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WO 2008/ 144120PCT/ US2008/ 059437 ETHYLENE ELASTOMER
COWPCSI TIONS  FI ELD OF THE | NVENTI ON [ 0001] Thi s

WO poognidien rel ates to et hyl ene el astonmer conpoBCT/US088/059437
5 BACKGROUND OF THE | NVENTI ON [0002] Et hyl ene
el astomer conpositions typically contain ethylene, an
al pha- ol ef i n SPAYIFNRFINS POSIERTOREGSITdOoNgPONnent ,
such as a di€ne, to ftacilitate vulcani zatron. The
choice of the third conmponent can greatly influence

Fr?wﬁjsﬁtﬁﬁﬁlgﬁaﬁgggﬁﬁlng reactions and the resultant

grettHat—ar et re of the polyner. For exanple,

[omfn etily ldve g RAEAH RERE Nt R1AENRY chbsipbsigshsas the

diene, as is frequently the case, long chain branching
BACKEIGIUNIFOH FIIE INVERPION! at €d through cati onic
-ccuprrng—reacr-Uns—rnlgrefﬁ -Natta (Z-N)
[0g9al y rreEtihyhhé: ehstowee cempoditivrs thpiaaliyh corgainethyderics am iafpha-olefin such
not prese th nmetal | ocene catal yst The | ack of
as BWQME’H? g fao He cQMPANSALt s&qcF gt asldeney ai]se191 Jitate Vulcanlzatlon The choice
of RRL Y caﬁb Rt Y Eé}@atl iffHRnd & N BatBRS 6P $Banhin eﬁ%csaons and the
acidity In N cat a systens that leads to cationic
resabaplmelgewddr drbietqoamnd eﬁtthedpmp]lner 1BobenrdyplonviidnectENBlene norbornene

ecul 0 When ot her di enes, uch as. di vi.nyl .
(Eﬁg 3@@% d sr#d ay irauspibp derfant | ?Wgsﬂl ?rénﬁ%%thrﬂugh the diene
f | t t t
s PRARRSELFARY bl RUAMEARFL 1 PRt b mariaion

Whpreapehli‘s ibwchmlgahed&nsnhmmmQ)rmht:amthzraetalhmcene catalysts. The lack of

braa:lf: g t er | S]&@ metg gﬁttg]r,]ee%ﬁg%egilp : o\llzé?lgg\%ﬁgw%léldﬁlﬁ to the absence of

LeWht @éléh%ﬁﬁlng-N %9[3.8’@11: & HARANPOIYIRH! ZabhR oWl G BREGndent double

such as DVB and VNB,” i ncorporation of the pendent
boutbuisl the Ediisolentlo. t he polyner backbone is faC|Ie and

TS B SR ATRRLS e BEBae Ll YRS BT ggormene (v

arcMliRd IR AR deEﬁB nhhes ?F&QCH&{ BY ey RAL ‘:‘e'lasjtgfi‘ﬁetl@l the resultant polymers
catal ysts. However, e resul tant “polymers stil

fretyquitlyadxhybir enlabmect\pmpgﬂlels,esueh asfenhamgd chiddanizatiam cham@erlstlcs and

the Wi b opefes S bigenBh TEETG: dbiotiye gt metallocene-

cat@[y%é‘(??@l'yﬁﬁn%tlotnh\@lﬂﬁ) AUNBRB suchl REDVB §nd Wfﬁflﬁ&ﬁporanon of the pendent
significant interest in developing a

domirit: didnds en@ tet ablymed kmoklgmer isz facilorandr tredss $o taxaessiviel amounts of

or bR C el RHETSUR oV G CABUE o N T Qe senerall

sytgﬁésﬁe@rlfﬁmg Pibg le[r-@@e@tﬁ] c@%l?ﬁi | Hoveevet, aié r&ultant polymers still typically
propyl ene/ ethylene copol ymers have been conmercial i zed

ret@0 atthght le(yglmfrlp@c@nt bragﬁ%lg)y/hwlgb g/htle bélpful for processability, may lower

' .t d9
e B yA e BT i o e COhe SMmaootD Atoftar LGt lerhopymer.  There i
theﬁéﬁﬁyilgﬂﬁcﬁﬁQH@fBéﬁﬁl HEWV: b NBcthisché-caRaEd b@lﬁh}%hzatlon process
net al | ocene catal ys These copol yners have

thag h\olmllaw the pradyetioreobeathalvoe cbtomesxusing diepeulsueh as DVB and VNB,
l.asticity and shoul d produce

Wl‘%‘%‘é‘f af W&ﬁé%@S%‘iﬁrgeﬁ&B“ 3498/ 144120PCT/ US2008/ 059437

[00DAPOSREJAIDE, MIRRs G0 FhdFi8chetileR dRNENSY Qﬁv@%eéﬂ\'@ommermahzed

However, the netal | ocene catal'ysts used in the
thas wampest § tof250h @yeweebtoo@mtbvl@nedenmdovmwt @dp@S pbﬂé%t by weight of

e duc s such
oS T s P BT e aR0BEy S5 RSOy, the use of o
paibicORlH %}p@%f@h@ﬂmeﬁé cRIFROSTHk® B(spol&%ﬁee h@te §lBBELan attractive balance

propyl ene/ et hyl ene copol yners in t he probl em

of dlexwial niastubist itensile sstr@bgthawdel@wlqnﬁymndn leld [pm}bls? wseful clastomer
Patent No. 6,096, 849 discloses a process for preparing
a |linear, honogeneous ethyl ené/al pha-ol efi n/ VNB
copolymer in the presence of a single site netall ocene
catal yst having the structural fornula: 10 wherein M
|s a tranS|t|on netal selected fron1the group

o s R - Y ~ . s o
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ti-(CH3)2Si (tetrahydroi ndenyl) 2M CH2CH3) 2, and
ti-(C6H5)2Si (i ndenyl) 2M CH3) 2; wherein M 10 i s chosen
WO p@ailas1gr oup consisting of Zr, Hf, and Ti. [OPOFPEE08/059437
Patent No. 6,319,998 discloses a nethod of making a
copol ynmer bl end by sol ution polynerization conprising:
cotPosifiGRAVING Rnibidctwidieh dRhe 8hchl KAMBL WRwWvES fcaRétallocene catalysts
nononers and a solvent in controlled proportions to a
usdd rnsthecsmlthlersuo@fstlfem)\momlymlédamakmwmem:b@rpote(nb)geh@mdvgers in the

t
prRLdt (S Rn SR ool X anf o T ovont e RSt o (iketpp  process for
r&d@hngfelmn@éﬁoﬁnﬂo@uﬂ@h@@u@a cﬂﬂth@ﬁef b*é??ten@/@ﬂﬂyﬁin@'cﬁﬁol@mers in which

first co ¥ (d) feeding the effluent of (c) to a
thespsellaen onwatien #lobyiagdiormeigintiae react or: (e)

0dgEFS §?’a%e§§ﬁt 535559 g ek 5L BESLER. e, homogencous

eth@%@k%amwmﬁ@dlm@dﬂl the PA&len&Ob € Ringl@Bigk bdedallocene catalyst
operating the second reactor to polynerize the second

hawag thsfstmeieatdersnula produce a second copol ymer, wherein
t he mononers of the first anﬂ sec nd set 20 of
nononers are selected fro up consi sting of
et hyl ene, hi gher al pha-ol&fins aﬁg non- conj ugat ed
di enes and wherein the nohGmer Yroportions in the
first reactor and the second repctor are controlled so
that the first copolynmer has 0O 85 wt % et hyl ene,
the second copol yner has 0 to 8 % et hyl ene, and

0
i, SPRPLYIRG 506 058 L BaP B i SR RS Gy and o 4
moeddd¢d eflthcPoadolicr Bt of thel EleﬁiEnt@,dﬁE&eﬁlOL tahe 1f,iihddpendently, are selected
reactor. Suitable netallocene catalysts i ncl ude

fropp:NIEHEPRS) eydiersiipdiony Hprdopyttutadagyiclomgytedieny! groups bound in an 1’

bon[}l.tll ?%S@;@Ttggﬁgiy %&%@Eﬁ%ﬁéﬁﬂ%{ llt][ lgésgg)%gqgal%/l ﬁ i d ?% cyclopentadienyl or
suljstitued @rydpehtfadiehiz]) gouh; GOKMBY i WS BaltrﬁdillbtyI\@lecfe,dﬁﬁﬁn 388,'-, -CR,'-, and -
descri bes a process for solution polynerizing

C%rﬁ@ken@herﬁﬂbdﬁ/i dAEPsAgEdyere Yeiariodg Tiomd fpdrarer iatiaty eryl, silyl,
halggé{ﬁla{%dbﬁﬁgls \Mﬁggﬁlatgcp WI' %ﬁc? m&)ur%se %‘féd?gv&} 1}‘/6%[9 2 s rselected from

rst step’ & ene, propyl ene an optlonal one
hydfidee hdiog alkgl, oy parokbug carel ﬂbd)&&l]ﬁﬂleﬁa(l)ﬂimos 01 1 on2; and wherein the angle

conprising fromO to less than 1 % of di ene having .
fmsgp heniietal sisneer R bspids, anginLt llfgafﬁ{se%h%fe@f 135%nd 105°,

Ex¥ @gﬁé&f‘g‘t Ili’i@isdﬁg%e%]@t aloys St%yStl a}ldf) %tﬁ?l?lllh&@l |2 cBnium dichloride,

ep ethyl ene, a- N cOrronomer
dlcankipehtmdlenﬁnrqmmuﬁm ng dmhkbyﬂde n 0 rdndr nelivgclopetthdichyddimethylsilyl-t-butyl
2008/14412 PCEG882008/059437 presence of the sane
d§$§{ t he anobunt of vinyl norbornene added
th t % : :
[““o?%nee%% R R a B e L e omEink 18 Iyl dispersion
hav@hg r & cewecrystglliac pplaytie r(SPy oxquionbtav and) dor (am0®pﬁbu8 0e1@st5rner (AE)
nol 960f units derived fr.om vi nor bor nene

coRBeReIt. YN s BARROBPHST 5 HEGRE SoeeT o s1 of monomers in
It 5%
R AT SPt IE B  c  i
firddarcactor] 3% pbBAnatliz8ry ths effrsasgpalfymenonmre dusoluvibin ¢d produce an effluent
conpris at . on; from50 to, 90 nol % of

nbj
Cowlﬁmgeangrsag? 3@& Mﬁdéng thy ?ﬂl&% . 455candreapiong) é?edmg a second set
of Yﬁd?%hlefboﬁp feﬂ@t@ﬁnﬁlya‘l?roﬂﬁlﬁéﬁéet@ M@ééo%d &Act@r %ha(ﬁﬁi%nﬁ’lfly additional

hi gher al a olefin derived units; d) branch

solwﬁdeandoéat@yﬁaand ) palyn@rizingathe @ﬁomh seﬂmﬂ mnmmaﬂuumolutlon in the

of et ene norbornene 10 N erived unit
et o, B o bt PORRS, S&f%@) htrer feat Rorid he irst and second

Pat ent Publication No. W?2005/ 049670 di scl oses an

el astonmer conprising: (a) propylene-derived units in

an amount of at |east 60 w % based on the conbi ned

wei ght of conponents (a), (b), and (c); (b)

dlene derived units |n an anount mnthln the ‘range of

Y. Y. AN ~ 7 o - ' Y Y
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net al | ocene catal yst conpound and a non-coordi nating
anion activator with a nononer 25 m xture conpri sing
we@elgliene) at | east one al pha-olefin, and at |REEUSHNE059437
di ene; wherein said at | east one netall ocene catal yst
conmpound conprises an indenyl (I1n) conplex having the
set@ANBSRIMdr O hdtbhdsen( fréth lthe ?rouﬂ@lﬂiféd& bl %—B)emchan-wﬁgdtéh diene, 2)
the or each RL is a subsfituent of the indenyl ring In
ong oftlek tvie polymsat ks P SPshayingubsndlting peinpRraates thard €03, 3) the other
each Rl an epende

| n2 .
pofyple i JRAE SRRy R TRt % RUSRSR AR R Ving RaPatiG Bfint less than
60@ DB ATRbR@icEn@mshalsasal 0! vigHsbhdsyeedhain, and 5) the first and

ganonetaIIO|d group containing up to about 20 car bon
secane mylyragid argt incempatitdaand foon Rewe uthesd muefmlre i Supeblgerictallocene
catafﬁ)/atgrl]r?ﬁh%} raigeﬁ,]%lsm n{zlhceoglpog S se% ? rél %&Pﬁi§?ﬁlldgltly »M(Cl),,

- (@Hsﬁzgi(ﬁﬁieﬁﬂw&%%h (OhB, St heranydroRkcfl),B(@ms, i n the

direct chain between the (IniRmM ligand and the

n-(Oh 2R0prainpiropgen il e eHhET/ US2008/ 059437 ligand is 1

AP S B SRR EPLE, AR LM iy g wherin v

is @foserﬁﬂﬂerh&rgr@l@p eeisRting 6f 6 HEOARITit 0 the val ence of M
m nus 2; and each X Is a non-cycl opentadi enyl |igand

0087y i SUS |Pr@§@pé¥méﬁll9y998adlﬁglmeé@aﬂmhod Oxynkide e eqigyymer blend by
SOI]OI? é@yocg? tl %B) lu jgg tn'l%t)% ggsg 8%5‘ qq%]? Fe tgtgvlol & ffgr’ent monomers
and) al Sbashb yit Cﬁﬁtﬂﬂletitptbﬁﬁtlﬁﬁgw@rfﬁhta&dr@mdow A6 stirred tank reactor; (b)

containing up to about 20 carbon atons; provided t
addipg aynQgplinegae etglysdothy Avtiras@rishmrereEng the fﬁ@traact%rtt@ polymerize
g
the @rs{ %Oeﬂ[ %ﬁlcogg%%%s tgg%c%l%e ah %g‘lﬁ"‘eﬁﬂ&cﬁ{tﬁhfﬁg tf:) rgp%%g)%earh(c@ ?eedlng the
effﬁfénﬁd)ﬁ(fcb ta @éo@h@fcblﬁtlrﬁlbuﬁﬂy%tﬂrﬂe@aﬁﬂk reactor; (¢) feeding a second set of at
0014&» nveni ently, each R and R2 substituent is
leapioippetiticernt monomsisingGosioled pregoriony ipdii sepeil trctpt gnd optionally

ad%giﬁrgaglns%ien? 'eﬂfgiegz hopHaﬂg% &%g 11821{6?%8% %F%ogrrﬁe‘?lz% RE séeond set of

mdnyohesca rﬂiﬂ@’ducg B@Hmndmphlyﬁﬁsr awhetin)the monperf tigr fitspand second set
[ 0015] Conveni ent | Is a bridging group cont ai ni ng
of MOPBIGH A3, selegted om(}he B Qeq;péﬁgmg of wthvilane, pugher alpha-olefins and

no%@?@%%ﬁ?én%tgﬁgl\{gﬁegg}é ht§%%&}or?§e§§én@gﬁ?lﬁnygl }:hse first reactor and the

secoal acicest deanbiptdedge nhatah& st @pplymesitaylQ to 85 wt % ethylene the
hal ogeneat ed al kyl , hal ogenated 15aryl, and m xt .
SeQORE rCQB‘P lymed a9 @dﬁ\ﬁén%rﬁ Firyleag %ildaftheweagltymaﬁ glend has 6 to 85 wt %

eth%fe‘h@,l LREGRERAERIYE (i BRI heEOIRE % ©F c%bjs? 3¢dedAB&Il reactors is

addeaiC t dlhemﬁrhyfeacﬂoyl ) Buigabl mettdiiocedk phalygtsi mdridy| N-¥CHe)pSI(indenyl),
i um di chloride a
HffCGHpui w@@ﬁy)z%. |[59rlailﬁp@y@yalepﬁmdlwéhé%@ﬂm%a%mdpha?l@dm and -
qi G Rk ¢ MAQuoRgR{Ead, ment, the catal yst
(C%j§$% CO I}%sgﬁii Qﬁrth r neqallocene catal yst 20
[0008frpound Paswt Ng. 61866,@661 eesdribton puba@ss fortsetugion pMyrmalzfmg cthylene,
G oup 3, .4, or 6 transitiaq tal atom. or
prapyfeR and disnpbrane é‘t"bﬁ? YBlerizglt Apele I%@tdéwfa%?ﬁm@f@@éefh) reacting in
LBLn I HRsI R tor I
a %ﬁs t o e%ne ;p (Ebg/ceglrebﬁd, 61{%{3) o@g?’ggldf mord N¥HsO08B¥hce a polymer
commpdstion vdapriiiag domar Byto, leksy thao clamay 1% sufibBtrct bdvaitk two polymerizable
or.ganomet al | oi d, hal pcarb I- ubstit yt ed
d%trlg §ﬁa%ﬂrarhed?raseneﬁ eUb SRR ie Patscr AV i KEEE PR desting in a second
steg hétuzﬁ fd-bidkR Loond¥er and diene com rlsm vinyl norbornene in the
o8 T b B e b0 s FoRg gt jud cogen or hal ogén
radi cal, provided that two adjacent S groups nay
j oi ned to forma C4 -10 C20 rBng to give a saturated
or unsaturated polycyclic |igand; t he subscript "v"
denotes the carbon atom on the cycl opentadi enyl ring
to whi ch the substltuent S bonded and mhere there can

- T I " ..
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[ 0020] The present invention provides a process for

produci ng an el astoner conposition 5 by copol yneri zi ng
weeliglienieo wi th at | east one al pha ol efin and arCT/E88208/059437

one diene in the presence of a particular netall ocene

catal yst systemthat allows the polynerization to
praRéReesThhWishhe Ichiaf ylsﬁsy%fenﬁ] ah8@oliRi §BYinPNnorBSmésEddded in the second

herein the term’ is intended to nean the macroge
steprbgthgomarevihemn Sl eyﬁ%meztatal dienp padaskitisthp éiy&t ra@dtSh@ngeﬂtep combined;

an(f gg CrF?Oa]ﬁng%%th&}é%CIterbgb 6 hase é%rgaq;?ig ht’/h of unlts derived from

Vil 8Y®BticRE asdIg Rotglelf nb%@ffeﬁﬂéﬂ Dol % HFRE ﬂéIW&i unfts, from 50 to 90 mol
conmerci al pol ynerization reactors since it can | ead

% etbylenaderbicd upitechndta bakiace af propylephilariysdwgys.ng of t he
10088 55 PR N ThER e W RERe ARG Vibych YRER' Gomprises in

coRbREEO: A)FRELSH tb 90! HEEAf dtipasie QtRvealuplta ©l ®drh . PRA2 mol % of
at | east one diene so that the resultant olyner IS

vinyhgeibarngne ¢V HHa dtlswadalpmst e) pbalpedered highcedlpha olefin derived units; d) a
br%ﬁ]l%/lgn nt | P’ ﬁreaper ?np B";} %f ratmcoo rtrlgp | [SSRoH eofgelﬁl%yqﬁcféetle norbornene

I'ns, ene or
(ENBP’H@{@JeJdeﬂE oylk&nBan fﬁeenﬁmaef\VNBconvem ently
ected fromthe group consisting of: 1,4-hexadiene,

[00104 oclﬂlﬁtﬁﬁl?él‘?@al Bateat Ayblidation hNga @ﬁ@OS/@49ﬁ.70 discloses an elastomer

cornBrl%%? %(;a ptro Ct acgelrlevgi Uélqrs,] 01¥ ga%l?%ngtég&en%?gfl\fgele&s OD%\A c{(Q_),nbased on the

comBinbe of E(B\Bl)oneﬁfscta): Qb iihd) 0m$ dichedemied @RRen ah hiount within
VNB. 20 [0022] In some cases, it may be desirable to

thej repgealsEom . 3 i 1wt Lblbesedrayniha rcambsed ayeh of wemp@mems(a) (b), and

(c)C Qr?({ ECI) be¥h ¢l &é? @ uﬁ\lﬁ Az \Qﬁ]tount g '}'%st B avBtrb? 595%8'5% the combined

nera sul fur cur

We@ﬁ)lﬂf c@n?oh@ltﬁbegy(b)l@n&\(c)%»ﬂéﬁlﬂ lptees eldstom et h@ Is@taaﬁc polypropylene
of the nononmer mxture) is added to th
crYrSt@Hétlm a e eint by PRGedeily arHessehas d bvee and a heat of fusion of

5 known pol yneri zati on process may be used
ﬁnﬁt§9§§§5@2 he present el astoner conposition. Suitable

(000 Y MElhi st th PRndiBg ISiBatém A ppdieatidrgSerfal 8&S UT/E699.980!(A¥orney Docket
bul k, suspension, supercritical, or sol uti on
20‘31%\@/2 biS).ave st draciibad @ Recewflor qutliuplagwy etiyjene elastomer without
I
thegﬁrloﬁ ener%‘ ge‘irhs?n%”@’t\te QAR 0%hd G GREIRY &gﬁg@%ﬁ% ec%lyst system

ude a tenperature range o

coﬂhprlﬁbg) lattbrﬂ@@d &s-lﬁdm&ﬁnm@o@ﬂ n&hﬂ@bn@@uﬁd)arﬁb@ dubn-268dinating anion
E (about 350 to 3014000 kPa) and resjdence tine of )
(N ﬁéutcteat% addat brideadi ﬂ%ﬁrl@éen otxsjtrral pertsingpmperridogomprises a

cyél%?&ﬂi%ﬁ%i ?@P | ea?tf‘engrléﬁ Polfl%éngﬁ %Bfﬁlt géﬁg&osﬁg;fher%n these Cp

coapidxes have ahorgdhaal ifogmdani oajp REHIRVATBR? p)Mbe athdr€AsCp' of ligand

(C]gl r|l]§§1)1) é%}gipg)%e ﬂ?ﬂﬁ%&&%&)ﬁiﬂ) o h%usr;l(rjnecoqp;nldsﬁ§ egcr:]h I1sn d11?(?e){)|endently,

hal%g%?éﬁad’ %Jt%%gaﬁ %9&%@&9 mﬁgcr?ceagﬁﬁ esﬁ@étlgﬁt%e %ﬁﬁﬁt&%ﬂslmg or halocarbyl-

sulstihgéd drgemimablldib groupdenidining o td abouad chiben atoneaahisR2to 5, p is 1
' subetl ent, of the indenyl ring In2,

h R d . i
to Iﬁza Woll}l @@B@ﬁ&eﬁglpsg,ltuegts% qﬁiéeéﬁntd.}artgpn@twa pgtgtglcm,lpggntadlenyl ring
asslaétla%‘aatﬁgﬁékm h%ast < ﬁ'ﬁ%ﬁll t'o%é'tlﬂétr td dy 9%1%%%%% Rl 4005 about 20

ocar ganonet a group
canbomtaamm ispa badginguiro@f) suah bl tht anmbeand aaimd eadic direct chain
substityent .is bonded to the, 2- itio
bef&feetl E%tltdﬁ onldp & P}é i3 dgarten getal deKipe arvaﬁawerﬁ'}. fiom 3 to 6,

frognh%fau 4 f’ dr%, of the &Qd@t&lb% cgltfi)é' élg&bﬂtg Iaﬂ& LiH'ltsshlr’é}ﬁﬁttMatlon state,

nmber of ato I'n the rect c et ween
(IN"Rm ligand and the (In2R2p) ligand is 1 to 8, M
is atransition netal from 104G oup 3, 4, 5 or 6 of
the Periodic Table of the Elenments, or an actinide or
| ant hani de netal atomand is preferably in its highest
OX|dat|on state gis equal to the valence of M m nus
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hal ocar byl , substi tuted-hal ocar byl
hydr ocar byl - substituted organonetal | oi d, hal ocar byl -
W@ apsti#41eda ed or ganonetal | oi d, di substituted boP@HPS2008/059437
di substituted pnictogen, substituted 10 chal cogen or
hal ogen radical, provided that two adjacent S groups
cadBY i§ KhHRACH ﬁgzirf?lrafﬂd% GAddpRended@y! & Herb@argjerSX}ﬁlydrocarbyl halocarbyl,
saturated or unsaturated polycycllc I'i gand;
hydnaparby - gbstitutedd ergwe@etaﬂelde m@@mdmmbwbm@ted organometalloid or

halBé,{hgl &ﬁ%db%ﬁ e%ga ?aéltobda%roBg hcg%t?ﬁm?%@f touabouQ EO c3rbon atoms, and q

is Sqllastd theRiiSnceSof MNntifg Ty dQRPsash antble! riiitiohS®@N compounds
substituent group S" is, independently, a hydrocarbyl,

incduslgs t thyleradpish y@n b b)qlrcomgm) C@tpblprlde ethylenebis (tetrahydromdenyl)
mr%a,ntftzt tu% dlldg,la &81%1? cIie 1(§a 1Byc13n E)b?tq %til%/lsz{&lfgosl}ullrtnugn(g their hafnium and
Ua@hﬁﬂe@ﬂﬁ&@hﬁpld di substituted boron, disubstituted
nlctgg substituted chal cogen or halogen radi cal ,
[0H2byi dherording tovtbe anr’m@em itGrasgrayy ﬁ@emmfyul}doth@écget gormation in the
ive a saturated

prodﬁctl fo4['h en stornetgc mip Ioglgﬁas usjpR d bengsr, Is%c%h 4 VNge ntbe minimized

1 ufa

usihp & rﬁé‘tﬁb&!&néﬂc@tﬁly@ﬂ skeen bomprigny b patti@ldr Oritae€ hubfiButed bis-indenyl
substituent is bonded and where there can be zero to

traggiensl e compewrdandse noeﬁoqrﬁ@afmgj @nleﬁ;(N%) rgtivaierd Bhe use of this

catlalsfat S ?{el df%{ e tgr #cpd&tgfg ocna?ﬁg w’lde Va ?@ %aést%m\ar ¢ompositions, including

thdwadnac(amathne fptdpﬁl@ﬁh’ Ay coﬁlpbﬁtmﬁsud@dnwdgmepa@d hBb dillows higher
oxyhydr ocar byl - substituted organonetal | oi d or

dicna|lershngsyas- copmpaserh uiitht thessangmsti nestiblel withi ZaeaderpNatta catalysts.  In

ad(ﬁﬁgﬁ atlt R anth%t th %P%\é&o é%bgé&% C?%% gﬂﬁ%e nevi';rd‘l%g}’%'% %t(e)rn may be

retélaédrbaemhai H&Cc)a‘tdlﬁst rdoN@irs b &hiitiah @il o oflosscodd transitional metal
about 20 carbon atonsand or X1 and X2 together can be
copowidehich i losm o e aneilo 0Bfl 121 P @IS0 0B COB bR Flastomers
be@aﬁg{ﬁfe 1|rt§ @gﬂ geacﬁ%te\%s[}e {nlgeméét{) e%trb&l{t) g\gf{dh 9 alsB%hown to be potent gel
prdfﬂlilseibtatthé praanceyel UNBNt Adjustiyg thid go of the two catalysts also allows for
[0029] "Symmetrically substituted” in relation to the S
contrygh g chaindyahing(qyey a Pddeepen Eamgeapiareel AYDt t he
cyclopentadlenyl ring is substituted in the 2 and 5

MMARY (3 gauanVQ PN 5 positions with S groups

[“@33 oo gL BE iRt o8t o i Frosa Vi, RRRuSing an clastorner
cofpbRLE (R %@Q éﬁlﬂlﬁﬁlng—r%ﬁm@tlﬁgﬁlc@m& @%t@rﬁYJomprlsmlg at least one

substltuted at the 2 and the 5 positions with nethy
meaedlﬂ)certehyattalwetsmpmmél @nd @rnoslmdln@ttnedalaon tagv@ommdth a monomer

mlwgtfﬁ %m@p&%&tﬁg{&ﬁf}lg p gegﬁ,r%t? raﬁ) a- ft}%\?\}l@, elsegﬁ é&lle \(lileen 'wherein said at

leaSty 6h® @I@B’ﬂilﬂﬂb@" )éittalrybtn @orﬁﬁd’un*dec&h@@e!; tadt el @h) cdrdplEx having the
sites with g;gu s ,and be considered 10 synnetric as

genaspigfoamubsadin dn £ym@€oﬁ |W:leﬂrelpaﬁh¢ oragash R & misubstituent of the

ri.c ulk Addltlo ent, S
inGE e ol T bR Y RGBS PPy R 8 R ana 5
independcaed t Hathaldpen Nay ri ngllyuﬁ)caﬂbgzp shamtwlcahydtocarbyl-subsmuted
substi t ut ed. HO 30] Typi cal if present, each Sv is
orgapgiapieHeidmrl haledadydnubstigwed hman@metaﬂeltdagrpm eprgaining up to about 20
carfbog MR a&gaﬁ 1&s lo g %(IOf % Su stltt% ﬁgsnlé%ldgh N9 tfleh ?rpngt&%n or the 4-

center and bl set

poditig@bflitneadcd 1h@en§1]/ AB? Ml i6 al to-6; fpois leﬁéé‘(ﬂm%ts a brldglnghgroup, such
di met hy IS|Ifyt or nethylphenyIS|IyI wi Il not affect t
st'§

thas g BwBbRRefsttmefin the dpettydiam btheer . (IB&: aliigangs andnie (In’R%)
di stant placenent of the S" substituents on the
fluorenyl ring, these substitatents need not be
symetrically placed on the fluorenyl ring. Hence, the
fluorenyl ring may be substituted with up to 7
substltuents that ~may be the sane or dlfferent

N A AT A~ T L T
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[0035] In one enbodi nent, the conmpound of fornmula
(I'11) conprises at | east one of

WO awgdu4red hyl si | yl ) bi si ndenyl zi r coni um di met hyPCEIO82008/059437
rac- (di net hyl silyl) bi si ndenyl haf ni um di net hyl .
[0036] The catal yst system enployed in the present

lighPRES® €M i§ QMRNLiESn e oM Gréfp 204, 1§ 618F Blcl REBAR Table of the
conpound of formul a (1) with the net al | ocene conpound

El@ﬁenfcso enai act{nidg ordpshanidometal;tchis teheal re thel vabanenef M minus 2; and each

bsf tnﬁg régf%lgfg?t{t%&g}yé q@%ﬂ% &bﬂ 3§,01?1 p)eng%fy( laqpsdrocarby? oxyhydrocarbyl
halb@Q8y1] Ty Dhﬁﬂbé dyltsthtM@tle& ht BI%Eh&n@cﬁllélﬂe CQﬁE’HYd}ch?f)yl-substltuted

formula (I1) / or the conpound of for
organomh_@ll@drmdwmaﬂﬁrylmbmmgd otg)anomeﬁaﬂeldcﬁo@p 9@rtta19yrgt @ﬁo about 20
cargmé at%ngso%)g?e\ilﬁ rde %&P %wo %Prg?o%f)?]zna%:l? aﬂn\lNed ando boun to b[ﬁe metal atom to

I on ocene
forEPARRAGAE LS ring BEnteiAlR f¥srh aBystEiR S T &FbdMatbhe; or two X groups
present process COITPH ses a non-coordi nati ng ani on
togetienyargls dneleln, digls ngedvhe Hgang, t he term
[Oﬂlqgn C@%{V%h]{énﬁ%n%cﬁrﬁlo nd EE%EE uenatls onalt Ea%t t 0% posﬁlon or the 4-

r anSI 1 on
posi@&mb NitghsSdihtbd Gidenyll ihg, abisl 1€ ah@p & $pt 2c ezdnbam@ﬂy, cach R' and
,heutral Lew s base. 30 Cbnpatlble NCAs are those
R? hsgitieat & arimdrqfé@wéawpt tichas g mathyl pr pheny] groap.

ti for X. deco Fur her ,,t
0413} o Ve RBTT ok SRIPFL L R EwppdichBip: £ 15. o 16 clement
and QOB Rkahplel Relctrdd ifyin SGIRS-, t-CRCAUSA i- tCRQ m‘r m aherem cach R,
neutral four coordinate netall ocene conﬁoun

indspendently.by spleefad dtont hutrogeme abisnl.onyl, Ndwls alp@er}sﬁ@fieﬂdla'é,l Ralogenated
conpati ble and WO
“@%ﬁ@?T%ﬁE%%E%%?-52388/059437 stabilize the netal |l ocene

[0008] | ONCarivehietlsyatEatdtasbah@fttaligcddeScatadit CompauigEconyi@ises at least
retain sufficient lability to permt dlsplacenent by

on%mOfetWf(ém%l@rlﬁliylﬁaas(&@eqﬂyxlélnphﬁw iydanpibairepmaire d digphesider and  rac-
e L L S T T R Tl bt

[00a1T{ f i Clnegie dﬁﬁﬂo@lﬁﬁéxﬁrthslcmlyso sysuth Rbinpeikespd QMERE metallocene catalyst

neutralization of the netallocene 5 cation by Lew s
coypewyl hevigrthe peneral fermpdyneri zabl e nononers that may

be present in the polynerization pgocess. Typically,

the anion will have a nDIecuIar i ze of greater than

or equal to about 4 angstr - generating

activators of the type descyib d in EP277004 are

particularly useful in the /pres nt®pJocess [0039] In

one enbodi nent, the non-cagbrdin ng ani on activator

may be represented, by 10 the fol'\mﬁng fornula (L-Hd

" (Ad) wherein L i35 S ;

hydrogen; 15(L-H) is ;

non- coor di nati ng ani ¥ d-; and d is

an integer froml to 8 - : conponent

(L-Hd ' may include Bron%ted aC|dé such as protons or

protonated Lewi s bases or reducible Lewis acids
Wmcﬁpgble of protonatlng or abstractlng a 20 nvoiety,

Suc ryI fromthe -
wisER Pl s 28 P AR ol AP BTl R gm. or actinide meta
atopf;ecursor, resulting in a cationic transition metal

speci es. [0041] The ani on conponent Ad- includes those

eaqlila\ﬂuhﬁltum gorpulSa 1§, Mlndgpem#ﬁélﬂm e khydéocélrbylntS@é@rtutﬁﬁélﬁfdrocarbyl

halgf; Subé{ltzlcﬁi%%cfﬂ caﬁ%&, hg&roc %)yis?ub[sﬁtuteiﬁie R8s %}mme*aﬁl[ﬂlcg halocarbyl-

sub%ﬁtdté'tﬁ Slognandtslloigr Qflﬁfb@tbﬂu}édb Woldh, Oldisabstitifdt MpnREsEeR)  substituted
is 25 |n§ependently a hydride, brldged or unbridged
di al kyl am do, halide, al koxi dé, aryl oxide,
hydr ocar byl , substituted hydrocarbyl, hal ocarbyl,
substituted hal ocarbyl, and hal osubstitutedhydrocar byl
radlcals sald Q haV|ng up to 20 carbon atons with the

o, o - ~

is a



10

15

20

25

30

fromgel, by which is neant at |east 80% typically
100% by wei ght of the polynerization product can be
waele@sossmed in a hydrocarbon sol vent such as  PCT/US2008/059437
cycl ohexane, typically used to 10 di ssolve EPDM Wen
gel is present in the polynmer or if the nol ecul ar
chiBd @i tor haloyet bﬁdmag brévidebthMovo ddifcent®Eioup§mb lidined to form a C4 to
remai n undi'ssol ved even at el evated tenperatures.
C Bl togres 2 Gunated arjivosptup®dp]yriveliohgandl | conposi ti on

of the el,astoner produced t he present process .ca )
e 5 Bnr 7 B e o Tyt 1 §° SREPeRAGERAETE lo which the
sulx@fledi N$ BdnaABd aRUEyharaMiBert Ocabout z&8 &5 M%ulsiHalRknBS S, on the
fromabout 20 wt % to about 80 W% for exanple from

cydopantadigylriog:t o about 80 wt % of et hyl ene-derived

nits;.from about,15 wt %t o,about 9 %, f.or I
codff ohPaisti "SB0R 5 ¢ B udtARuBRGe op "R sy B ycrocartyl
haldBar¥§1%0 subsARedth Hétavhyto Htirdéaitlssettit@r drfBnRalod, halocarbyl-
nore C3 to C8 al pha olefins; and fromabout 0.3 to

subghisiied 10rgamomgtaliaidh dsibstigiadadwuen, 0 dBubgitaisdupnigtageny, substituted
ch. qfo e r?lFllom)ﬁ ?a(ﬁjci:a?n%bgl 54 B twid) ia 'eslc':enlt Q- NG, %nbaOd'i & Htto form a C
THEC20T Erast b iEY d&hp05| on cod%rlses rom Abeut 5t !
to @haitg td 2%y saneh@hor ahsaairiel poEcdicilipadd,uni ts, about
75 to about 95% by wei ght of propyl ene-derived units
subgadptalzo denageszhe earape atormen the fﬁ%ﬂfnyt)ﬁ@g &y Whish éhe substituent is bonded
| ene-deri j S5l:The, ethyl ] 0 he
enEhEOEAEE CHEbe Abad sk NIRRT e B i Thsttnd
A Badridgingairognrheéct ed for diene content. VNB content

i ncorporated in the polyner can 25 be determ ned by H
Qv fl SsiSENBO-6R¢lepfntadignyl digandpwd i, Bydoprndengly; mdyydrocarbyl,

ca
7. r, i |:lkab )
o R R e R R B P B S MU G drocartyt
suliBeitut@heipaiidhadialidie oAbiloadrbybstioted b @nobe ativRieprdine b@saining up to
havi ng pendant unsaturated noieties converted by

abeiyf dsgeivnatempigrovidedthieb s ppd fhanayebesiginedened bopnd g)o%ﬁ ‘metal atom

Q !
PR PRERE  Sninahine A3 T Rl 3 bR ERE, b, ana .
togethebtaniedhamgefim dislefie bastyagrtpacionposi ti on produced by

the present process is determ ned using a branching
[00184ex Iamodcr cpbpdingaf.cthe sofalygt syHan cappypes ¥ i fughergmetallocene
| a B " vf . . 3 4
co R Pl g Bl ok e P ST T G BfRrtfihch of n” and
is &eadinsubstititey tiened Biyd pinleels &l taklgtipegrslp, skole it dradingbedbf atoms in
Pol ymer .~ WO 2008/ 144120PCT/ US2008/ 059437 Sci ence and
thepgigfich elain hgtwegn ths i digapd apd theolss Yiganthssktog$.gM" (1pa fpnsition metal
L j Y i.ght .
frof e 6 L W RO, TRUCEELE, ENRICAI pFRP Rttt or lanthanide
metach il guel forthe oatbneeadfi Mh mihti2;Gald cRelr Xeata mm-cyclopentadienyl ligand

Ch h (i i gh | ecul .
an Gt JRECTERADRD, s raestibs DDAV HORGED oy B Ghe-substituted
orda¥mBRAILR nsxﬁl%gfd‘cﬁ%?ﬁﬁ‘ﬁﬂsﬂ{ +&1 T &bk é(téﬂfoiging?xhélgﬂr%yl-substituted

etector 1n conbination wth GPC an li1) intrinsic

organsmotailoid drof) comeaisimpagh torabdec2l carbat atdB5CproVied fthat s&o X' groups

t wo .measur nts (i and ii) are obtained in.a GPC . .
mayergingd prd bamddo da eal Sahpem BCtECYat JhgFonigning from about
3 t_@va%gﬂt’ 1) IC%JBBIQ ra%th%? oo )E%%é%%%a‘%@@&#b@ 9n 'o'ﬂeqﬁf,( didan or aryne

I's defined as: Bl = Mv,br "X Mw,~ DRI w, GPC LALLS x
lighdd. GPC DRI 10 where, M -v,br -(1'V/101/"a ;

and "k" and "a" are the Mark-Houw nk constants

(a=0. 759 and k= 0.000246 for ethylene, propyl ene diene

el astonmeric polyners in decalin at 135C. ). Fromthis

equation it follows that the branching index for a

i near polynmer is 1.0. For branched polyners, the

extent of branching is defined relative to the |inear

pol ymer. Since at a constant nunber average nol ecul ar

weight M (M\ -Whbranch >0\40linear, Bl for branched

15polynmers is less than 1.0, and a smaller Bl val ue

o . N o 1 o Y
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15 of a rod-like filler is glass fiber. An exanple of
a plate-like filler is mca. The addition of very
w@pmBli4qgarti cul ate fibers, commonly referred tRCEES2008/059437
nanoconposites, is also contenplated. The addition of
the fillers may change the properties of the
DEPARMSH IDESCRACFION 30 T ENVENAQONexanpl e,
conpositrons rncluding rtnorganic filler may have
[0018pr ovisel usddelraneih, gie alonibictiyg aettnreedir sheahaedio TalaGrodpreis the new

on of Qve ature
nofifighie ST oft g vl B ESPBERb BT 07 SR8 e 't o
[0620N! | Ofe prEf@it af@htidPproQfdet h'p‘r&re§s R it e oC di@itdner composition
level may lead to a dramatic increase in the viscosit
by anmola{n@@zms@bﬁlénm gwthe@tr kasleonmalpho cdefsrbid jat yeasThng diene in the
erred as .t he ol at .
prosiEeRbPar T Tan g S0 b SRy etowRl RGN E b hapymerization to
prdcB&l Reh ¢ Add Nl fsramfioh d Ak Sis@rk@bRand RnPY¥elans intended to mean the
i nprovenent in the elastic properties, and at |evels
mastqgghprqdumcb nélpn tmqrwgtlp@ meedcads bquﬁrfélsf@ﬂ doirtiethe gel fraction
ast

phds? St hEP advf Ral At B ABhifucs TR BSTer gt i Wiy ughle such gel

forefatiBfldd irhputta@f if bdhekreid gReAAENALION réddtdrs Yidee &f cahi lkd®to unusable
used. Cenerally, the percolation threshold is attained

pragiuct andecataseerdiie pluggingof therrsagipn andalosmesiticam cquipgenhan
for flllers with a larger size. [0052] The
0 . . . . .
itions described herein may contain process oi
[0021] t helnr=Aa8RNAb eny@éﬂeOthteQn&Qﬁnd@@éﬁlgloWd Weihg Iptrese@tr%t)&@@rnnclude at
2 to 200 parts by weight, or fromb5 to 150 parts
leamr@mlphwleﬁm and gieag ang Mo S}@athﬁtsthwe%argmolyr@@rls :uowurated and
caﬂaa%{ os'f eln uré/c{TEéonven ﬁdqhé Pﬁ)e Vleﬁ rc%%%%ﬁes Odle dr'hore C; to Cg alpha

nnunts may SCOSI

oleff |n§X§ublh h$ prop9fent Bﬁblﬂkﬁdﬂ (ﬂypﬁtﬁlly%rbﬁﬂiléﬂb\/ | THg: diB: is conveniently selected
properties of the bl end at tenperatures near and bel ow

frogcthe grquﬁ wapiseve@ft hdtherpdiges, pot estadianchémesthylsl dmhpsagiene, 3,7-
dlr%é?.hg)jl ? ?‘1\%@{68?2 %%yclxﬁ%t%&?wbb@%l %Iﬁadrre%%r aSt-\lIJﬁl?l 2-norbornene

(VRBOSHHARLROREDOMISRO BN B R 34(3 opbREE&S thérkofl QerddhalybVERd
naY al so i nprove processability and prOV|de a better
[0032] ancle semeetaget iilcmandetdspisiile te incssnge Kul Wr@i:ﬂ@@@%uranon along

T

impdrt Elﬁfur(o@}abil[tﬁlCﬁ6mCafb0ﬁ\t€0 Sh® albd LR Mo Vstl»%rEN)B)(@fSBd oh tﬁé)ﬁotal weight of
at | east one hetero atom such as dioctyl plithalate,
thegpepanacr naigEIrpIdp pedoddp she Sagdpipcess oi |l s have a boil i ng

PrR&thmﬁﬂnﬁ i Qﬁéﬁﬂkhﬂh Ry involatile at 200C. These
avai | abl e either as neat

[0028] i dsAny ke Elpolydicrizgiophyessahlay bahset bﬁﬁonmoettué pes@ft clastomer
these materials on an inert support@ée g.,
cogpesitien. tBifblenpelymedzationopethgdp diidede hl%hoﬁ@%lr%l flarry, gas, bulk,
Yl £ ala
su%? Hs%tl p@f:érl{ﬁg%lh ?r%vﬂﬁﬁ'cg ﬂgse Ar Egcfongt#ﬁ'%%}%%leg{e}reof Similarly, the

enlda cons

poB@eizationd Ud}ndbﬂidmche chot qu@dei}c cordlcdrimgidnerally include a ternperature
car bonaceous structures. Another fan]HiVJO of Broc

range|of ahpw 2hiar shont 8P¢aki & restwr ofakautatkip akauhe 0@ 8¥idaout 350 to
14@ r}%ﬁg afld g@r%sa%g& he WEAGH: 5%@%&&%&&%@ 10, 000.

process oils nmay also be used in the
[Oﬁmact | Tl pdlyitnbgzation én totuctedhie tiy peese off la Gtudysk dydd@n comprising
npatible or mscible with the pol ynmer bl end
at @aﬁm.m‘?@ﬁoqeﬁe pﬁélqump%m anfy HE-QBnatg Alipy activator. The at
lea, eﬁt.gée kr}lrlée?ahlrogeﬁ%?agc gtgx%tﬁ §cﬁ‘%pr?§e§‘ 1 dﬂtﬁ%nﬂ geﬁ) ?dghn%lex having the
conposi tions by any of the 15 conventional nmeans known
in the art, including the addition of all or part of
the process oil prior to recovery of the polyner, and
addition of all or part of the process oil to the
polyner as a part of a conpoundlng for t he

- o a1 o o e —
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flow stirred tank reactor (CSTR). In each case,

nmononers conpri sing ethylene, propylene and, where
W@pEBiearl e, vinyl norbornene (VNB) were m xedP@i/Uk2088/059437

sol vent (hexane) and delivered to the reactor as a

m xed feed stream The catal yst and activator were
gerfl-Bint@d (hn 900 cc of toluene and delivered to the

reactors With a metering punp. The production rate 5

was measured by tinmed EoR O& (loR PME, known wei ght of

ent an asur the S |ds cent atio
whlsin 9f0br 80 RO o DRital, S0 Men BRI STOL I ARl or agh R is
sulfs@8R@nf @Techélﬂﬂdéd?ﬁ rRfgotic teh@ R'ak) REDig, ‘ﬁﬂie?eﬂ@htly, a halogen or a
productivity was calcul ated as Catalyst Efficienc

hy@r@pz}rhﬁlr /hgloggqba], )lgz[dyocanhyésn@tlg@eﬂ argapeingtatloigaer halocarbyl-substltuted

Or%afl?lﬁlgtahﬂl% agrgﬁ%ICH hlntlnrr]ggy]g {0 aé% th éaerﬁ(%{ g{gnhsygg 6112 L ast %ne R' or R?

su@'tlﬁiénbﬁ Hen@et footht acidsitioate tl'i@h-@@éih@ﬁ ot @s Webeited indenyl ring; m is 1
control. At .the conpletion of the polynerization run,

to php iy éé@t%lR VL&@ @@@ﬁ@dgrﬁﬁﬂa jugh ﬁ]éaétt nﬂ@berg‘éﬁ atoqng ualthe direct chain

runs,, e 12 duc.
between he ﬁael? i2 an r&)r gl ml‘:t;(%ao ess %Iat’a ana Iiaﬂmt[mn metal from

Gr@lqi ymers ook afmrpdr{aﬁld TMROLF MR EaeRlsesr @1 fctmbdvet lafthanide metal
Tables | A and 2A, respectively, and the process data

atoghand keprpisraphiein itakighess px1daBor Baisar as Pausl & deplalosceapM minus 2;

ani !}?}898 ggr}%ﬁ%l ﬁ% d%% Vg n I%rsﬁro(eﬁu S;“}Eyelll g%&aéalg)yl ﬁlalocalr‘tgll hydrocarbyl-

subMEbgét drMh)omefﬁlogd]t owdﬁgﬁrma&ukmd vepgltimeMyid @ndalocarbyl-
z-average nol ecul ar weight (Mz)) were detern1ned usin

subgptipgedeorgananctalioid Spoup| BAHHNLHP dheltyh 2@ srbpseoms, provided that two

X %%#gsp{%g? b\@né(ﬁ]lﬁe)(ﬁ ﬁjdn{)(t O\?[vggtfﬁea%e{a? fa{oﬁf{olsfééa tagggt)éllgm Il_I% containing

frotedleat dto asutht 30 \¢hrdoH ARG of MIoSX. gl‘a_ltlﬁ tokgdtiedrlcan bé afi BRS$A, diolefin or
detectors as well as their calibrations have been

arygeshgande dmgypromﬂed Z@r@elaﬁ%qteeach Xgiifh nop a ppbgtitute orpunsubstituted
éﬁﬁgﬁgﬁ D§PH W G aessley, in Macronol ecul es, Vol une
) unber &', 6812- 6820, (2001), incorporated herein
[0025] r ef@(ﬁtﬁileﬁﬁntlﬁdavleﬁf‘ afldR” bitBtikat @xpsdioveitly] g@sp, such as a methyl

prepared by adding 6 grans of butyl ated hydroxy
or pbwé BEOYPBRY 1Sa§0151ﬁd dnthokipasien 105 the 4-ppsitigp Olﬁétﬁ taﬁ@cwed indenyl

M T T e
the\l\&@ntif(ﬁlﬂl Rfllhj drel Bd of higanid) IndR D) Zrenthe rsaime 20d gmasaly the entire ligands

ter @nd subsequently through a 0.1 mcr
(InT%fmI) o"ﬁldf (IntRep). aten dice Sapps santhaidha P%mawnéinpf ﬁ@m@ﬂar (1) is a bridged

&k g{ sqpre-filter/0.22 mcron Teflon filter

bm (ﬁ ﬁ%? Et%een the high pressure punp and SEC

[0(12:61 u m\@onthenf[ﬁ;ERMaa biridgingdeagscmthiting A GoupnB, e 15, or 16 clement
degasser (Phenonmenex, Model DG 4000) before entering

ang artspearlypgn ﬁ%@?erg otelactdin &oie barogy éblzf% PgeD| 1&1&1105@1 phosphorus,
t R
carblf, ML TELplafifip NPRAA HhARE e KNS S Hom —SiR'y- -
CRAi-t int 00RIRABES; argerteﬂt Rb rindapen ddndlyf 152iefeotedsfrorﬂ\|hbldrogen alkyl, aryl,
tities e neasur rawmatrlc
silyepedpgsnad allod W%&ﬁ?i%@ 2R Hﬁzsilwéﬁ re% J@@W&f/ Roris 7 $i(CHz)..
s/ vl / rat
(0039E 1 "G ReOff: clpftndiof fobtuld O3 TOhBIRE! &IKE one of rac-
(dimﬂgldm'ﬂyf)bm(ﬁ fhethyl-d-phefylimglenyl)ziwohiund ower dimethyl and rac-

. tions ing used : :
(Gi5SBa AR PCT OGS OUe DSl T U GRSl ecul ar
ghty,.s [ , 4
0L RIS o P BRRAREY U SR P bt HnEleatayst sysem
[0062] Melt Index (M) and Melt Index Ratio (MR),
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wer e measured according to ASTM D 1238 E and F. MR is
generally a function of both MNand nol ecul ar wei ght
di stribution (MAD). At a given M, a higher MR woul d
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[0069] I n Exanples 7 to 11, various m xtures of
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pol'ymeri zed using cat al YStS conpri si ng: (1)
catalystzcommauod having the general formula (II):
rac-di met hyl si |l yl bi s(2- et hyl - 4- phenyl i ndenyl )

zi rconium di net hyl (Catal yst A, and (2) 85 to
29wt % of rac-di met hyl silyl] tdenyl ) zi r coni um
di nrethyl (Catalyst C) activated*w th

N, N- di et hyl ani | i ni um o X
tetraki s(perfluoronapthyl)borat gy *30[ 0070] I nventi ve
Exanpl es 7-11 dengnstrate gatakyst A acts as a
gel suppressant in\conbi natiQn ' st C. These
pol ymers were not onhy adJ usting the
ratio of the catal ygt *chain
branchi ng | evel can Nas3 .— aNaw T, This ability
al l ows the productiord of spolynmers With very w de
| ati tude in properties, as needed for W)

wh2(8/ 144120PCT/ US2008/ 059437 the specific appl i cation
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atonP071] I n Exanples 12 to 15, catalyst A alone was used
to polynerize mixtures of 5 ethylene, propylene and
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of eth Ieneth i n Ex les .1t so th
ralgEi e S T o L BEAR G apy e Tetjpsirialoid. Ralocarbyl
subMtifled SOHafdrh@allyi@PYdifIbStifatds ttRrdd, n'dlsﬁbstﬁéite§h9ﬂﬁtdg@n substituted
Tables 1 and 2, inventive Exanples 12-15 utilizi ng VNB
chaeogeher Hirlogen mdadh peavided hhiastomdgmcehiay grogphmapngdinedyto form a Cy to

| eve] s sim/lar t tive Exanple 2
Cz‘b?%%{fr%?ﬂe 3\%{? %4 u&?%ﬁr@g% %§ygﬁ)ﬁ:‘ggaﬁsesent 10 process
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those W th and wi thout propyl ene
Cycﬁ?@%&aﬁf Yhi'?§. Exanples 12-15 al so show that the
cadheaabitudn® PG Ft gr eishamdepchaé s, eﬁfﬁﬁro@@b}qats@bytﬁﬁted hydrocarbyl,
productivity. [0072] Con'par ative Exanple
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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 (II) is defined
to mean that the cyclopentadienyl ring is substituted in the 2 and 5 positions and/or 3 and 4
positions with S groups that are of approximately of the same steric bulk. Typically the size
of these S groups are within 2 carbons of each 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 —SiR42-, -
CR"-, and - CR*-CR",-; wherein R”, independently, is selected from hydrogen, alkyl, aryl,
silyl, halogenated alkyl, halogenated aryl, and mixtures thereof.
[0032] lustrative, but not limiting, examples of suitable unsymmetrical cyclopentadienyl
metallocenes of the type described in formula (IT) above include:

u~-(CsHs), C(cyclopentadienyl)(fluorenyl)M(CHs),;

u~(CeHs), C(3-methylcyclopentadienyl)(fluorenyl )M(CHs),;

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

u~(p-triethylsilylphenyl), C(cyclopentadienyl)(3,8-di-t-butylfluorenyl) 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(InYM"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"
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
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'
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 element selected from boron, sulfur, oxygen, nitrogen, phosphorus,
carbon, silicon, germanium and selenium. In one embodiment Y is selected from —SiR42-, -
CR"-, and - CR*-CR",-; wherein R”, independently, is selected from hydrogen, alkyl, aryl,
silyl, halogenated alkyl, halogenated aryl, and mixtures thereof. Typically, Y is —=Si(CH3),.
[0035] In one embodiment, the compound of formula (IIT) 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
the metallocene compound of formula (I) with the metallocene compound of formula (II)
alone, or with the metallocene compound of formula (IIT) alone or with a combination of the
metallocene compounds (II) and (I1)
[0037] Typically, the weight ratio of the compound of formula (II) and/or the compound
of formula (III) to the compound of formula (I) in the catalyst system used in the present
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 neutral Lewis base.
"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
cation by Lewis bases 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
the following formula:

(L-H)s" (AY)

wherein

L is an neutral Lewis base;

H is hydrogen;

(L-H)"is a Bronsted acid;

A% is a 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
moiety, such as an alkyl or aryl, from the bulky ligand metallocene containing transition
metal catalyst precursor, resulting in a cationic transition metal species.

[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
independently a hydride, bridged or unbridged dialkylamido, halide, alkoxide, aryloxide,
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-
hydrocarbyl 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
cach 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] Ilustrative, but not limiting, examples of suitable activators include N,N-
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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,
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
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
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 Cg alpha olefins; and from about 0.3 to about 10 wt %, such as from
about 0.3 to about 3 wt % of onc or more diene-derived units. In one embodiment, the
clastomer 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 cthylene content of the elastomer is conveniently determined by ASTM
D3900, and is not corrected for diene content. VNB content incorporated in the polymer can
be determined by H NMR, whereas 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 moieties 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.
[0046] The relative degree of branching in the elastomer 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
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Science and Engineering, 6, 2™ edition (1986). These are: (i) My, Gpe raLLs, 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 (Mwpgr) and viscosity average molecular weight (Mv pgi) using a differential
refractive index (DRI) detector in combination with GPC and (iii) intrinsic viscosity (IV)
measured in decalin at 135°C. The first two measurements (i and ii) are 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, w, DRI

M x M

w, GPC LALLS v, GPC DRI

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 linear polymer. Since at a
constant number average molecular weight My, (Mw)branch >(Mw)iinear, Bl for branched
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.

[0048] Typically, the elastomer 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 number average molecular weight (Mn), of from about 2 to
about 20.

Additives

[0050] As will be evident to those skilled in the art, the present elastomer 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
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,
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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
which may be employed with the present invention. Those of skill in the art will appreciate
that other additives may be employed 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
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 area. 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
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 properties 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
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
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
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. 1t is believed that these potential

benefits arise 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
clastic 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
are commonly available either 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 elastomer. 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 aid 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 used 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 methods, for example using curing agents, such as peroxide that forms a
C-O-C bond or hydrosilation that forms a C-Si-C bond as is described in "Vulcanization",
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,
colorants, antioxidants, nucleators, and flow improvers using equipment such as, but not
limited to, a Carver press for melt pressing the components together, internal 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
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
procedures are well known to those 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
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.

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
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
was measured by timed collection of a known weight of effluent and measuring the solids
concentration by evaporating the solvent. From the catalyst make-up and feed rate 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
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.

[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 angle light scattering (LALLS) detector and a viscometer
(VIS). The details of these detectors as well as their calibrations have been described by, for
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
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
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 5 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 elastomer 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 1 to 3 are repeats using similar process conditions and the results
arc 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 Examples 4 and 5, the reactor
temperature has a large effect 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 properties 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)
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(cyclopentadienyl)hafnium 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
catalyst was 100wt% di(para-triethylsilyl)methylene(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
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
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
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 mixtures of ecthylene, propylene and vinyl
norbornene (VNB) were polymerized using catalysts comprising:

(1) 15 to 71wt% of rac-dimethylsilylbis(2-methyl-4-phenylindenyl) zirconium
dimethyl (Catalyst A), and

(2) 85 to 29wt% of rac-dimethylsilyl(bisindenyl)zirconium dimethyl (Catalyst C)
activated with N,N-dimethylanilinium tetrakis(perfluoronapthyl)borate.
[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 alone was used to polymerize mixtures of
cthylene, 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
process as it relates to the ability of Catalyst A to produce VNB polymers without substantial
long chain branching is valid across the entire ethylene composition range, comprising those
with and without propylene crystallinity. Examples 12-15 also show that the reactor
temperature has a large effect on catalyst productivity.

[0072] Comparative Example 5 was conducted with catalyst C alone in a larger sized
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 lead 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
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 made to the appended claims for purposes of determining the true scope of the

present invention.
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CLAIMS

What is claimed is:

1.

A process for producing an elastomer composition, the process comprising:
contacting a catalyst system comprising at least onc metallocene catalyst compound
and a non-coordinating anion activator with a monomer mixture comprising ethylene,
at least one alpha-olefin, and at least one diene; wherein said at least one metallocene
catalyst compound comprises an indenyl (In) complex having the general formula:
(Ianlm)Rs(Ianzp)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
about 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; mis 1 to 6; pis 1 to 6; R is a
bridging group, such that the number of atoms in the direct chain between the
(In'R',) ligand and the (In°R%) 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 atom; q is equal to the valence of M minus 2; and cach 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
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 groups together can be an olefin, diolefin or aryne ligand.

The process of claim 1 wherein each R' and R? substituent is bonded to the 2-position
or the 4-position of its associated indenyl ring; mis 1 or 2; and pis 1 or 2.

The process of claim 2 wherein m is 2 and p is 2.

The process of claim 1 wherein each R' and R* substituent is a hydrocarbyl group.
The process of claim 1 wherein each R' and R” substituent is a methyl or phenyl
group.

The process of claim 1 wherein R? is a bridging group containing a Group 13, 14, 15,
or 16 element.

The process of claim 1 wherein R? is selected from —SiR*,-, -CR*>-, and - CR*,-CR*,-

27



10

15

20

25

SLZ 11Z JoSZ | (t'+ 1) "I 1A Z L'9Z L91
L. Z1*0
WO 2008/144120 PCT/US2008/059437

10.

; wherein R*, independently, is selected from hydrogen, alkyl, aryl, silyl, halogenated
alkyl, halogenated aryl, and mixtures thereof.

The process of claim 1 wherein R? is —SiR%,-.

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 dimethy]l.

The process of claim 1 wherein the catalyst system comprises a further metallocene

catalyst compound having the general formula:

wherein

M’ is a Group 3, 4, 5 or 6 transition metal atom, or a lanthanide metal atom, or
actinide metal atom;

cach 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 Cyg 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;
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