gel is present in the polymer or if the molecular weight is very high
(> 125 ML), this portion will remain undissolved even at elevated temperatures.

Elastomer Composition

[0044] The overall composition of the elastomer produced by the present process can
vary over a broad range. Typically, the elastomer contains from about 5 wt% to about 85
15 wt%, such as from about 20 wt% to about 80 wt%, for example from about 40 wt% to about
80 wt%, of ethylene-derived units; from about 15 wt% to about 95 wt%, for example from
about 20 wt% to about 80 wt%, such as from about 20 wt% to about 60 wt%, of units derived
from one or more Cs; to Cy alpha olefins; and from about 0.3 to about 10 wt %, such as from
about 0.3 to about 3 wt % of one or more diene-derived units. In one embodiment, the
20 elastomer composition comprises from about 5 to about 25% by weight of ethylene-derived
units, about 75 to about 95% by weight of propylene-derived units and about 0.3 to about 10
wt % of one or more diene-derived units.
[0045] The ethylene content of the elastomer is conveniently determined by ASTM
D3900, and is not corrected for dicne content. VNB content incorporated in the polymer can
25  be determined by H NMR, whercas ENB content can determined by FTIR using ASTM
D6047. However, these methods measure available unsaturation and hence the measured
incorporation may be lower than the actual incorporation because dienes having pendant
unsaturated moicties converted by e.g., hydrogen are not detected in the measurement. If
both ENB and VNB are present, “C NMR is preferably used to determine diene content.
30 [0046] The relative degree of branching in the clastomer composition produced by the
present process is determined using a branching index factor (BI). Calculating this factor
requires a series of three laboratory measurements of polymer properties in solutions as

disclosed in VerStrate, Gary, "Ethylene-Propylene Elastomers", Encyclopedia of Polymer

14



217 LI L 1 LT 09 09 A Ikvl rate. (,giti) 21.0 2'10 Z110 ZFO i TO 2110 Z110
Z.1.110 Z 210 7110 ZI*0 CA ,-- JO '11-131): (M's 85(C) (D)sz, 57(C)

39(CQ)  (3)62 o 2008144120 PCT/US2008/059437

Science and Enginecring, 6, 2™ edition (1986). These are: (i) M. Gpe 1ALLSs weight average

molecular weight measured using a low angle laser light scattering (LALLS) technique in

combination with Gel Permeation Chromatography (GPC), (ii) weight average molecular

weight (Mwpgi) and viscosity average molecular weight (Mv pri) using a differential
5  refractive index (DRI) dcetector in combination with GPC and (iii) intrinsic viscosity (IV)

measured in decalin at 135°C. The first two measurements (i and ii) arc obtained in a GPC

using a filtered dilute solution of the polymer in 1,2,4-trichlorobenzene.

[0047] The branching index (BI) is defined as:

M_ . xM

BI — v,br w, DRI

MW. GPC LALLS x Mv, GPC DRI

10 where, My, =(IV/k)" ; and "k" and "a" are the Mark-Houwink constants (a=0.759 and k=
0.000246 for ethylene, propylene diene elastomeric polymers in decalin at 135°C.). From
this equation it follows that the branching index for a linear polymer is 1.0. For branched
polymers, the extent of branching is defined relative to the lincar polymer. Since at a
constant number average molecular weight My, Mw)banch >(Mw iinear, BI for branched

15  polymers is less than 1.0, and a smaller BI value denotes a higher level of branching. In
place of measuring IV in decalin, it is also acceptable to measure IV using a viscosity
detector in tandem with DRI and LALLS detectors in the so-called GPC-3D instrument. In
this case, "k" and "a" values appropriate for the GPC solvent should be used in the equation
above.

20 [0048] Typically, the clastomer composition produced by the present process has a
branching index (BI) of from about 0.1 to about 1.0, such as from about 0.3 to about 0.9.
[0049] In addition, the elastomer composition produced by the present process typically
has a molecular weight distribution (MWD), defined as the ratio of the weight average
molecular weight (Mw) to the nurber average molecular weight (Mn), of from about 2 to

25  about 20.

Additives

[0050] As will be evident to those skilled in the art, the present clastomer compositions
may comprise other additives in addition to the polymer components. Various additives may
be present to enhance a specific property or may be present as a result of processing of the

30  individual components. Additives which may be incorporated include, but are not limited to,
processing oils, fire retardants, antioxidants, plasticizers, pigments, vulcanizing or curative

agents, vulcanizing or curative accelerators, cure retarders, processing aids, flame retardants,

15
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tackifying resins, and flow improvers. Antiblocking agents, coloring agents, lubricants, mold
release agents, nucleating agents, reinforcements, and fillers (including granular, fibrous, or
powder-like) may also be employed. Nucleating agents and fillers may improve the rigidity
of the article. The list described herein is not intended to be inclusive of all types of additives
5  which may be cmployed with the present invention. Those of skill in the art will appreciate
that other additives may be cmployed to enhance properties of the composition.
[0051] The compositions described herein may also contain inorganic particulate fillers,
which may improve the mechanical and wear properties of the compositions, particularly in
compositions including cured components. The amount of inorganic filler used is typically
10 from 1 to 100 parts by weight of inorganic filler per 100 parts of polymer. The inorganic
fillers include particles less than 1 mm in diameter, rods less than 1 cm in length, and plates
less than 0.2 cm? in surface arca. Exemplary particulate fillers include carbon black, clays,
titanium and magnesium oxides, and silica. In addition, other particulate fillers, such as
calcium carbonate, zinc oxide, whiting, and magnesium oxide, can also be used. An example
15 of a rod-like filler is glass fiber. An example of a plate-like filler is mica. The addition of
very small particulate fibers, commonly referred to as nanocomposites, is also contemplated.
The addition of the fillers may change the propertics of the compositions described herein.
For example, compositions including inorganic filler may have improved thermal stability
and resistance to wear. The addition of white fillers may improve the temperature changes of
20 the hydrocarbon polymers on exposure to sunlight. The addition of fillers beyond a certain
level may lead to a dramatic increase in the viscosity and a corresponding decrease in
processability. This threshold level is referred to as the percolation threshold. In addition to
the increase in viscosity, the percolation threshold is accompanied by an improvement in the
elastic properties, and at levels slightly higher than the percolation threshold there is a drop in
25 the elastic recovery of the blend. The percolation threshold is attained at different levels of
addition of fillers depending on the type of filler used. Generally, the percolation threshold is
attained at lower levels for fillers with a smaller size than for fillers with a larger size.
[0052] The compositions described herein may contain process oil in the range of from 0
to 500 parts by weight, or from 2 to 200 parts by weight, or from 5 to 150 parts by weight, or
30 from 10 to 100 parts by weight, per 100 parts of polymer. The addition of process oil in
moderate amounts may lower the viscosity and flexibility of the blend while improving the
properties of the blend at temperatures near and below 0°C. Tt is belicved that these potential

bencfits arisc by the lowering of the glass transition temperature (Tg) of the blend. Adding
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process oil to the blend may also improve processability and provide a better balance of
elastic and tensile strength. The process oil is typically known as extender oil in rubber
applications. Process oils include hydrocarbons having either (a) traces of hetero atoms such
oxygen or (b) at least one hetero atom such as dioctyl plithalate, ethers, and polyethers.
Process oils have a boiling point to be substantially involatile at 200°C. These process oils
arc commonly available cither as neat solids, liquids, or as physically absorbed mixtures of
these materials on an inert support {e.g., clay, silica) to form a free flowing powder. Process
oils usually include a mixture of a large number of chemical compounds which may consist
of linear, acyclic but branched, cyclic, and aromatic carbonaceous structures. Another family
of process oils are certain organic esters and alkyl ether esters having a molecular weight
(Mn) less than 10,000. Combinations of process oils may also be used in the practice of the
invention. The process oil should be compatible or miscible with the polymer blend
composition in the melt, and may be substantially miscible in the propylene-based elastomer
at room temperature. Process oils may be added to the blend compositions by any of the
conventional means known in the art, including the addition of all or part of the process oil
prior to recovery of the polymer, and addition of all or part of the process oil to the polymer
as a part of a compounding for the interblending of the propylene-based clastomer. The
compounding step may be carried out in a batch mixer, such as a mill, or an internal mixer,
such as a Banbury mixer. The compounding operation may also be conducted in a
continuous process, such as a twin screw extruder. The addition of process oils to lower the
glass transition temperature of blends of isotactic polypropylene and ethylene propylene
diene rubber is described in U.S. Pat. Nos. 5,290,886 and 5,397,832, the disclosures of which
are hereby incorporated herein by reference.

[0053] The addition of process aids, such as a mixture of fatty acid ester or calcium fatty
acid soap bound on a mineral filler, to the compositions described herein may help the
mixing of the composition and the injection of the composition into a mold. Other examples
of process aids are low molecular weight polyethylene copolymer wax and paraffin wax. The
amount of process ald used may be within the range of from 0.5 to 5 phr.

[0054] Adding antioxidants to the compositions described herein may improve the long
term aging. Examples of antioxidants include, but are not limited to quinolein, e.g.,
trimethylhydroxyquinolein (TMQ); imidazole, e.g., zincmercapto toluyl imidazole (ZMTI);
and conventional antioxidants, such as hindered phenols, lactones, and phosphites. The

amount of antioxidants uscd may be within the range of from 0.001 to 5 phr.
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Cured Products

[0055] The elastomer compositions described herein may be cured or vulcanized

according to known mcthods, for cxample using curing agents, such as peroxide that forms a
C-0O-C bond or hydrosilation that forms a C-Si-C bond as is described in "Vulcanization",
5  Chapter 7 of "Science and Technology of Rubber", by A. Y. Coran, (F. R Eirich, editor)
Academic Press Inc., 1978.
[0056] Cured compositions may be prepared by any procedure that guarantees an
intimate mixture of the polymeric components. Generally, the first step of the process is
mixing the polymeric components and optional additives, such as process oil, fillers,
10 colorants, antioxidants, nuclcators, and flow improvers using equipment such as, but not
limited to, a Carver press for melt pressing the components together, intcrnal mixers such as a
Banbury mixer or a Brabender mixer for solution or melt blending of the components, and
equipment used for continuous mixing procedures including single and twin screw extruders,
static mixers, impingement mixers, as well as other machines and processes designed to
15  disperse the components in intimate contact. A complete mixture of the polymeric
components is indicated by the uniformity of the morphology of the composition. Such
procedurcs are well known to thosc of ordinary skill in the art. In one embodiment, the next
step is mixing a chemical curative, such as peroxides or sulfur compounds, with the intimate
mixture, and then fabricating the intimate mixture including the chemical curative into the
20  final shape of the article and raising the temperature for an extended period of time to allow
the curing of the propylene-based elastomer. In another embodiment, the next step is
fabricating the intimate mixture into the final shape of the article, and then exposing the
fabricated mixture to an external curative agent, such as high energy radiation, to allow
curing of the propylene-based elastomer.

25  Uses of the Elastomer Composition

[0057] The present elastomer composition can be used to produce fibers, films, and

molded objects and can be also used in a variety of peroxide-cured applications such as

weather seals, coolant hoses, roofing membranes, wire and cable insulations, dynamically

vulcanized alloys, power transmission belts, engine mounts, thermoplastic olefin blends and
30 the like.

[0058] The invention will now be more particularly described with reference to the

following non-limiting examples.

[0059] In the examples, metallocene polymerizations were carried out in a continuous
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flow stirred tank reactor (CSTR). In each case, monomers comprising ethylene, propylene
and, where applicable, vinyl norbornene (VNB) were mixed with a solvent (hexane) and
delivered to the reactor as a mixed feed stream. The catalyst and activator were pre-mixed in
900 cc of toluene and delivered to the reactors with a metering pump. The production rate
5 was measured by timed collection of a known weight of cfflucnt and mcasuring the solids
concentration by cvaporating the solvent. From the catalyst make-up and feed ratc and the
production rate, the catalyst productivity was calculated as Catalyst Efficiency (g polymer/g
catalyst). The molecular weight was controlled through the choice of reactor temperature,
although a chain transfer agent, such as hydrogen, can also be used to facilitate molecular

10 weight control. At the completion of the polymerization run, the reactor was opened and
inspected for gel. In all runs, except for Comparative Example 4, the product was found to
be gel free. The process data and the polymer data for the inventive examples are shown in
Tables 1A and 2A, respectively, and the process data and the polymer data for the
comparative examples are shown in Tables 1B and 2B, respectively.

15 [0060] Molecular weights (number average molecular weight (Mn), weight average
molecular weight (Mw), and z-average molecular weight (Mz)) were determined using a
Waters 150 Size Exclusion Chromatograph (SEC) equipped with a differential refractive
index (DRI) detector, an online low anglc light scattering (LALLS) detector and a viscometer
(VIS). The details of thesc detectors as well as their calibrations have been described by, for

20 example, T. Sun, P. Brant, R. R. Chance, and W. W. Graessley, in Macromolecules, Volume
34, Number 19, 6812-6820, (2001), incorporated herein by reference. Solvent for the SEC
experiment was prepared by adding 6 grams of butylated hydroxy toluene (BHT) as an
antioxidant to a 4 liter bottle of 1,2,4 trichlorobenzene (TCB) (Aldrich Reagent grade) and
waiting for the BHT to solubilize. The TCB mixture was then filtered through a 0.7 micron

25  glass pre-filter and subsequently through a 0.1 micron Teflon filter. There was an additional
online 0.7 micron glass pre-filter/0.22 micron Teflon filter assembly between the high
pressure pump and SEC columns. The TCB was then degassed with an online degasser
(Phenomenex, Model DG-4000) before entering the SEC. Polymer solutions were prepared
by placing dry polymer in a glass container, adding the desired amount of TCB, then heating

30 the mixture at 160°C with continuous agitation for about 2 hours. All quantities were
measured gravimetrically. The TCB densities used to express the polymer concentration in
mass/volume units were 1.463 g/ml at room temperature and 1.324 g/ml at 135°C. The

injection concentration ranged from 1.0 to 2.0 mg/ml, with lower concentrations being used
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for higher molecular weight samples.
[0061] Mooney Viscosity, ML (1+4) at 125°C, was measured according to ASTM D
1646.
[0062] Melt Index (MI) and Melt Index Ratio (MIR), where MIR = MI/MFR and MFR is
the melt flow rate, were measured according to ASTM D 1238 E and F. MIR is generally a
function of both MW and molecular weight distribution (MWD). At a given MI, a higher
MIR would typically imply a higher level of long chain branching.
[0063] Mooney Relaxation Area (MLRA) is determined using ASTM D 1646.
Examples 1 to S and Comparative Example 2
[0064] In Examples 1 to 5, various mixtures of ethylene, propylene and vinyl norbornene
(VNB) were polymerized using as the catalyst rac-dimethylsilylbis(2-methyl-4-
phenylindenyl)zirconiumdimethyl (Catalyst A) activated with N,N-dimethylanilinium
tetrakis(perfluoronapthyl)borate. A similar procedure was followed in Comparative Example
2 except the VNB was omitted from the monomer mixture.
[0065] As shown in Tables 1 and 2, inventive Examples 1 to 5 utilizing VNB as the diene
produced an clastomer having branching levels very similar to that of Comparative Example
2 prepared without a diene, but otherwise prepared under substantially the same conditions as
Examples 1 to 5. Examples | to 3 are repeats using similar process conditions and the results
are substantially similar. Thus, the results of the present process are reproducible.
Comparing the results of Examples 3 and 4, the polymer composition has large influence on
VNB incorporation in the polymer backbone. Comparing Examplcs 4 and 5, the reactor
temperature has a large cffect on catalyst productivity. In addition, Example 5 illustrates that
the low levels of long chain branching can be preserved even at substantial VNB content in
the polymer.  The ability to incorporate such high levels of VNB without substantial
introduction of branching has tremendous commercial importance in applications that
demand high cure state and physical propertics such as tear resistance in preference to
processibility benefits derived from having substantial levels of long chain branching.
Example 6 and Comparative Examples 1, 3 and 4
[0066] In Example 6, a polymerization process similar to that of Example 1 was
conducted with a catalyst comprising a mixture of:

(1) 16wt% of rac-dimethylsilylbis(2-methyl-4-phenylindenyl)zirconium dimethyl
(Catalyst A), and

2 84wt% of di(para-triethylsilyl)methylene(2,7-ditertiarybutylfluorenyl)

20
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(cyclopentadienylhafnium dimethyl (Catalyst B)
activated with N,N-dimethylanilinium tetrakis(perfluoronapthyl)borate. Similar procedures
were followed in Comparative Examples 3 and 4 except the VNB was omitted from the
monomer mixture in Comparative Example 3, whereas in Comparative Example 4 the
5  catalyst was 100wt% di(para-tricthylsilyl)mecthylene(2,7-ditertiarybutylfluorenyl)
(cyclopentadienyl) hafnium dimethyl (Catalyst B).
[0067] Comparative Example 4 was prepared with catalyst B alone and with the same
feed rate of VNB to the reactor as in inventive Example 6 and resulted in complete gellation
of the reactor. In contrast, in inventive Example 6 it will be seen that there was no macrogel
10 formation under identical process conditions when a mixed catalyst feed (comprising 16 wt%
catalyst A and 84 wt% catalyst B) was used in place of catalyst B alone. Example 6
demonstrates that catalyst A acts as a gel suppressant when used in combination with
Catalyst B.
[0068] Comparing the results of Example 6 with those of Comparative Example 3, it will
15 be seen the polymer of Example 6, though gel-free, is very substantially branched. In fact,
comparing the elastomer of Example 6 with that of Comparative Example 1, which is a
commercial EPDM produced by Ziegler Natta catalysis and sold by ExxonMobil Chemical
Co under the name V-1703P for use in wire and cable applications, both polymers have
similar branching levels. V-1703P originates in the Z-N process as rubber bales which is
20 subsequently converted to pellet form by a toll processor at additional cost. Thus, the process
of Example 6 would allow the production of V-1703P directly as pellets in a metallocene
plant with pelletization facilities built-in, thus saving the additional pelletization cost.
Examples 7 to 11
[0069] In Examples 7 to 11, various mixturcs of cthylene, propylene and vinyl
25 norbornene (VNB) were polymerized using catalysts comprising:
(1) 15 to 7iwt% of rac-dimethylsilylbis(2-methyl-4-phenylindenyl) zirconium
dimethyl (Catalyst A), and
(2) 85 to 29wt% of rac-dimethylsilyl(bisindenyl)zirconium dimethy! (Catalyst C)
activated with N,N-dimethylanilinium tetrakis(perfluoronapthyl)borate.
30  [0070] Inventive Examples 7-11 demonstrate that catalyst A acts as a gel suppressant in
combination with Catalyst C. These polymers were not only gel-free, but by adjusting the
ratio of the catalysts A and C, the long chain branching level can be adjusted at will. This

ability allows the production of polymers with very wide latitude in properties, as needed for
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the specific application for which the polymer is made. The VNB level in examples 7-10 is
substantial.
Examples 12 to 15
[0071] In Examples 12 to 15, catalyst A alonc was usced to polymcrize mixtures of
5  ethylene, propylene and vinyl norbornene (VNB) having significantly lower levels of
cthylene than in Examples 1 to 5 so that the polymer compositions possessed propylene
sequences with isotactic propylene crystallinity. As shown in Tables 1 and 2, inventive
Examples 12-15 utilizing VNB as the diene produced an elastomer having branching levels
very similar to that of Comparative Example 2 prepared without a diene. Thus, the present
10 process as it relates to the ability of Catalyst A to produce VNB polymers without substantial
long chain branching is valid across the entire cthylene composition range, comprising thosc
with and without propylenc crystallinity. Examples 12-15 also show that the rcactor
temperature has a large effect on catalyst productivity,
[0072] Comparative Example 5 was conducted with catalyst C alone in a larger sized
15  reactor of the same design used in the preparation of the inventive examples and it is included
for illustrative purposes. It shows that with Catalyst C, even low levels of VNB
incorporation Icad to substantial levels of long chain branching. Like Catalyst B, catalyst C
is expected to lead to gellation at higher levels of VNB  Thus, the use of catalyst A in place
of catalyst C produces a substantially linear molecule in the presence of VNB without the
20 production of macrogel.
[0073] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be madc to the appended claims for purposcs of determining the true scope of the

25  present invention.
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CLAIMS

What is claimed is;

A process for producing an elastomer composition, the process comprising:
contacting a catalyst system comprising at least two metallocene catalyst
compounds and a non-coordinating anion activator with a monomer mixture
comprising ethylene, at least one alpha-olefin, and at least one diene; wherein
at least one metallocene catalyst compound comprises an indenyl (In) complex
having the general formula: (Ianlm)R3(In2R2p)MXq; wherein the or each R' is
a substituent of the indenyl ring In' and the or each R? is a substituent of the
indenyl ring In%, each R! and R? is, independently, a halogen or a hydrocarbyl,
halocarbyl, hydrocarbyl-substituted organometalloid or halocarbyl-substituted
organometalloid group containing up to 20 carbon atoms, and at least one R’
or R? substituent is bonded to the 2-position or the 4-position of its associated
indenyl ring; m is 1 to 6; p is 1 to 6; R® is a bridging group, such that the
number of atoms in the direct chain between the (In'R'y) ligand and the
(Ianzp) ligand is from 1 to 8, M is a transition metal from Group 3, 4, or 5 of
the Periodic Table of the Elements; q is equal to the valence of M minus 2;
and each X is a non-cyclopentadienyl ligand and is, independently, a
hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted
organometalloid, oxyhydrocarbyl-substituted organometalloid or halocarbyl-
substituted organometalloid group containing up to 20 carbon atoms; provided
that two X groups may be joined and bound to the metal atom to form a
metallacycle ring containing from 3 to 20 carbon atoms; or two X groups
together can be an olefin, diolefin or aryne ligand; and

wherein at least one metallocene catalyst compound comprises a compound

having the general formula:

27

En;



311400 s1.1111 -21 NI OCZCC89 86976 86852 1019040 51113'1 'M 291500
46586 47153 424600 1svll. _RA CLZ 117 7i - EZ L'9Z L91

wherein
M’ is a Group 3, 4, or 5 transition metal atom;
each substituent group S is, independently, a hydrocarbyl, substituted-
hydrocarbyl, halocarbyl, substituted-halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted organometalloid, disubstituted boron,
disubstituted pnictogen, substituted chalcogen or halogen radical, provided
that two adjacent S groups may joined to form a C4 to Cy ring to give a
saturated or unsaturated polycyclic ligand;
the subscript "v" denotes the carbon atom on the cyclopentadienyl ring to
which the substituent is bonded and where there can be zero to four
substituents, S, on the cyclopentadienyl ring;
each substituent group S is, independently, a hydrocarbyl, substituted-
hydrocarbyl, halocarbyl, substituted-halocarbyl, hydrocarbyl-substituted
organometalloid, halocarbyl-substituted organometalloid, disubstituted boron,
disubstituted pnictogen, substituted chalcogen or halogen radical, provided
that two adjacent S” groups may joined to form a C4 to Cy ring to give a
saturated or unsaturated polycyclic ligand;
subscript "z" denotes the carbon atom on the fluorenyl ring to which the
substituent is bonded and where there can be zero to seven substituents, S”, on
the fluorenyl ring; and
A is a bridging group; and
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CLAIMS What is clained is: 1.A process for producing an el astoner
conposition, the process conprising: contacting a catal yst system
conprising at |east two netall ocene catal yst conpounds and a

non- coor di nati ng .ani acty.vator with a noner. mxture ¢ [iSin

et hyl ene, at | eeggl% Oggg a&ﬁpjﬁ%@so? 8??'ﬁ¥cq%e&%§fen&ggg?n%%d’ gt ﬁgﬁeqﬁwgi% at

| east one met alyderadytat aloxshydedrpound aoMghises amytdrdemyl-sidstut&pnpl ex
havi ng t he general foryl:rrul_ a: (§Iyni Ri ni ) R3(1 n2R2p) MXg; wherein the or each R
i s a substituerfrgdonetaloid dahydioparhylsubstithiedt oreanmetglitid pp hadocarbyl-
substituent of o] i ] ﬁg@ . I i y, a
hal ogen or a hfﬁ?%%{é@%f%ﬂ‘%‘%g%lﬂ %?upe y r@k@?@&i}a@ S%iofopta&qgsg%?%&éd

or ganonet al | oi dhair XhaindcHs hydy dubsinet udreld bouirghno nkd ahdtali stogr oGO ai ni ng
up to 20 carbon atonms, and at |east one Rl or R2 substituent is bonded to
the 2-position r%?talfwcla-rﬁgﬁoflﬁaaﬂngﬁtromt%t%%%%b%ﬁ FemsrdehyInd Xnigeethei s 1 to
6, pis 1 to 6,.,R8ehs ol hida%:r AAdRoassiCh that the nunber of atoms in
the direct chain between t 1eﬁﬁl g)irle}%e 1giag£nd and the (In2R2p) ligand is
fromlto 8 Mis atransition netal fromGoup 3, 4, or 5 of the Periodic

Tabl e of the Elenents; i.S. equgl to the yal e.of M.mnus, 2; and,each X
is a non-?ycl opelitPAi%h CIP%QN&%%C?@?& eTHRSIpFY 13 §°W§rt82}éer%'yl ,
oxyhydrocar byl pokigib@ @R EHeY4-podiieH SCRS R¥bcistbdd Hideh it fith; H ganenBtallPisd,

oxyhydr ocar byl - substi tuted organonetal | oid or hal ocar byl substituted

or ganoret al | oi @ group containing up to 20 carbon atons; provided that two X
groups may be joined and bound to the netal atomto forma netall acycl e
ring containing from3 to 20 carbon atons; or two X groups together can be

an ol efin3. di olTétiprocess @it 1 Whedeth masnd awhpriep.n at | east one netal | ocene
cat al yst conpound conpri ses a conpound having the general formula:

4. The process of claim 1 wherein each R' and R* substituent is a hydrocarbyl
group.
5. The process of claim 1 wherein each R' and R? substituent is a methyl or

phenyl group.

6. The process of claim 1 wherein R® is a bridging group containing a Group 13,

14, 15, or 16 element.

7. The process of claim 1 wherein R? is selected from —SiR42—, —CR42-, and -
CR*%-CR%-; wherein R*, independently, is selected from hydrogen, alkyl, aryl,

silyl, halogenated alkyl, halogenated aryl, and mixtures thereof.

8. The process of claim 1 wherein R? is —SiR%-.
9. The process of claim 1 wherein said at least one metallocene catalyst
compound comprises rac-(dimethylsilyl)bis(2-methyl-4-

phenylindenyl)zirconium dimethyl or rac-(dimethylsilyl)bis(2-methyl-4-
phenylindenyl)hafnium dimethyl.
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wherein M is a Goup 3, 4, or 5 transition netal atom each substituent
group S is, independently, a hydrocarbyl, substitutedhydrocarbyl,

hal ocar byl , substituted-hal ocarbyl, hydrocarbyl-substituted
organonet al | oi d, hal ocar byl -substituted organonetal | oi d, disubstituted
boron, di stifut ni et.oge substituted chal.cogen ar..hal ogen radical,
provided tithe U8 FoESEr A8 TR e S R R A PR e B8 oo™ hg o
gi ve a sat ur at edleoted Wirs@aNUX-aigethplahiigieh tetral jegfindtopenel ) sorbecNiNt " V"
denotes the carbon atomon the cycl opentadi enyl ring to which the

substituent is doabslandinumiarakistprasieorenaptivd)bpeate NL.Y-diggthydamérintyent s, S,

on the cycl ope I: i.ng.; i . o izndependent |y,
a hydrocarbyl,q%%%%%ﬁ%ﬂyégﬁ3@?@@2?%%#5§%%§%%§%%£ﬁ?Mgﬁﬁg??ﬁﬁ?éﬁ-haIocarbyl,
hydr ocar byl - sulbsd(irtflifoesmahgdpienpisdrhe] wiphball@ebonbyh - subst i t ut ed

organonetal | oi d, disubstituted boron, djsubstituted pnictogen, substituted
chal cogen or hdft p?ﬁHW@aﬂﬁgﬂNKVWHéHPLWa“mﬂ%ﬁugﬂjacent S" groups nay
joined to form j i ynsat ur at ed

pol ycyclic |ig§%§$%§%%§§§98?mEgﬁﬂﬁ%ﬁ%xggﬁ?ﬁgkgﬁgﬁgﬁkg?%ﬁg%ﬁ t he fl uorenyl
ring to which tisétrglwosimdtbig)thenyl)tyoatd sahddrighadybraebenhen e can be zero to
seven substituent .ont fluorenyl ring; and Ais a bridging group;
and each of Xﬁggi@ﬂﬁémpgﬁﬁwﬂgﬂg%?clopentadienyl ligand and is,

i ndependently, a hydrocarbyl, oxyhydrocarbyl, hal o carbyl,

hydr ocar byl - substi tuted organonetal | oi d, oxyhydrocar byl -substitut ed

or ganonet dlll oi dhemrergbsofaidyl Ewbstein sridet leasy ambatehapleon ¢ogposss acbntoai ni ng
up to 20 carboqj%hgﬂgﬂdﬂ{ovided that X1 and X2 may be joined and bound to
the metal atomtSfTo6rma netallacycle ring containing from3 to 20 carbon
atons; or X1 and X2 together can be an olefin, diolefin or aryne ligand. 2.
The process of claim 1 wherein each R _and R2 substituent is bonded to the
2- positi oA or T@ﬁ@r%%%fsfi%@nl wheteinssagkal degshonschlphgelaln iy prapylens.is 1 or 2;
and pis 1 or 2. 3. The process of claim?2 wherein mis 2 and p is 2. 4.
The process of claim1 wherein each Rl and R2 substituent is a hydrocar byl
group. 5. 1F¥he phogesssefofctlaimm 1l whksrireisaidealc lealRl omndlidi?2 sarysdises wangl i s a
met hyl or phenﬁlbgroug. The process of claim1l wherein R3 is a bridging
group cont ai ni AGPR"EN SK§§%, 14, 15, or 16 elenent. 7. The process of claim
1 wherein R3 is selected from-Si R42-, -CR42-, and - CR42-CR42-; wherein
R4, independently, is selected fromhydrogen, alkyl, aryl, silyl,

hal ogenat ed al kyl, hal ogenated aryl, and m xtures thereof. 8. The process
of claiml1l wherein R3 is -SiR42-. 9. The process of claim 1l wherein said at
| east one netal |l ocene catal yst conpound conpri ses

rac- (di nmet hyl sil yObi s(2-nmet hyl-4- phenylindenyl) zirconi um di met hyl or

rac- (di net hyl silyl)bis(2-methyl-4- phenylindenyl)hafniumdinmethyl. 29 10.
The process of claim1 wherein the non-coordinating anion activator is
selected from N, N-di methyl aniliniumtetra(perfluorophenyl)borate,

N, Ndi et hyl ani |'i ni um tetraki s(perfl uoronapthyl)borate,

N, N-di met hyl ani | i ni um t et raki s(perfl uorobi phenyl ) borate,

N, N-di met hyl ani liniumtetrakis(3,5- bis(trifluoronethyl)phenyl)borate,

tri phenyl carbeni um tetraki s(perfluoronapthyl)borate, triphenyl carbeni um

t et raki s(perfl uorobi phenyl)borate, triphenyl carbeniumtetrakis(3,5-

bi s(trifluoromethyl)phenyl)borate, and tri phenyl carbeni um
tetra(perfluorophenyl)borate. 11. The process of claiml1l wherein said at

| east one al pha-olefin conprises a C3 to C8 al pha olefin. 12. The process
of claim1 wherein said at | east one al pha-olefin is propylene. 13. The
process of claim1 wherein said at | east one diene conprises vinyl
nor bor nene (VNB).
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