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[ 00011This application clainms priority to USSN 12/184,713 filed August 1,
2008 and EP 08163326.5, filed August 29, 2008. Field of the Invention
[0002] This invention relates to a new catal yst systemthat includes a
transition metal conpound and an activator, the activator conprising a
non- coordi nati ng anion and a cyclic 10 cation. The invention also relates
t o pr ocesseditlen Cagdysy pptinyindd rasesiyrleiis Prymeizetionand rel at ed cat al yst

syst ens. Thﬁwleﬁ%&“bb%ﬁéfo%?e[r tfe fﬁﬁgfé&% drghyers produced therefrom

Background of—the Invention olynerization catal ysts are of

great use in indust ry Hence there is interest in findi ng new cat al yst
systens, ing i W@lyst activators that increase the polynerization 15
activity of and al |l ow the production of polyners having

speci fi cSprigperiti eByis spptikntias chirghpmelty ingSPWilatiS&AtE hicdhugedt dc A0 andeiRyht .

[ 0004] Cat al r f rization are often based on netall ocenes
as cat al yst(ygétpzzgfg(rgsgg&g %ﬁtblt%ﬁ%(gg activated either with the help of an

al unoxane, Bieldwifthe laperiohi vat or cont ai ning a non-coordinating anion. 20

[ 0005] EP- A- 7 4 lS i rst do unent s

pol yreri zat L% olﬁﬂcat lb g E&(E)Brr%f;alteéﬂ nga [ée Cam& et tIhoclelﬁlel&)eé’oarr%r(e)”lljSlt B Watf11 is
activat ed bgonrpeaait armlnamwdnhatar slmcmudamyg:ommmng a:mmp@neimtatmg)amnn snahg cachc

hon- Coor gl naE haqulvoxq 0 a%))rel[a{% to ICOU{letS 0 mertzln o?%ns Sin u’ch andr a done
hand, capabie®bf "$t'a A & “BRPrVE catq oynl ¢ ACht e1 st s%)% el%u?

t he ot her ttamdysoa’yktymmeﬂtel 1yvem@rﬁﬂrtlmtrc&$e§to ttterpelyﬂmtsqirocmemthcreﬁmd thus can be
di spl aced b% cgor(r)ongn}atr! él(ljvebﬁo 25 incorporated into the polynmer chain. The
activators airs of an ammoni um or phosphoni um cati on and
a borate anpars]as @ibfn ;N%eﬁEbm)no:ataiy@ﬂasredjf%ﬁdaomedh atdestal Katce mada/tmtnt@ésyln
ammoni um or . phos honl eci es. 277 004 states tha cory ate
baoe of 1 hTEERS Ut Oy SRS BT B ot B gt e T Ay E |

sol uti onsandtivityi (Ifhhepi’aetﬂ}%f alal Yo alaesprodiic ti GO Pl yadk ehaly g tshe i iegiradert@:at sucias

Ther ef or e, u est dto rel.agtively bul ky 30 conjugate Lewi s bases
to avoid c&’é%hcffl%%\‘t BC?]%tﬁ}&ImPF?&@ ‘%‘l‘f ering with the active catal yst.

[ 0006] WO 91662012 Cdtd,‘li}&tsoﬁ)esoldﬂﬁepd)ﬁhéﬂf&ﬂidri%i SenOfasd gh thdmllobaks aw carlyercul ar
wei ght distribution %QA{\D%({)O[lygt hyl ene gxs a.netall ocene/ acti vat ar
system wheFEHROPhINEE LY Atopcd &b INGIA A TRR Ao Wi AP Y B,
Cycli c, non—oﬁta@n@taln@n@mmtu@dﬁ@t,i ons are not di scl osed. [00071M A.
Gardello Ei s Stern_and I\/ark in_J. Am Che ?

1995, 119, 3‘&“&4 152911?@ 2717 e%?érlf oghot He fﬁ?t S1BE D sca?m}ga@q Hﬂtrt?anon catalysts

pol ymer i Zath@lBl it Bbiy-8hndidRRaNe chHBpdnk %e@ectwafta%y REkStionhSit N sé@idaBY fontcy PeS
of activators, including nethylalunpxane (MAO) and NCA/cation pairs. It is

suggest ed tcRBPONCA) toﬁtb?ttg‘ﬁgtﬁt?@nﬁ%ﬁ‘ﬁmft%ti’émﬁtNg ERhE SPUNERGRIE- | ae HRALIReINCA,

the choi ce (gpf odehﬁn@rﬂaﬁh%lé éF bttehbﬁlzﬂ%tthé/ ARk cé?tﬁ%ltod‘étaﬂ!;ﬁb’s&hé@ ba€ord B QfHeARind aS
certain am nes could coordinate to the netall ocene cation and thus di m ni sh

its catal ytork wekbviaoydinagy ta decomgiahesatsnianth thupican 8¢ diaeedoly # snoapgemiarbe
findi ng2al s@ofRRAIEM hdlpdiths Bkl ﬂ{eea,cumrs: Bts&l§seﬁ RRtiod Bﬁrsmfeﬁ e&gengtn 0 an
exogenous am ne base signiticantly resses the Mwv of the ymer product
as wel | as Pherehesyy sadion 2a¢ Naﬁra@@mowt@ P{%d%qeeewﬂé dlsesedgst@od t}éa&qt@fsartlhe
use of fregmkRwud BASRIpHRIELRIERE EMNR-RSY ¥bd ¥aRf 10k 8fd BonRRL¥ MRS ZRkH.ON
catal ysts. Lewi s bases can, if necessary, termnate the catalytic reaction
conpl et el y 2ctgiRevaon shaed e ot omppacnt slich $ipt &1 wbien Aad Nthiwérpl@ffsrdbly

al unoxane. d&&emﬁxé&%ﬂh%5md%§Q&%ﬁQQn&PUﬁwRﬁﬂPrh%@%%%eﬂ&i%Jh&ﬁ%&ﬁv&?ﬁﬂ a
Lewi s base and an al urnoxane. EP-A 30 910 indicates that the netal ocene
cat i on- {ewicenitraicenkisenio pyid mcctlwlen foomnd drusfnieriopae yirk thezgti veontabseause the
olefin is ymele ) GRIRALE WA hbPobmthiSuBASE AL kAOKAI0AN QO ! te
at the netal he Lew s bases used aré, anong others, am nes, ethers or
phosphlnesdeG@QQEGéB@Dﬂ@b@ﬁébeaﬂ$ﬂ%ﬁfm%@bﬁmﬁﬁﬁﬁﬁwfﬁﬁemaﬂﬂwéglﬂep@ﬁW@H
above, several authors and patent 20 applications teach the separate
addition of an am ne base to the system conprising the netall ocene
conpound, the cation/NCA activator and,'bptionally, an organoal um num
conpound. See for exanple U S. 5,817,590, and E. A. Sangi nov, A N. Panin,

S. L. Saratovski kh, N.M Bravaya, in Polyner Science, Series A (2006),

48(2), 99-106. [0010]U.S. 5,416,177 discloses the use of netall ocene
conpounds in conbination with 25 activators conprising
tris(pentafluorophenyl)borane and at | east one conpl exi ng conpound, such as
wat er, al cohols, nercaptans, silanols, and oxines, for the polynerization
of oIeflns in particular 1-hexene. Slntlar catalyst systens are discl osed
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25 resulting polyners have a high nol ecul ar wei ght and/or a high nelting
point. Ideally, such catalyst system should al so exhibit high catalytic
activity under (propylene) polynerization conditions. [0017]1t is also an
obj ect of the present invention to provide a process and a catal yst system
for use in a process for polynerizing olefins, especially propyl ene, which
process and catal yst 30 systemallow raising olefin conversion rates,

wi t hout substantially lowering the nol ecul ar wei ght of the resulting

pol ymer, t hesnprgks aagNCHdrne pe pamoponyoreen. £atlico nomsrovetgseemenyre cgfohs eicernt .
Summary of thg,dpvention [0018] This invention relates to a catalyst system
conprising a transition nmetal conpound and an activator, the activator

havi ng the f0§8Tul aM(A)Giafd&IoRFR3 ANken] 0. [ (3tyrnBndvidr ks oYk Ains Ghem. Soc. 1995,

non- coor di nat4 n i (NCA), A.is nitrogen.or. .phosphorus, . Rl d R2 are
hydrocarbyl?E¢o%%§ﬂgggﬁéﬁg?éa %ﬁb%&ﬁ?%?ﬁghéﬁhVﬂ %%d%%g?ﬂﬁggﬂpgggﬁﬁfﬁgﬁéther
form a fisr singtaBecetaocob@Ponmivherngd arious-tgpos wh bhityatoisngcmling mthyldhenoxhie @nyO)
nunber of adj ri ng. menbers nay, opti onal be .member f at. | east one
second, ar o?#éif}lg @m(%?ﬂoéllplglﬁsggttlf éugﬁ?bgeg‘ %‘gr% a}%méﬁ%i db%g?lln Oy ?lvag?ro‘%ﬁlf‘f & nithg
system of tMOAotherbrier ofi thgsminvtretheiantiair datdh maagddo @nepseeand cértdigamined | Ng
systemis fus to.said first ring,.and erei.n any atomof the first
andlor a1 SREC bR TR g Finng PP BOSH G e RIS A O o ihee

het er oat om witdthisesygdestisiuib sidtlicu fieding ndependent ths dyclarnveidris Mar @e ptebsice buent s

sel ected,fromthe group consisting of a hydrogen. atom halogen atom G to
C10°al kyll, "By O Bt it ey denrPyrie RO B Pk e e i e T
and R3 is apdiynthriagen aadvargn or CL to CLO alkyl, or R3is a Cl to G o al kylenc

roup that ect id first rin d/or tp sajd at |east. one second
2 og or v a0t oA RR ol a et aleu? o RGehirio fesiy o 4RaR B S Fiibress
fO:’ pol ymerjozinngiz@oe Qital e &oﬁllisefbhﬁs,can,l ﬁbmbissﬁn@crﬁlﬁﬁteaﬂic} &galjglﬁded'action

ol ynmeri zation condjti ons one or nore olefjn nonqners, _prefera
Doy ene: BIPK Y Ty e (oot o e SPlsg i pAare: pf BHmherar Meotwisting
and an 20 afifciosatbilis @ptife afhtamgbac cdmpoasd, dafehnadsadave aluhRR2Q] Heuad 630, t he
present inventiqgn relates to the use of a conpound of formula (1) as
defi ned abéﬁg [Hieatey o ﬁl@?t”? PERT f GHOTHEV D oPAPFefI A &h Bt Eh O rolHBr e
ol efins, prefyetabltyn Peapytl tRNGefias uasld BabRpet®vitR tHel TR BakOfRdr MBladrd@emgROoUNd.
[ 0021] The invengion furthernore relates to process for polynperizing one

or more ol &f'f A4S BEle Hhighdt biyosciarit UeEMIBe RFrIESysrS 2 &P PR Eondi ti ons
one or nor goeoef i McEMRAREE:SIidMidabhidgsGatRl #Shs rSpesic® AbHO Rl dithofs dnfi RSt | ON
netal compound and an activator of the follow ng fornulag%?): [ RAF

[ Y11, (25" weRlErtP Yradisthy sqertate ofliPhali g 28RP ofisq NCA)S SBEIA cPEPiitg digen,
phosphor us Qa1B&%gefmpduh® el tadniNT A diQHEN 1Rd, PHRRIRIOT MS ,or@RBalfiningm?2 1 f
A is oxygen, and the groups R are identical or different and are a Cl to
C3 al kyl groupounier dprrxehele het gt 7-a%e ragE Arsrrsdtaraf NaBiriin Sk Magatopkikihe
pol ymer f oNTRUBHNESCRAPREnRF S@tnck BRSiLs APRDeNI2pYbsp@Nti al |y decrease with

i ncreasi ng nononer conversion at a given reaction tenperature. [0022] The
present i nV¥HPl on @Psdd el xclases epor pherctadpicas semppamndy inagpmbytatiomeithbove-
5 descrQﬁ_be%tpfrafaﬁ;se&ﬁl?p?i-singrtlriﬂ cr%ﬁ%fobﬁ)&n'y?ﬁbrmc {rfa€a EAVLRI Bom I 0023 L&ih Bhe 1
shows wei ght average nolecul ar weight (g/nol) versus propyl ene conversion

of the res§tahixg sl yeabelsi merganmmepyibehe apbpyimet iftahs pelymersetioroel ddinduiet ed

bat ch- Wi s@.@tua LRABR Sk LoallystdQrchts Weldikclo@&r A WB basIRkbYY, bi (i ndenyl )
haf ni um di met hyl and 10 different "‘cati on/ NCA activators, both according to
t he present08lhlhentN@®Al/AZ76deVO Qlotdfpad BIQ YW4/09ak0Rksminpt eo-dataljORA P igur e
2a shows r : i : ) ol f. - i r.in a
g B et I R

haf ni und®i reoRgA-contaiingakéveg basst sich we Pppdlenylijasele at éndgledand NCAs, particularly
tetraki s(hegpt@f | uoronapht hyl )borate and two different 15 counter-cations,
tri met hyl ammoni um (according to the present invention) and

di met hyl ani01 i unM@ 8 hpBatitve) fo sadyEsptphecepritD 28 PFtaganealib cehpwsd
melting point (C of the resulting polynmer versus reaction tenperature (O
in a propyl ene polynerization reaction wth rac-di methyl silyl bis(indenyl)
haf ni um di met hyl , tetrakis(pentafl uoroptfenyl )borate and

t et raki s(hept af | uor onapht hyl ) borate 20 and two di fferent counter-cations,
trimet hyl anmoni um (according to the present invention) and

di et hyl ani li ni um (conparative), see also Exanple 2. [0026] Fi gure 3a shows
the viscosity of the resulting polyner neasured at 190C versus reaction
tenperature (C) in a propylene polynerization reaction with rac-

di met hyl si |l yl bi s(indenyl) zirconium di nethyl,

tetraki s(hept af | uoronapht hyl ) borate and two 25 di fferent counter-cations,

o b o "




tenperature (C) in a propylene polynerization reaction with

rac-di met hyl si |l yl bi s(i ndenyl) zirconium di nmet hyl,

t et raki s( hept af | uor onapht hyl ) borate and two different counter-cations, 30

trimet hyl anmoni um (according to the present invention) and

dinethylaniIiniun1(conparative), see al so Exanple 3. [00281ln Figures 2a,

2b, 3a, and 3b ' Ne3 is trimethyl. Definitions [00291For the purposes of

this invention, a "catalyst system is a conbination of different

conponent s EA¢rably akmsialiogepsh Melrowipbisei LRIPPoTE a6 BN elivaler al Restclivatorciaealigns t

system of the presenbr WINGMN i Odtat %E@ﬁﬁ@@a&ggm{ah§&§pehyl leaet T8 LiRRSE & on

nmet al conpound (al'so referred to herein as recatalyst" or catalyst

precursor ", e colpnt Bichss béiaty lanteaniyne dio ¢aﬁ0mreaaﬁ HigjoseAavhseimige nisden

i nt er changealihy) dara,@da%m BERLAARDL or (AL INRLALI LSuAlRASATRL Tes referred

to as a "co-catad agal n, 2Se three terms are all jdentical in

meani ng &andl08t3d u§e@(BﬁBéﬁBheﬁ@éaMWyweafhéwaetWm&pmmtﬁem&vmmembmWemvwm

transition LN Qb e SRt Y ve

form For capieuinERanirt AR FROKEEL ppkbubf BebhoRBl BOLER ikl

intoits camqlsomrearfoorcmaly&t@ vw&ugobd steragdetatelay al hetdocadlysps defdsedars pemptesd oﬁ/\hen

the term "cat C jr

bef ore act|%1$$%%£ME¥§&$ ers%¥H§?ﬂ%&gngﬁﬁﬁ%QQEdﬁ3§?£ﬁag?£%a.%haa%%%m%%

precat al ystysed mght fremonii fatém sacicioett drom hlemger, kiks! andranmlilkylUBBANES idefscr i be

a catal ygt/ V, ffer. a t a

catalystaanﬁgﬁﬁ @ﬁ argeC% %d% |WgB§%F%ﬂ%gZZf$%us({g%ﬁehg %C%PV%%%ﬁ%%?&%th er

char ge- bal awbitingnivoiagtfyim Thieg adthicath ghtraby sib spayfidxeagpeleepatuggesoodsyfshadr t |y

15 before or _while it ds bei ng contacted with the reactants (in the case of
pound are made

a polynerlzaglon reaction the nononers). Usually, catalysts are

commerci al I] 9014ﬂfer(ﬁhlcrar¢dn@iac$pédnmmstt helufilor Bulod anedit r'al Sceopoeulgshds. of

t he neutral neta | ocene SO nd) he SC|ent|f ang ci al

literature tf rOXP'ie(?rﬁ%c “dat gl np@q ‘“lgsA n§k(1)°rlrset AL alglryetfserIS jans. 2008,

non- act ity at2a8de-(o;. s 2005&1096%!; EANd6d toal wp (eetoabl; moeneu’tGWabeﬂ‘]et&dl rslcamiasnt o be

converted tQ its ecti.v ar n1|n ord [

MDNONET S tocoaﬁarl}(/)z %En%ra% ec la %{yc#'?]gg%ag}f)al evelog tofe Pn{:la%(/%l c%ve %mcf §atmy%f -

act ual conﬂmgmmnmmﬂpsepare@:ﬂB@nthe tranS|t|on netal conpound and the

activator uIt| ctivated cationic catalyst, a. .
count er - anﬂ@ﬂgznd%iﬁﬁﬂi?gh%P“%dH%bﬁgh?éHSWFﬁéHE?PH@‘?%@ﬁyﬁﬁ%mﬁé??W%g%P,
such as a facgetyliemihs pblasenization of diluﬁrﬂ&nfdwédmt@gch&afc kpdcificqRitngir Iﬁfd@%,m,s 51;%1 g
separately, transitio t nd and the activator, to be.conbine
aheneverd nasdad o Bel Helroue” AP RRS o i Grc apt i i G
W t h eitherhd RSuitin@PpsiykieOR pidgleles. C[&ﬁﬁomnﬁm@yleﬂ&@olﬁlﬁémmﬁérﬁﬁnc@al’abédoptbpylene
additional co one ts that are conventlon Y useﬁ in polynerization
reactions, GUER'UWLTELEFEA P%&“BBHﬁ%ﬁﬁ%?lgf TYREVREMY y, the conponents of the
cat al yst sx{aﬁem mﬂtl)’m tiekdfhiefan @sj}aar(ﬁ:tﬂeé %g‘ggtlﬁ%nﬂbﬁ ¥o prbad@w@waé{s Qd Ql’détalyﬁm id
support, such as alumna or silica sSC ven npoun that is
typically SRR O 655 He IRt BT Bﬁ|p9&¥@1€r%*ﬂlaf5015§ Shecially erﬁe,l?y T thees
(poi sonss t h@mtmgn@b@n@;sh@waﬂagﬁ aRGLulw tvblgmhﬁldroataamgtstmcmg ;%ﬂﬁlcldbéd@t Sucht ) -
Some scavengers may al so act as_activators, and they may al so be referred
to as co- a(?f‘t?]\)‘gt%i’%m shold -alsor §<pikit o 2trssrelpac ﬁ%te/éiyN‘id?fo(ﬁf%ﬁ'&f“?)o‘??lw@t”ﬁ“%’ﬁ
activator icghdxigler to forman active catal yst. [0031]For t he purposes of
th|s invention, it is understood that whenever a poly is referred to as
"conpri si ng®1Zh oftdf #lpp BrobichefrthhyasRERYentipRlogIrRfifsh mpeg%?ﬂd % HlafyReSYHePy mer
i's the pol ysmist zed %&&Hﬁﬁ%obﬂ%n%h@%hﬂn@%q@%@@fpfﬁﬁ&ﬂﬁ%ﬁmﬁ%%Q@Q%h&%&%ymww
refers to the melgﬂt aver age nol ecul ar wei he nunber average
mol ecul Ht  WeTghellem deivee tdeTinheonyersigr rage Sitios! edbiiatalNeiogRtng el malgrwsyl ar
wei ghts ar eveg;&lmlv &SSO BB MM, SBuN Blflly DmnicRAt Miym@Sak§ FlE&kst Qoder ei n
i's understood to be any contalner(s) in which a chem cal reaction occurs.
As used hef@icignt Me is methyl, Et is ethyl, t-Bu and tBu are tertiary butyl,
n-Bu and nBu are n-butyl, i pr and Pr are isopropyl, Cy is cyclohexyl, THF
(also referred to as thf) is tetrahydrofuran, Bn is benzyl, and Ph is
phenyl. 10 [0032] As used herein, the nuﬁ%ering schene for the Periodic
Tabl e Groups is as published in Chem cal and Engi neeri ng News, 63(5), 27
(1985). [0033] The ternms "radical", "group", and "substituent" arc used
i nterchangeably herein and indicate a group that is bound to a certain atom
as indicated herein. A "substituted" group is one where a hydrogen has been
repl aced by a hydrocarbyl, a heteroatom or a heteroatom containing 15
group. For exanple, nmethyl cyclopentadiene is a cyclopentadiene substituted
W th a nethyl group. [ 0034] The tern1"hydrocarby| |s used hereln to refer

. o

o o,



30 ring carbon atons and para-nethyl styrene al so has six ring carbon atons.
[ 0038] The term"am no" is used herein to refer to the group -NQ 1@, where
each of QL and Q2 is independently selected fromthe group consisting of
hydr ogen, al kyl, substituted al kyl, cycloal kyl, substituted cycl oal kyl,

het er ocycl oal kyl, substituted heterocycl oal kyl, aryl, substituted aryl,

het eroaryl, substituted heteroaryl, al koxy, aryloxy, silyl and conbinations
thereof. Detailed Description 5 [0039]This invention relates to new
cat al yst syS8ummaryefithe Invemiipny transiti on netal conpound and an activator of
formula (1) [00}:5] anphiN el e ABR G htes thfca‘?apﬁ}? Stend Eb‘ﬁﬁﬁ&fng'l iPhSifod kAl ﬁﬁn Anf
process of polynerizing one or nore olefin nonomers using a catalyst system
conpri si ng endtanapisiator.die astivadr heonpthadetmakdlan activator of fornmula (1) or
(2). The conponents of the c%ﬁﬁpy§@qs t ens accordi@g to the present

i nvention and used in the polynerization process of ‘the 10 present

i nventi ol awkerde$¥r ishaednicoordpntegdeoaiNChgr ei n bel ow. Activators and
Activation Mt hods, f tal yst Conmpounds [0040] The transition netal
conpounds aggbﬂggesg éﬁgﬁgﬁ§ield the catalytically active, cationic
transition Retmsl Rtompedudibd\dags ar iecanbmeonrdingatydonarsy!t goups anthitadethar
monorer wi | L, coordinat g, and, Lhen. be. LserLedyl Mgt he,

chain. In the process for pd?yner|2|ng 15201 efi’ns acco
i nvention, m@aemizct magatoptiomafly tbhendndietsoun stglegpe mee adcohdramrhae ¢rljlipbatic(2)g bis
U2 L BELDERLE R AOATRLSRaTEh Ao BRI, TR Rl s SRR
i 11 ustrat edorbelgowstendid Bisal tb said dnstamgpindsptearingyy 26m RI tterfostRAd/ar et least one

hydr ocar byl grqups or heteroatom contai ni ng hydrocar byl grou angd | t her
form et iy st A 8% e B8P B h oot e Y BRI e Be P
nunber of adf@eeshritly byngnaenberssubsiyucoptstioctad Frymhbe genpensisohg af alhgastenone

second, aronmti.c, or aliphatic rjng-.or aliphatic.and/ or ar icrjn ystem
of two’ or rbrE FIoRgsPRREr B LkSeSp CebBl Tl SaRM PRAS RSt e
is fusedst ang& ¢h o liydsiger itorg or NG AVhakgi or Kanya at o, pflkilhe droupshat anchear toat

| east one 25.§e%ond ring or ring S steqlis a carbon atomor a heteroatom
and may be “GUBLTTPRAMHOTRFADEAGRTF JoBT Dhe TSP e subst i t uent s sel ect ed
from t he grioem®] comhk pidsétg ibntonhkdragentoat Pedessfat pgener&inbne Gl mbe s,
alkyl, C5 to Cl15 anyl, 6 to C25 atyjalkyl, and C6 to C25 alﬁﬁ]aryl, and

R3 is a hydPBEEH aBMREIecndeh ROBEAFIIPP, cHIitRes j e a0y B ARG e
group that eaaaeetpsopyRnsalith 3Qathlystskstér RImPAGOE thasitoal detalt conpasid aidean

second rjng or rin ste Formula (2) is:[RAH' [Yr(2) wherein [Y]- is a
non-coo?@i%%?VﬂﬁOE%Fg%meﬁghbeQHEGF? & illustrated below, A is nitrogen
phosphor us [E620pXY GRRally tHeSpr&chtf infentidn RildiE0@aRe Q% FNOSRRRULS of AAAUIB (1)Sas2 i f
A is oxygen, _and the groups R are iqgntical,or di&ferent aqﬂgare a C% to C3
al kyl gr oupsfisgoeyerifes FHEEE AYSTRIRINDT SAYPRIRUSHBE RS Ry qledingt Risferagv he
new cat al ySkops)at, amudily &84 df.a tAnGSAMEEI Bgpéuntir ansi tion metal conpound and an
activator of the fornula, ( shown above, to the use of an activator_of

mul a (1) :
sai d formull®2th) e inyentiop diuthsmere 5 aipstp @i nEeresrdPalre EBsHEBEREe Phmare oMy st
system por pAbYIRY EhtadEnOlRkt PSlyman P céhdRIoAS 88S of RbrePAEMTBbAFIRIwWRh &f | NS
the process conprising contacting under polynerization conditions one or
nore ol ef i K&l YYSEMCEHIYEE as(FatERD CBFYr so8IPAEdaatd aheftreh ofdieafoliedisound
and an act igyafuereef fornula (1). 10 [0042] The present invention al so
relates to a process for polynerizing olefins the process conprising
contacting under pol ynerizati ofR«@&ditli ons one orf?hore olefins with a
catal yst SY3tRM &PTPL hehl fdGrdnatih@iFdd ey yret al conpound and an activator of
formula (2) as shown above. In this process, the weight average nol ecul ar
wei ght 8 t'hie nfeRgwalosphoy e ok¥eefeases with increasi ng nmonomer conversion
at a gi venLeagiy QRinbEIREHAbYh&us, i & ROABABOL N e cation part of formul ae
(1) and (2) as well as the anion part thereof, which is an NCA, wll be
further illustrated below. Any conbinations of cations and NCAs di scl osed
herein are suitable to be used in the processes of the present invention
and are thus incorporated herein. Activators - The Cations 20 [0044] The
cati on conponent of the activator of f orthul ae (1) or (2) above is usually a
protonated Lewi s base capabl e of protonating a noiety, such as an al kyl or
aryl, fromthe transition nmetal conpound. Thus, upon rel ease of a neutral
| eaving group (e.g. an al kane resulting fromthe conbination of a proton
donated fromthe cationic conponent of the activator and an al kyl
substituent of the transition netal conpound) a transition nmetal cation
results, 25 which is the catalytically active species. [0045]1n the
pol yneri zati on process of the present invention an activator of
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pol yneri zati on process of the present invention, the cationic conponent of
whi ch has the 10 formula [RIR2ZR1AH]', wherein A is nitrogen or phosphorus,
R1 and R2 are hydrocarbyl groups or heteroatom contai ni ng hydrocar byl
groups and together forma first, 3- to 10-nenbered non-aromatic ring with
A, wherein any nunber, preferably two, three, four or five, nore preferably
two, of adjacent ring members may optionally be members of at |east one
second, aromatic or aliphatic ring or aliphatic and/or aromatic ring system
of two or noidkthe giyss Ruikreideitisalsiddfeent pechae 215 tohe 2B@tyRwp. rihgepinothe pyorgt
systemis fused.tQosaid mlgﬁt Nh DDt BOGoWRRE %&&nrﬁcemrﬂo@fmt R8s T ddeS tnot
and/ or at |east one second ring or ring systemis a carbon atomor a

het er oat om &tbdlaiip|ly derekapevidieneicysinpanegpst onyeraen Hy ebise f@ﬁﬂcnrd?lep@gub@t ituents
sel ected fr 1he SOoMD. GONSL L] lafis 1 Qrggen AMsibalo 1to
C10 al kyl, gira%% era H%e %5&” aoqfe d%% { ryto p]? gfao %:gq%OV%‘ClO
aryl, C65todﬁmﬂmépyka$%yl and Co to C25 alkylaryl and R3 |s a hydr ogen

at om 20 or Btief Bes kﬁhﬁ¥ﬂe fawindgl t0 Cl0 al kyl ene group that connects to
said first ast second ring or ring system Since R
and R2 nay H0ZY bdﬁdetekdabwn1%eg© averdge ogelaculgphesighor(grgodr versus  propylene
oxygen) - conf ai ni.n r red r t.h are
Formng w tRsan D R o Jep MO R prddns ot Red AP RRELR Sohg g plB-

cont ai n onewn¢ ahwr emackdiutel oha:ro H@t\euﬂoaaceimet(wlsrly&ddmticrryh haﬁmzéh)w dlmathhl amd

ni trogen,an 0Xx e referred gitional nheteroatom

t hat mag Obe@lﬁfg{e] tal %%L oncegivca)lg)gssg(\)/%rd ) Or({)n 8 he prese IEIV g st We ng Com&rf%trv sai d
at | east onec&emgridl.ring or ring system Any addltronal heteroaton]
preferably og mg, ref rably bhe substituted in end

hydr ogen at@h%{orq%$nfo¥8§ W‘°“¥b Cﬂmcrg egcgdg%‘r%ﬂ W%R¥W5¥ " ¥'rHe
cation in fmom;aldna ()dl)me&admplreztoadnlmthi hﬁC-ﬁQﬂldﬂQ’\MllymlsﬁﬂddﬂMﬂ) ahdfilijim: dRRetB0, | n
formul a (1) her e W th
a being 3, 2“ak"5’(1°ema ‘,‘Or rP&gYi & %fe%é%%& Ht)a??"é%naﬁﬁhﬂ%bou‘”aéyém@ﬁ? 8@%‘%% om
or C tasq @uﬁbd(gahonsorﬁ‘mﬁ&yiammnﬁh taccotdisg toahdqytenengnoar ahdditnetonndiciug t 0
the ring fdrquwg% @éé and In a specific enbodinent, R3 is an

al kyl ene gréUPHTR: o Exogple carbon atons which is connected to the ring
formed by RDO25R2 Figund 2A. shB{VS rﬁeamagwdb@r (RS mayhcarosmdq,e palZ arer @&rsap(acaarhdﬁyl ene
groups. R and R2 fera for trc
0 v th HEHIEE D Eh T VR T ORI SR KT AT S5 groOr

i S nitrogemafrang dRhedyid tR&kE@)@ﬁiﬁﬂhﬁ)&orﬂé@l)@o@feOhmi (teazla&@(hélﬁhmfdneﬁrerm)edmteo as

"al kyl e [ oup th a bern and al so be aza-
or oxa- & kfﬁ @f BpsCoAR PR ol bRy G WEP@?@%WC@BPH‘Q 4,
5- I6 or hm&@ylﬁfﬁl{mﬁﬁ@d}cﬂ)mpﬁlﬁﬂv@\r@émtd Exafripl. vmdt h the ni trolgen St om A
Non-1imti exanpl es such ring are_piperidini pyrrol i din ium p

| per azi ni utfVPhdoll &4 1P HABET AF ﬂﬁrffburtrﬁ‘%d’& ST MU iny 0°C versus

mor phol i ni ueactigyr aeweramrem(e@)c inThe aﬂﬂb}tlér@naﬂ)olﬁﬁ&ﬁzhﬂrdnuei‘ﬁact@n Aw1tR3,rad: s in
any of these cases prefera Clto al ky nore preferably Cl to

al kyl , ever‘il”ﬂ%’i‘%b“é’rbegl(‘éii%pyzﬁf“'tu@ é‘m%ﬂ“ﬁyItetmgﬁ@e%fﬂ‘é)r‘ﬁ’ra@ft@r%’ﬁ’faﬁ Fa¢ htWO or
ethyl . B8 n@krél S@uRer-autiGhs, t @infhyAkinaRe @EBKihe B eher @y anventichd 4 4
al kyl ene group, more pref erabl){ a Cl to C3 al kylene group and nore

pr ef er abl y dEnetigggpljnsung fcomppoue).geithe B Epicconnect s to the first ring

cont ai ni ng [i27] R2rane Ao 3R Omddie Rg&md e@5t oS BE OREliItidgN GolPhrer waﬁlssr/ea&tr%m
fused to the frrst rrng Thus, [RI can also forma tricycl

struct ure, ‘FHErASFaRY embertprwlenrm@iyrredzarﬂentrﬁ@t%rwtﬁwaﬁghr@%ém(y <eﬁenwﬁy be
further substdntut @endihy1O0 ra&ragb(he@mombmﬁm%m&v aeduwg ucheéﬂeﬁtue&ﬁl&r RRRLL oned
above and may contain unsaturations, but are preferably not aromatic):

| f addi {9 offdncikétenes facceides i é@émscrtnmtcneorr) |dr<§ﬁrmorlw@nélﬁumbrcomheatarc> | east
one second gl NG RhmplkRY system structures like the follow ng, nonlimting
exanpl e (which, again, may be further substituted by one or nore

subst i t uen{®28ks rﬁlg@ﬁ-‘e@ Abdveand A" May isemctivh unsaturati ons, but 25 are
preferably not aromatic) nay be used as the cation: H+ H+ [0050] I n anot her
preferred enbodinent the ring formed by RI, R2 and Ais fused to at | east
one ot her aliphatic or aromatic ring or i ng system For exanple, in the
case that RI, R2 and A forma 5- or 6-nenbered aliphatic first ring with

t he het eroat om bei ng phosphorus or nitrogen, one or nore 5- or 6-nenbered
aromatic rings or ring systens may be fused to said first ring via adjacent
carbon atons of the first ring. [0051]In a preferred enbodi nent,

[ RIR2ZR3AFI]" is N-nethyl pynolidinium N rmethyl piperidinium

N- et hyl di hydr oi ndol i ni um or N-net hyl di hydroi soi ndol i nium 5 [0052] In
anot her pref erred errbodr rrent the catr on |n for rruI a (1) is depicted as one

Y - r 1 B o o



substituted, independently, by one or nore substituents selected fromthe
group consisting of a halogen atom Cl to o alkyl, C5 to Cl5 aryl, C6 to
C25 arylalkyl, and C6 to C25 al kylaryl. In another enbodi nent, at |east one
of the (CH) groups is replaced by a heteroatom preferably nitrogen. In a
preferred enbodi nent, the rings depicted in the fornul ae above are
saturated or 20 partially unsaturated, but are preferably not aromatic.
Al'ternately, the ring containing (CL-1"),,, (CH), and (CH), is not
aromat i c, wBeligtionse rjing containing (CHx) mmay or nmay not be aronmatic.

[ 00531The cgjhgini C St e A6k Yal.9lea WRER-GONtaGEed: Wi th: 4.0
transition @Q?%I c%oﬁrgg@uﬂgﬁ&\%ﬁ ﬁt lgén_gtgb its dpr}gt n angs%husﬁlgegﬁnﬁgﬂgkn&gﬁt ral
Lewi s base aemosn)s hetmdanthgetitre pHvide uba altive emilgstbagewlysr sygiematfi thg pfescam t he
cationic co ) A . ! HCdescr i " r.di nat e
(but not ir?@%@@Q?ﬁﬁ%ﬁgg%?ﬁgyb%géﬁgfi@Fgggl%?gkggﬂggﬁték?ﬁg%%(%%fﬁwﬁ%ﬁ%ner)
t o t he tPanyirtdelystiot adatalyW prhowdor Wk g t¢ras benpaignictabiy ndanisg tivblming used i s
believed th _bal.ance het S | 00r di ina. non- coordi nati ng
Cevi o bases BB AR R dRHURE AL S0, ERRCLARIANG BN B RPN IR |

t he present (agnwethtdcothyeei tatnesr aral dllajdettgalben abdreng enchampuscdrint@&@hageghbl)yier i ze
olefins wth. high catalytic activit roductjvity),. and/.or wherein at a

gi ven react FON Posfhal it CpRtY orRetRb R by i 00 AR e

i ncreasi ng feondive exangihy en sitioaoactaiots anteetr2 inretad lbene esogoundgtaitd garenis fdnay e
hi gh Mwv .and/ or, hi.gh | ting points. as,descrjbed in nore detail  bel ow.

1 Gosa1 e e B ORI AHDO R Pl SUBRIRE LT ool PR ErE L Bt B e
conver si on @atalykBacsivgbven tetacidtiestioheinpderatotheunastivakddustlyat(ed, tha pfecgalye) | .
Wth the catal yst .systens conprising a transition.netal .c ound and .an
activat or QP Y miltat £5TVap (Bhen thiide BpBgte MRy & S RERART SBRVEFSi on
I S positiveacovatiah, ik edst t@emnctivdielr @ady swwhidthe echgras-Bilaneagcatoal destedsirah els
conprising an activator, that is not.accordi to . formula (1) or (2

ount 1y o risgudfve b putarmton rbird Bt sfud Srb b8 bt Sas'Ehioesn the
ef f ect tibatbofdrt br whie iplsés@pcontim@ntikloihc usttags 66 thewatearfs pofynic@izatioh acactgn or

(2), preferably fornula (1), [n catalyst .systens conprisi.n trapsition
ot a1 PconpainEuERe b PR Qator EF i ERRgRErRrkEl § BT bh PoRprabe,

wi t h hi ghercoMpoaiad (&ad., thdreeusiainietilicdenchtogbernd)yred the Rgepidicahd esmemabiiitaedrd han
with conpargtive‘pata[yst‘s sienswconta%ning}conventioqgl actiyat = IS

i 11 ustrated FRi GUPEY 2% 5ARmsp U ReFler 43 Memarraglivily 88- JREragpnd 58ble)

[ 9056 g Fi nal dle}r?t;)lloaéhea@ﬁibl’v%ﬁﬂpl{as :td"lbd doavdeo gﬁﬁf@ﬁ)e&fvetchﬁgw fose ni or?eﬂ}t@ beai:tfiﬂthzm.g/

al so be o ination o t least two different activators o rmula (1
and/ or @@) I GenR P é’“f‘@be 8P P8 SHE ARRSH PR BRY diseit Le dayn Bg VTR
the sane tidcmpwiididh dréparcd drsen @& trehisitiot el cONGAuSd addsthgetivviver @k F&aiAE in an
cationic conpounds in the activators according to fornula (1) and/or (2)
can resul t Fhadodtene s s 208 B Patet A4ERgR SmPoRYS ﬂé;gli)ef&nﬁt £ 4% he
resul ting 36wy lcefdnsfrandewi@dmatd)us: BethtSeeh bo at &itt @bntPRiny MBhHaicBPe i es.
For exanmple, N nethyl pyrrolidiniumand trimethy] amoni um may be _used in
combi nat i orreP YR HER RIPALdHEd ShEHs e ta e qeRhiREViar B e st tSueEi T 19% hose
such as2} eta[s@l@i)&(liﬁ,e%bz@ﬁtlel}}% QpMBAYd WP E@RIe tRM@nsition metal compound or the activator

t etraki s(hept afl uoronapht hyl ) borate. Furthernore, in order to obtain the
same ef f ector A¥hapdditiongh cempneita ifiebiie eorveigaMbtsed IngRIYAFizafian 67 i rsuphies

cati oni c cQEReNSY cHayounls Waehinahi ke domeeend Jeett ScahBse spidm hgsyadged as a
free base. The ﬁg%<Co%rdinating ggion (Né%? 5 [00571Iﬁ§the cataﬁ?st

syst ens andRAFES IQiHEY:ibs AEAPOHCpI ot wsd s9ratt spHetspRedRRr Silis¥ent i on [Yr  in
formul ae (10o38d (a2)cal G BANOERONHM ML i m%i@my QBdddNGAcilitd R G olyRk M ation by
"non-coordi nati ng ani on” nmeans an ani on that does not coordinate to the
metal citi oerversitehispertie (paisons tha pepldgreswise sradi Wish detcatatyNerngeteadtivtaty-on,
but only wegkl YeavMebrsSnd afo UsUBlbhaloR, &id UG May ALHR £RHLKY).s BOLABADKE Of
stabilizing the active Catal yst species which'is formed when the conpound
and the 10 cereetivgiar oey by escd SrioniaeiionSathdnaefiveivr frugderde for apactyaftplyitent | y

| abil e to be displaced by unsaturated nononers. Further, the anion will not
transfer an anionic substituent or fragnent to the cation of the transition
nmetal conmpound as to cause it to forma heutral transition netal conpound
and a neutral by-product fromthe anion. Thus, suitable NCAs are those

whi ch are not degraded to neutrality when the initially formed conpl ex
deconposes. Two cl asses of conpati ble NCAs 15 useful herein have been
disclosed e.g. in EP-A-0 277 003 and EP- A-0277 004. They include: 1)

ani oni ¢ coordi nati on conpl exes conprising a plurality of lipophilic

radi cal s covalently coordinated to and shielding a central charge-bearing
metal or netalloid core, and 2) anions conprising a plurality of boron

oy . A1 -l



15 conponent of the activator of forrmula (1) or (2) as defined herei nabove.

Thus, any conbi nation of preferred conponents [Y] and preferred conponents

[ RLR2ZR3AH] or [RnAHJ- are considered to be disclosed and suitable in the

processes of the present invention. Preferred Activators 100621Preferred

activators of formula (1) in the catalyst systens of the present invention

20 and used in the polynerization processes of the present invention are

those wherein Ais nitrogen, R and R2 together are a -(CH2)a- group with a

being 3, 4, [03llor Bor Gnduress HLchis imzntiqs, it saungdersiosd Ak ytheneyad 2 [pefynies is

[ 13( RA) 41, Wik Ry %4a.sb%brﬂﬁns%{}, ah Ylergk bP YR Ghorfdnets %tdléﬂﬁgﬁgeﬂr&{ he%ro r tsotfle

whi ch the one or nore substituents are identical ferent ‘a are

sel ect ed frpHymérEegfosnpt demeiifigor piferaghonginky Fespegiiydly. My edbre épethe areight average

hal ogenat ed @fg&llar ?Qghthﬂ {’U t'tbé' tﬁlrrr%l g{;&%@ mol@&qjar%et tengr@fglté’ 4ZI a%et% ¢

per hal ogenated ary rou nor e pre erably a perflu ri nat ed ary %

mor e pr efSer mblegulpentigft] uot opkeryl weiblspeaf &/mol onep letheypyisonoted. A reactor as

per f | uor obi e ?j S

ransi tion Aorar kel ARey LRSS, ROl PLEN P, SRR TR R

syst ens of mhehgmeednmunﬂwﬂnWMeﬂhy{GﬁﬁawPBeﬁ@nmedyawwivéhUanBnmﬂnwuwl

catal yst sy I u he

polynerlzat?%%ﬂﬁ?eg%égea%k 3&gémk%e§ne?%§%$eH%%gﬁxiéeﬂﬁhbégﬂl mﬁnﬂlb 4

ni trogen, nbengyl3nd&hlis geops R are identical and are nethyl ethyl or

i soprop b [ YT, R4).41 bei o

substltﬁPed H J ¢%ﬁW&§§?n enﬁmﬁﬁeggﬁgm%gwﬁ%ﬁ%ngﬁ g?m?ueﬁ§§mé?guy33% i ca

or d|fferen(hamddameEsghemhgd%®$6&®bhﬁ(gméhp conS|st|ng of alkyl, aryl, a

hal ogen at al en ated l,,..and, hal, aa \ and referab y R4

is a perhal 3hate 6@0%” HPe B ?%Eéhrﬁ %?gﬁgfﬁﬂgyﬁﬁét RS anJ

group, nDrenmbaéegmb¢ympehmaﬁhmmb@@hemyhabhepﬁanM@momaphmhwthﬁmm1smm

per fl uor obi phen Pr ef er.ab se a t|v tors_ are ¢ -

ranst i on Meray haresbE R FoleA e ARkl ThBuRefoF S R bRReRe' Sl

syst ens 16f grove. pF@seahplenwehyl golopentlidndlid a cydiepcpaliymesibzatcowifaronesgl of

the present invention, in addition to the preferred activators of formul a

(D) nmenti o€ n the precedlng par agraph al so the activators of fornula (2)

&ﬂere|n ?Yusmnqgrg@engﬁmdt@mbuﬁmpmps1Bganemmdemtm&ﬁ“byaﬁemh&?aﬂkgehhww dand
erein r efined as ip the precedin are prefera se

Agai n, t heSuPBET\ St T dhys S pfia thomutsion e diiRior ek POl o, g

as expl ai neglcliresleyinalkekospalkcte, faim, th evetiadsadrylSgrogpss hapmf Us&E grduipt hey be

polynerh ation process of t%e present invention. Transition Metal Conpounds

[ 00651A @ PRS B HOWRY U C orpound  capabl e of catal yzing a reaction such

as a pol youss| zatThe ferfh €AY W usedlRBdin Ckfey &t dnQMipiakic Aan@Bdd of dih&dr, S-cyclic

descri bed abo&i is suitable for use in 15 the present invention. Transition

metal  conpdlREeic RASHRCHLY A X BicesreleingpEbp e?CétbP@atoeeﬁﬁat?th@aB&éwﬁ%g to

t he presentunldy grtified othMeli@l HeRGE Neikyl” Jsp&ﬁﬁlﬁmctmsadnbmerg%@em@ﬁ&n(1al SO
referred to as netall ocenes, netafl ocene cataly grecursors or catal yst

precur sor s)° dSrrrabl o o 9, @%@Praw‘gfﬂﬁm\mnt htOt g atoms, gncgpngcidigplly
preferabiy neysh, %ﬂtMﬁW$ro%rismﬂyY%tﬂfn bl R o by 1, gstmﬁomomtaﬂ elﬂ%fl ni-um

Useful netallocenes (e.g. titanocenes, zirconocenes and hafnocenes be

r epr esent edYBgPertb hesily ‘bk}ﬁxﬁ]g“f)]éf‘rxﬁhlc&e‘) exyls bERRyLinEpid isphexyl, axplabapihy Ol?/fylls t he
et al cent @locty®Mchoes 1, &yEoQUA, ﬂod}?t@ﬂonypﬁs%B&{ﬂMdylt hidéd”jr'l UBB-del I SRINnMMOr 25
haf ni um preferably zirconiumor hafniumwhen L1 and L2 are present and
preferablyTWPFﬁﬁVﬁﬁﬁvh%ﬁﬁ?eﬁ@fﬁﬁé%éhﬂanﬁk9§”ﬂmﬁﬁwmt T is an optional

bri dgi ng gi@ide) Wnireh terh frai e §0d, hekdin BY RELNS 84 alemaedgtnsehte%tl @m@@hﬁ%eq from
di al kyl silyl, dlaryIS|IyI, di al kyl met hyl, ethyle - CH2- CHz-

hydr ocatby BB PSP TR OF BRSSOt Ings Hrlieh &P ﬁfse(t:tog@tflert Prvaleyidde b@eﬁ @t ons
in ethyl enyhiQnea susbh gtat,igtw% Mfith%ﬁt Qtyéthywtta%&cty?’Ontty&,m&ﬁnhxtng%?dtpbe

i ndependently Cl to Cl16 al phenyl, tolyl, xylyl and the |ike, and
when T is presgepbe d@%bﬂrwhtsanwtzomp@%émwn e digciyiothorr Zberomaie ring(fits o
form - 17- L1 and L2 are the sane or different cycl opentadi enyl, indenyl,

t et rahydroi ndenyl or fluorenyl rings, optlonally substi tuted, that are each
bonded to M or Li and L2 are the same of different cyclopentadlenyl

i ndenyl, tetrahydroindenyl or fluorenyl, which are optionally substltuted,
in which any two adjacent R groups on these rings are optionally joined to
forma substituted or 5 unsubstituted, saturated, partially unsaturated, or
aromatic cyclic or polycyclic substituent; Z is nitrogen, oxygen or
phosphorus (preferably nitrogen); R is a cyclic linear or branched Cl to
C4°) alkyl or substituted al kyl group (preferably Z-R forma

cycl ododecyl am do group); X1 and X2 are, |ndependently, hydrogen, hal ogen,

A~ S



10 hal ogen atom Cl to Cl0 alkyl, C5 to C15 aryl, C6 to C25 aryl al kyl, and
C6 to C25 alkylaryl. Mre preferably, the nmetal is zirconiumor hafnium L
and L2 are unsubstituted or substituted indenyl radicals, Tis

di al kyl siladiyl, and X1 and X2 are both hal ogen or C1 to C3 al kyl .
Preferably, these conpounds are in the rac-form [0070]Illustrative, but
not limting exanples of preferred stereospecific netallocene 15 conpounds
are the racem c isoners of dlnethyIS|Ibe|s(|nden¥ net al di chl ori de,

-di et hyl ormdﬁdl%ﬂ%ylllcnwa}é?h&% fugeenpe trdpnyl. dinhicesdndiphanylgihpie SHY lutost. HAflni um
preferably haf BlbgpiRho LGBMN Wilerd T UfleRab LBt Rfidc¥wiBE SLRIT, efle tBRL -LRS

i ndenyl radicals are not substituted by any further substituents. However,

in certai n wapbeillreriusies hesethaping fderiyto 3§r mfp@bhﬁ;ﬂﬂaﬁ o2 eore pifeeldy from S
' ndependent y’700 (Flglgllgd)q Elatfk)}ln %enﬁ Féﬂ)o dt&?@%}ltkrlllgig@qw ary?mg?hg%l 6 {onpjenyl

2-met hyl, 44

2- et hy| 443¢ar®n pmy obmayﬂpmﬁyqlm nd.bwyptoms "Substituted aryl" refers to aryl as just
g Insgr ngéyc?L&4§[£§§ 1[55\9&8& h{%&e%gﬁfﬁ i\‘?ﬁg}e/onan? carbon arc, independently of cach other,
2-1s0-but y]_ncpilﬂ@'d By odi wblegym@nyqu]:ﬁ m@ieﬂrﬂgyll substituted alkyl, cycloalkyl, substituted

gu?ylbl[')lﬁlgﬁyﬁcﬁ, ) %lyl%e%}o ng%iéle}ﬁ%ﬁ t& Edﬁc%f clgfllﬁﬁgglaﬂ% L dﬁ%al(‘;ﬁen Luc&l as

2-ethyl- 443hydt'§i‘<yld,| phoplﬁemy,l gjh@qyyl arylngbenyﬂnmo— thio- and both saturated and unsaturated

Shgnf/)Ir gﬁéﬁy yI : n%}%%oc Ilbogh%g%ﬂl Qgefﬂ ng]tlpq eﬂé\!natlc r1111 r(el%g ?é cﬁlé ’0§Ilihl§gd_t025
2- sec- but y lecotd®1, 5bupd$qgh@nyi| rpd:tby‘lpﬂel (pr ‘moiety. The linking group mdy also be a

2-tert-but yc]arb% ] suchS%s 1?. CX]B Eexg! egq elonl dﬁ\n%erg} ;%ﬂg lAcllulﬁgS aTFHlafflC roups

illustrative, es o] St er eospecl
netalIocenemcbmpgundsxaneeﬂhenmamsnhmmuson@msno&qgmlImoqmmmsorSMﬁn Non-

9- S|Iafluoren | bi s(i ndenyl taI di chl ori de ieth

wherein thellml ?%Fm£nl?lqéﬁ%%%$6§1¥%%ﬁ?ﬁﬁwgg ﬁ %IU %k meihm’ ]%§¥w?%ﬁed
|ndenyl15adwuéhgl@ynmao1@&%&ﬂﬂubgﬂhﬂﬂpb@ﬁ@%ﬁm¢lpynmsﬁnwy@MMGdimamﬁ&mwl
however the,two .inde ce dependently of each

ot her, by éﬁ?ﬂz}nqhgﬂéﬁ5g¥ﬁggﬁé ‘éopgﬁynggﬁlggfhﬂ?lsted above.
[0071]Partuomharlwhpmeﬁerm@pgﬂehﬁhk@same&yasﬁmman&mhmomnmebﬁhMﬁmm@ammms for

i th t t t f th t t th t
acti vat or s BRI RE T IO TBPS (o5 GeMiena a0 EoF GE e T SOt gt G
ol efins aremkanmdmmnﬁmwbsﬂmmﬁ&hm&dndenyhhmhaﬁMﬁggmqsbmmmsazakymmqg@nas

rac-di hyIS|I | bi s(2-neth hen l.i nde haf noce i rconocenes,
oy S A AT S et A G R A %ﬁ%fcaé%dgw and
rac- dl net hyin§$ bﬁ/ﬂhb irigig Zystdﬂfetnhy il-seﬂcé’taﬂﬁlbﬁky bil Meke mké{c)Odfb&fsnﬁmE AeS8itdfen, oxygen,
-2|rconocenﬁ wher ei BE én u Zi, rconi um net a mbs substltute%
addition t &IPIRBOH} P (P ‘ﬂi‘ér‘?ijnPl}““% GBYPY EgEATe MRS YIS £l Sk may be
subst i t uentsgbstivdddchy aﬁeeohaio@eggmupsos@harsa@m alvktaticallgl, Beonikie saisafted or

al kyl groups, ferably and/ et hyl grou e t hese
addi ti onal ¥ﬂ?f@fﬁ E %ycéﬂ“ng(y o*tullibtlf‘i’fF(grqeﬁé‘)c%ﬁoaglfyin@d@ﬁenbdkﬁ’ kP‘hg’lg%{ﬂll SUSR ips.
garti ﬁ uilzar :hyclhgiﬁf %g@dlnﬁr %m?ixpl Qﬂyd HBL dmiGONPEBNES Bt saturated and unsaturated
I met nyl si I.S(1 nden af ni. um di ne
rac- di met hmsWi(hBFagkqnﬁd%fwfre) FPREGT dff%flfr&flwf the ring system, the above-provided
rac- et hyl eqyfibiigifndenyt dz 1.09M WaarghgreieMilnbe@dtarbon atoms apply as well. A ring
rac- ethylenylbls(lnden | ) haf ni um di net hyl . [0072]Illustrat|ve ut not
limting ex&¥fpl & ‘b?onﬁf‘éf’fetf“? @ﬁb%ﬁwgtt@fléargﬁéﬁtf FASt HO{THED Gt SIS CHPRPIPEY s
tar f: [1g i geh hs?/e{ %kﬂoFgm %ﬁat(lt it aredybd Gaecdiapent 3l BB Yddrildhy € bagodesyd rrido) | me
a i hal i de i me
| anedi yI4 t 80§ %@WW@%ﬁ%ﬁ‘éwl%ma&o byy FamraakAREsal di hal i de,
[ di met hyl sigapedi yid fah Fammshy e akbRpeotad @avd drb Qﬁ%@w&yﬂ o (yelnal
di hal i de, m@ereln the metal is Zr, Hf, or Ti, preferabl and the halide
i s preferablys EHERsPiTEY oplegpbiPiehe poor spaytiag ﬁf é?‘é?%eéddléhlbti&i*%‘éﬁfi Alyhe
transition nmetal conpound is a bridged or unbridged bls(substltuted or
unsubstituted indenyl) hafniumdialkyt or dihalide. 20 [0074]Finally, also
non- net al | ocene conpounds that are acti Ve in catalyzing olefin
pol ymeri zation reactions are suitable as the transition nmetal conpound in
the catal yst systens and the processes of the present invention. A
particularly preferred species of non-netall ocene catal ysts are the pyridyl
am nes disclosed e.g. in WO 03/040201. Preferred Catal yst Systens 25
[ 0075] Pref erred conbi nations of transition nmetal conpound and activator in
the catal yst systenms for ol efin polynerization according to the present
|nvent|on conprlse the follomnng conponents a netallocene conpound

Y T T . .



5 substituted or unsubstituted al kyl group, and a substituted or
unsubstituted aryl group (preferably a substituted or unsubstituted al kyl

or a substituted or unsubstituted aryl group). In a preferred enbodi nrent R2
i s hydrogen. In another preferred enbodi nent R2 and R4 are hydrogen. In
anot her preferred enbodinent R2 is hydrogen and R4 is Cl to C20 al kyl
(preferably nmethyl) or an aryl group (such as substituted or unsubstituted

phenyl). In another preferred enbodi nent R2 10 and R4 are nethy

anot her enb&EHt: R@”@HﬁdFﬁY%W@@%oﬂwﬁéﬁhN¢MkﬂhﬁSwﬁﬁﬂbérI@Hﬁﬁaﬂ%@ﬁﬂ RQﬂts
not met hyl . Sdbﬁtté‘t@@taﬂ@r hREBEr ! rsﬁSLu%'EQQtOQété}Ed?%b alﬁ%xy, Rﬁly 085,51@5 an@ RO 5AacRAE
hydrogen and R2 i's substitutéd or unsubstituted alkyl or Substituted or
unsubsti t ut @greakyl (preferably methyl). In another preferred enbodiment,

R2, R3, RS, pRGile@p&cRbtidf € hydrogen and R4 is substituted or unsubst i t ut ed
aIkyI or substitured or unsubstituted aryl (preferably nethyl or phenyl).

15 10078% AWQ3?iat allystineypare rglatess i triewg cdtalpin SFYME aPTigied on trefsitioe metal
preferred REERG) SOTRRHAChy Rl n{)?ﬁﬁ GbERLLAN! fic GOTRAREMioPlid Mfites 1o
activator an erred anioni c conmponent o e activator nmentioned in the
pr ecedi ng pap@mbapﬁp@ktatrtzntgeoremplmm olefn diosohas edngandatamy shecrusedptivng a
accor dance r ent ] rbzatio r re
o1 ot - oo e A e P S o b BRE R
used with théelshmeteos a@0rddigfte dreententatantioncehecd )n thspayaerpation wrcsAddithd onal
Activatqps [ 007Z9].Fhe, aq@tgtm n?%&tegig@ﬂ fukhaplg for all aspects of the

pr esent i nvent i on nay contain tion to the transition nmetal conpound
and t he actAstir 2318 Ale | Ggalpsd dioimiponeds (addi ti onal actlvators
or scaveng the fol]own 0030] A.C ator is a
conpound cdbaﬁp a?i tlglnmm'ﬁm“?y%55| E%%W%%tL)yég'@$ szde%/ 3? when
used in conbhmath@mnmnmhwanmamnmvammuga&naacbmﬂemUGmamySMMwQaﬁmmwedrwﬂb-
activators c!oroldnlé c Xane?ed 11t entrévgtpledoll rrrllettclt]lgtnf t COV\rII cn for q alerLtjzrtn num
al kyl s as furdb ST G, AN moxané™ pre erdb? rerd ¢

aIunlnunﬁcoﬂwbumdmnbmgmsbnmedmbywmhaagemanabrbbﬁaﬁﬂ@w@@@ﬁ%HMﬁmmumebcm i's
a cyclic co 529”&:toaﬁ1§%t%¥ﬁn%qu %ﬁ%&gz n\(lithlch is a linear conpound. Most
comon aIu ane M % ¥ Phe cy B4 and 1i near conmpounds. In 5 the
gener al alunnxaﬁmmﬁmwmmba | VIR'8’R’adidpendent |y a Cl-Qm al kyl radical, for

exanpl e, nmethyl but ent hereof, and the
T ker and g Y e RPN L RER S PeY BRI R o rethyl  and
"n" is at heasmK@mnNﬁmb%mo@Luanane (MAO as well as nDdlfled MAO, referred

to herei Q. cont ai ni sone hi gher al

ot upi 1 Py T GBI ot Bitbarba” Srod8 Bt osr tes i SaBEwl T Bt HE e

her ei n. Parfbincalise, I3ytom) m&efeddd AAGrdanc bieg whmba&netfémfcnp mtﬁbbe’ﬁadtjhcenu dhga 10
wt % sol ution in tol ue activators are typically onl

Conbi nat | OTSHIER P ey AR bt i PREoIh Frmt & st g o

pr e- cat al ysitiphasic B0f/orarchdiiy dinh @ S@tdaydf tab oflinBiednigsl evheimakat le[aﬁ%a}elcﬁhdslﬁfge

enbodi nrents of the invention, qV{s}caven gers may be used #%fﬁcte@n" t he

reaction of" &R SHES Bridse HastihEHY dngtd e F0qm 8f the firti@nd/gt #il§ast ongnd

deacti vai e stdond TR stalrmg&dyagurrts RM aObn bﬁb’rﬁ) rm ad ktytcro@@momg mtmaz b efibstitvas

scavengers are represente t he ener g Z er i s

al uni num or™45BFG: typlp st o fC@bﬂ%ﬁt&w r%t 9, tﬁt BPURRY SIS O%?‘W%m

ethyl, propwm, hﬁ@@dﬁ' atorREN Y ICy, AR, ¢,S0 RS Syl b@etroetgt aryBNG1, A€ 0, & €5 alkylaryl,

independentlg Rx or a different univalent anionic |ligand such as hal ogen

(d, Br | Y% al koxi de (OW and the like. More preferred al um num al kyl's

i nclude tr IRE iyl yatdaen Etblﬂi’ﬂor @hl etdy hiad1usi Rfugn ¢ loarj 8lRylertoidtipahd Bb e stiNo2id
dichloride, tri-iso-butylalumnum tri-n-octylal um num

tri-n- h@&yl%ﬂﬂﬂ$ﬁ@ﬁlWT#%%t%@b%FuﬁPWUW%dbdmééﬁbWhat|ons t hereof Preferred

boron al kyl's i nedrthdR (tyik-et hyl[rox@rt.[ypcavengi ng ¢pnpounds nay al so be
al unoxanes and, nodi fied al unoxanes i ncl udi ng nethylalunnxane and nodified

met hyl al umS%&iRE. [YNEE hort-@prdprEparieiy Nedb &b Wers%tléﬁfi bdlgwi 0082] The cat al yst
systens of the present invention can be prepared according to nethods known
in the art. For obtaining the cations of the activators of formula (1) or
(2) as defined herei nabove, for exanple Yhmoni um cati ons can be provi ded as
salts that can be synthesized by the reaction of an amine with an acid in
whi ch the conjugate base of the acid remains as the counteranion or is
exchanged with other anions. See "Organic Chem stry", Pine et al. 4th
edition, 30 MG awHi I, 1980. A useful synthesis for exanple is the
reaction of a slight excess of HClL (as an Et20 solution) with the amne in
hexanes resulting in the imedi ate precipitation of the am ne

hydr ochl ori de. The chlorlde can be replaced by anlon exchange with a

b o Y o ~ 1




[ 0087] Preferably the supports have been cal ci ned at tenperatures above 500
C, preferably above 550 C, preferably at 600 C or above, preferably above
650 C, preferably at 700 C or 5 above, preferably above 750 C, preferably
at 800 C or above. [0088]In an alternate enbodi nent, the supports have been
cal cined at tenperatures above 200 C, preferably above 300 C, preferably at
400 C or above. [0089] I n anot her enbodi nent, the supports have not been

cal cined. Method of Supporting Catal yst Systen1 10 [0090] The cat al yst
systems of fHenrprranthioghons 8 ¢iygport ed on” a suitabl e support as expl ai ned
herC'nabOVen%%QPAQ$ﬂgogﬁcﬁB&»gRLRQ%ﬁnKD@Hﬂ\k%x%ﬂﬁ art. Typically a support
is first nodified with reagen that react wit égroxy groups to render
these | ess #eldbe §roers\ %fﬁldﬁﬁéalc%tdlfﬁfﬁnédﬁdrda%%?:t@@na kgpureonpl ex. Such
reagents woyygi nchédﬁre&wmvamqwlp%mﬁugg el Fliy ne%alcaug ke (efier
reagents woul d i ncl ude 0] 'anes ontaining Si-H anes
of the 15 gerenriaing faepificn r@@w@lnlyoune‘,ﬁnmacgmmﬁ ﬁlﬁfsfomén!?c(l) Sm@mabwev@ttm of
formil a (1) Qo he)a k@l bR Bl RG e iy WEnLEANSLAT O,

preferably %ﬁe net%ﬁ?@cgn%ﬂigﬁn% g@parﬁte st ep 3%& gﬁ @h g@%ﬁ%é/on tﬁ
modi fi ed sur}ypf@mt for Apckanerizhig oleGavsiand do aretrabss conpobmrizipg efleffrablhy trbesss

nct al | ocene r t i p f t he
activator. Alter ngt(:% ?@eﬁqﬂg utﬂﬁ% @é%@%g&%gl %%gdlgg% %dr t(gejrdI§l ngr(ggﬁm QﬂLQV}{%{A&Q Y)f/
support ed f&ybﬂemwemp@yngﬁeanmom mataksiotpowndmed ai actigaporfieniuiaé). met al | ocene) .
pol yrror 1 at Weieof sd e iRl R PUERIMEREL pREC G IR BRe AT feflent
unsat ur at edcompnieing rcenthdmg ngdefrruﬂfmnkrltzumocoo@nwnorat amporeprlefneral y @tatyst 12
carbon ato f I : . nQuer s
ncl ude || ngse R YR L RLEREM oBld G85P R B Y b S8 ERRR B
ol efins; |ilnghis prdmcasndhewlmglrt avyt@gq mohtplnjhremlghi ofl tho@alymbr &meobd thearases ywathi ¢
alpha-oneg | i.ne br an lic polyenes. Preferred
nononer s iﬁgﬂuiggg%gﬁggﬁ: “mV§e§HmTKm&mnqng%”ﬁe§e but cne- 1, pentene-1,

4- et hylls pefe4She- Bothibx ecmeﬂ ]D;IIT Of:fbﬂm&&e](,l) dﬂc{é)ms-wibll a8thaebiby bdrpﬁﬂxteeﬁle/hfbh is

nor bonene, n Vi rborn ene n

—— qu%’g‘é’jqf l? Fui’thm 1m{ tra{1 8 chw I corrnglélatlom %#‘ c% Ong dlil(ﬁ 5@ S ;95 sﬁFoF%il at es
to the honﬁmmmyaemnmmtmmmam&detmgbﬁmﬁ&ﬂmfﬂh@mﬁﬂpohymnmmzammMMHmkothmMene
w th at qu9t one conononer having from3 to 8 carbon atons, preferably 4
to 7 carbon afOHB Particularly, the conononers are propylene but ene- 1,

4- et hyl - pexttieners- TiR-@aiohy| - pent enc- 1, hexene-1 and octenc-1, the nore

referr i hexene-1, butene-1 and octene-1. Prefera t he
P ororongl (J504aP "SRG spRat ol il SetbeReiT b L4l St gy ol 0
pref erabl y plotbiatedOLdWAE Hase prapdohs abetohatirig 2 thoiBdy, Yuct] AOABhikpl anetyhefom the

preferred enbodi nent the ss of th S invention relates to the 5
Poropol yredoRibRest CHrRBYT R PP e BBl § AT dENGR B by TRk

t he case ofres@mfm@lﬁysnﬁm &ﬂﬁbuﬁtﬂon biheproRanQIsIfroaf tht baicaRREMYSRA! dfShddcaifsrabl y
et hyl ene and/ or @%94 o) ; %near braqghed or cyclic nnnonf and |n one
enbodi ment ¢ 24 & ‘H’D@T?“ of e pransitiop sl A PAYIh &- BIEHSTh mel3t Sttion ABTWS:
but ene, 2penthedas thbexepssalleptveBrcicoCt ene, nonene, decene, dodecene, 4-

met hyl - pentene-1, 3-nethyl pentene-1, 3,5, 5- trlnethyl-hexene 1, and the
like. The d¢¥HShom¥t the f@lywré%dg?rabwe*@%tw BiGeFNt jngenion ap agtvRAT By edeicied 99

mol % pref esahlay2f h9melust® whbreih&BatiBME Eorfort:@ habhy forhea i, A, 5@ crml. % nore
preferably from1l to 35 nol % nore preferably from2 to 30 nmol % nore
pr ef er abl y /¥ ¥ §iiogen BhOSBhOR WX 58 nore preferably from2 to 15 nol % based

on the ent InnmMMM{ogm{&%&%h&u@@@dmrz 1€ﬂb@&dy@@ﬂt the pol ymer produced
herein is a yner or copol one or nore |linear or branched

c3 to cib ﬁ%@ﬁﬂwaps %Iaf?HéC“&F‘"’éPF ﬁléfcmweé afeoa@gfe Gricthy! eomt AR b revekyshs or

conbi nat i ong JtRRHRA, pRaRAR]iEn Ok RELING BRHYIERI 1:2ed nhy Ri dih&lenSHRLRRBRRES fi C
and nonstereospeC|f|c catal ysts. Prochiral, as used herein, refers to

monomer s t R&¥ESRavor the formation of isotactic or syndlotactlc pol ynmer when
pol ymeri zed using stereospeciflc catal yst(s). 100951l n anot her enbodi nent,
t he nononer to be polynerized conprisesﬁgronatic-group- 20 cont ai ni ng
nononmers containing up to 30 carbon atons.” Suitable

aronmat i c- group-cont ai ni ng nononers conprise at | east one aronatic
structure, preferably fromone to three, nore preferably a phenyl, indenyl,
fluorenyl, or naphthyl noiety. The aromatic-group-containi ng nononer
further conprises at |east one pol ynerizabl e double bond such that after
pol ymeri zation, the aromatic structure will be pendant fromthe pol yner
backbone. The 25 aronmatic-group contai ning nononer nmay further be
substituted mnth one or nore hydrocarbyl ~groups |nclud|ng but not Iinited

. ~A . ~NA PN o A 1 1* 2 * 11 . 4




et hyl ene/ propyl ene/ oct ene-1, ethyl ene/ propyl ene/ norbornene and the |ike.

[ 001001 More preferably, the process of the present invention is for the
pol ymeri zati on of propylene to form honopol ypropyl ene or together with
anot her nononer, preferably ethylene, to form propyl ene copol ynmers. 10

Pol ymeri zation Processes [001011 The present invention also relates to a
process for polynerizing one or nore olefins, preferably propyl ene, either
alone or in the presence of another conononer, such as ethylene, the

process conﬂWF§|ngdeﬁP&@ﬂﬁﬁ@“@ﬂ@é?mp6WVﬁehiBatanAébwﬁpgmdﬁ§h@m@Nemawbre
ol efin nonopgr § A"’Stiﬁdft‘hé:éi%é}is% breSYSHED WPHe?érﬂﬁJy aNis 8Chidvat %Fouf)s Rfa‘{’er ful a
(1) as defined above. Thu 15 anal ogously, the esent i nvention al so
relates to tdhetlce%semethylaetéﬁrﬁpowmﬁl gPUPP.oneTE t)%@fe(rctb)ly AHeTip et hhevaoraem an-
activator g %Rt AW}

ol efins, pr@?gwg 6§gly e(%ﬁhgﬁi ggﬁgﬁghg%§$b?ﬁ%§9e p?gggggg&ggygﬁg?her
conononer, Em@hﬂmxhemhwhen@f-mBEMGQEmﬁdHanbnewmvﬂmﬁheIwﬁesenriﬁﬁ@@ﬂkﬂﬁn
relates to 4 f

br opyl ene,  RHEE3F gl @ CooTRRA BlNE, B0 9L (BRI B InaBLE EHARY oL 59
et hyl ene, tﬁewﬁwbﬁhxsh%bnpmmswngweun@amﬂmdgwmnaer pol yneri zation conditions
one or nore fi C, | vs i,yat or
of formula gl)!ﬁas nlg n;?li ned é%‘glvr%&t n d%ﬂat&réao'(;:ftd?r{? s(t?e C%gitm trét rlﬁgeegs |d\s{eat hat
the Mv of tibréyrtmlzytmr prbmsmﬂ thenpregas eyedionathe| @éstic d:geeormot oSubshanstited | y
decrease, W ghs) N I Ven

torper atlur e oiplf B ROEIRA. THRRNER i RRER S By Phockl R, i B SRR prowp: e
reaction t ewmewatawnecmmlmmmcaxzﬁl anes agetogghedoims ﬁmeBgtwt 10¢m)beafd ohe

pol ymer for e e || th
oy oasi ng. TonAlefiedBRCE, Hedh b PREec BTl nh RSP b ARE! RRRGLN,

t he nmonomnertwoonfvelfseroming snopbsistnayer pionadls de MMbﬂswf Z’eh?dbt omemcdmie a@ntatic er
Lg?gfygz g‘;gf’gﬁ{g n%orc‘,}t’ iur:E’ att)c”and/o ar rﬁqvgctn r![n{ggs st thog n%ié)ﬁrggt%sggcmr% Sad eét‘rircoast
t han 20 1% cpueesﬁmnabing otri‘mg I‘dv\st@lmesfus@i tode@air ﬁlasengmhe wthh@m dy Hom 30 throfiet
T e NS SRSl N By DD SBiGhep 8o e
conver si on. mdlapeirdeagetd: summmafdshymme Oalnorebebsaﬁi@nte‘ﬂcﬂd:tddyﬁ‘dmemﬂ gromf) cﬁnslsﬁug dsmnorrer
Conger readSBRCY s "Rt Bar A% GT sl auEER: Reth B iG “prbene

using a Cat[ﬁéfylﬁblyiy&i enmgaqie S‘,iSragylahyla@tiiG,gact (o] £ amyiai;ormll?a 15(21 l)yd@crge(t 2t)om| n
conbina ansitio t al und rQ | eng 5.hong- or.

copol yal o e T tDee sl AT SG R TG SRTD R RieRY T B Lotk isr i theohhu

[ 00104] Thee@aﬂaMgstn@ygteﬂmsﬂesgtmhedxﬂ@omeianem&uuma@henmegaugmmmnm@
solution, bulk, gas or .slurr neri pr o es or a i nati

Chereof . prepeiastr S Mol uRREr Bit S gRBLEERT ety A8 i BULds.
Prefer abI y abdver lﬂl’eOEtEE:Sbtlcﬁle ascCandt HifU oLl $inpr §6:e% SmayByto At dndUSUoteS adinhl a
system t hat Eerate@ %hout |nterrupt|on or cessation. For exanplé_a

conti nuous TFFBRIRES {1 29GUN (ydbe SUhptt PIREWAIY BeeshViRere St hd 5 ant s
are conps nuaditiynal RétEostoGatht inlll Oc QBIRaiOE FRE Br §cRaGl @h& iaRsld Pigdt YiRRbnPsiodidct 1S
continually t hdr awn. 00105 I n one enbodine t, this inventionis
directed t %i YR SCQBY (HPE Sh! i Hrsem- SMyrgdgitigpa Sﬁigmat% é’“g FeHoBat o

reactions ipryrehdi Btgsutahﬁutp@inyit@ﬁaomt bR hﬁtrogtﬁetoar oPOf 8 (QhIkpDNONMErs as
defined above. Preferably a honnpolfpropy ene _or a copol ynmer. of Fropylene

and et hyl e85 2 0ur srelerse emdptigieni Al hmcdbipnfn fsmyp (Hi 1brifét1?tt>?smaﬂ§e qllgpeg
above is pradigady: [ 00106] One or nore reactors in series or in parallel
may be used in the present invention. Cat al yst precursor and activator may

be delivered as a solution or ei t gt separately to the reactor,
activated in-line just prior t he r,acFo , Or preactivated and punped as
an activated solution or slurr '\{ga tor. A preferred operation is

two solutions activated in-lin \EDP/ZO mofe information on nethods to
introdud® multiple catalysts into reactors, pleas$d see US 6,399,722, and WO
01/ 30862A1. Wil e these references may enpha5|ze gas phase reactors, the

t echni ques described are equally applicéhle to other types of reactors,

i ncl udi ng continuous stirred tank reactors, slurry |oop reactors and t he

| i ke. Polynerizations are carried out in either si ngl e reactor operation,

i n which nonomer, conononers, catalyst/activator, scavenger, and 25
optional nodifiers are added continuously to a single reactor or in series
react or operation, in which the above conponents are added to each of two
or nore reactors connected in series. The catal yst conmpounds can be added
to the first reactor in the series The catalyst conponent may also be

e o g,



15 be liquid under the conditions of polynerization and relatively inert.
Preferably, a hexane or an isobutane nmediumis enployed. [00114] In one
enbodi ment, a preferred polynerization technique useful in the invention is
referred to as a particle formpolynerization or a slurry process where the
tenperature is kept below the tenperature at which the polyner goes into
solution. Such technique is described in 20 U. S. Patent No. 3,248,179,

which is full% i ncorpgrated herein by reference. preferred tenperature in

the particl & PorHt go'dc e8¢ Ri Degihemige (B2 a(h@eaﬂarlcnab%retp il pgingBotits o1 POC.
Two preferrgg RQl yRREIAALOLNTRE OB, dr&en lalSn &) E'[ fOYC{araﬁ&?Qﬁ raig atd]qg%‘m

enpl oying a | oop reactor and those ut|I|Z|n g plurality of stirred

reactors i nalsdpricesoupphat spinests toghe Bemioimest hyohR t Hdrksofln 2 Arsaificicmbedimgnt, R’

b ocosses. A bar Bl BRATRES 200 UG O R oL RO i LB BTS K

B S. Pat ént et B, &{3ndigaR’ wngw bcyzwerﬁa%mlgmwpmo&p@ﬂ& evaeftryblyécfrercence
[00115] I n thessk Y hynRiRRESS %ﬁﬁﬁﬂtrh%w&ﬁ%mrﬂ%%&th9ﬁz$he total reactor
pressure is in the range of f'rom kPa) to 800 psig (5516
kPa), pref el08#ily eoefepbtygA(leﬂmeulhpa)orrb iabitoeens 50! Bsing RC 4op8thekdPay ; (Cfﬁb)’we
Concent rat | B opapara o ab adiiee gulitth L RBCR AES b, e Ry SR ACS 1
t he range oﬁdfmomwa@QMmekﬂma»QOmWEKthdmerdenmdIbneﬂeﬁabﬁyntnénﬁabout72 to
per cent , o anioREt EELkprlTE f R 6] AR SRTATRGnfind ch @R Ly LA
anngenegusmp@%ﬂmeonw@dhh@umn wwmmmmﬁmlyméﬂmzatldmﬁmpmﬁmnﬁ]mﬁm@&eaﬁaryst
systens des . her Y ution
o ocesses. TLparais phkDufR 38, MELGROHATAIRRSIN . OTRATDERS. SRR

i n which thedﬁmpbﬂyneﬁbﬁ&yhemmamd&ﬁmeiéUaﬁbnhglnnmom&cpaﬁ@dﬁﬁﬂaky@tmkﬂ

materials s ol edu \Y n tio ents.
Sore. user ur 1omsee RSP dhOR! FbES BlaltR G iSRER B RePl A Gi
pressur és. tRé“aaltcyl@m: o, nmrr:rmr:fbrsblryracﬂtmrdé alhﬁcw@mmerrerct Mefcmbky@rréﬁ‘fqez) acts
as dil uent O(!rv ¢ aosu at orm ctE p)et ﬁ term con%mmcr]ilqﬂtg h an org ebqu] aI tS
used as drluen >’or soﬁ% Rt erre dr on 4 IQUI s inc BHot'h

al i phati ¢ ancnadriopat ricg fa}lst@rrdﬁrsesluc rtheaﬁsrstde@unlhufﬁ 'RRIALQ' ¢a|ngth:b fiytiny gtrmycia:pht ha

and al kanes StuCh az r hrmt (gpo tﬁ \Arnnx%nes( tnbcﬂ ?TrgtgﬁT?§&QE£ m’

for cxa P Oﬁ
i sopent ane I SO exane cy [0) exa Ct a

Tenperaturemconmbahmmnmkhewmeamﬁomemsnmmpmc@Mkyeehtaameﬂn@quEmammnmguﬁhe
heat ofzgol % gt F mn%h reactor cooling by reactor jackets or cooling
coil's t8 cSBIPTRECYIRERPL Yt the reactor, auto refrigeration, pre-chilled
feeds, vaporization of liquid nedrun#(dllueﬁt nmononers 15 or solvent) or
conbi nations of all three. Adiabati act with pre-chilled feeds may

al so be used. The reactor tenperat re gibgiends on the catal yst used. In
general, the reactor tenperature is ge from about 30 C to about
250 C, pr eflpacﬁlm&{alft{efémaﬁ)prglarre ]@Qscgt 1BQheall?1@HIm 200/ the MR T8t %@Be‘%&ﬁcﬂlb (gr r91

about 70 C to about 180 C, nore preferably %Tom about Cto a

and nore prsreﬁ@m,a:btuyqua offcatho upllavpog, Olqnbmab’@utxam@ Qrhighg |agirer rﬂz?atheofmﬂZ@

L enper at ur & (I3 nd SPEDR 6k A& Bl artﬁtle&g;& nd bl SEELPRORELSL B the
second reactor tenperature is pre era han first reactor

t enper a?ur ere Aregferpbly abl wdmatishwpobe l@pféti\’itl‘i? @mlont he t enmper at ures of the two
reactors are independent. The pressure is gqnerally in the range from

at nospheric pressure up to high Bressures sugh as about 300 MPa, about 200
MPa or about 100 MPa. Also | owdk p t6Habout 50, about 40, about
30, about 20 or about 15 MPa 25 arepnsuitable. The | ower end of the possible
ressure r ma $ out 1
WPa o aboliedl o KpaBuEN BBt i AR At MRy redE B2 R sRod B K80

the entir eoneetberiatinhatic ot awoetineyg beriznyvier Eorrmmlv,enyhedqasmthet &rpRt endusi ng

t he nonone S, I Iene)
Sur tabl o monaer S SnpeER e B R L AR AR A B R P
to about 5 nol/L, up to about 10 30 non, _or even hrgher such as up to
about 15 not/L. [001181 In one enbodlnen? 500 ppmor |ess of hydrogen is
added to the polynerization mxture, or 400 ppmor |ess or 300 ppmor |ess.
I n ot her enbodi nents at | east 50 ppm of hydrogen is added to the

pol yneri zation m xture, or 100 ppmor nore, or 150 ppmor nore. [00119]
Each of these processes nay al so be enployed in single reactor, parallel or
series reactor configurations in a suitable diluent or solvent. Hydrocarbon
solvents are suitable, both aliphatic and aromatic. Al kanes, such as n- or
|sohexane pentane |sopentane and octane, are 5 preferred Al so,

T 1 o r 1 T 1 I o oy ~ " 4 11



25 process using an activator of fornmula (2) preferably the pol ynerization
is conducted in solution (typically honbgeneous) and at a tenperature of at
| east about 80 C to about 200 'C, preferably of at |east about 100 Cto
about 180 C, nore preferably of at |east about 120 C. The sol vent may
either be an n- or iso-a lkane, or it may be the olefin (such as propyl ene)
itself. Preferably, the nononer (preferably propylene) conversion is from
30 5 to 95% nore preferably from5 to 85% and nore preferably from5 to
50 % the COMREMSION obEiTRTLSEH Cipmtie HngsLs 682 Srtonanay P ded BFsaifoiigmee vin t he
feed and theyapRunbRfdPNARERsC@fpverted in the reactor. The nononer
concentratron is generally 5 weight%or nore, such as 10 weight% or nore,
20 wei ght %08%1Inorle, «prm3®nwk|ngQEHﬁﬂtndeinégbd1onP¥W@hYbPﬁ1m%EH@htNof

t he pol yner rs

pr oduced. ﬁg%ﬁ%g?gggg g$gﬁéH%%ﬁ¥ &f %ﬁgﬁryneggggggguce ﬁg¥£?n i ncl ude
honopolyﬁermaﬁﬂ cdp@hvhﬂnsdbﬁﬂbmmVﬂewet@ﬂdﬁ@mlpﬁopyhéhbmwwmﬁfpptm@néMKother
noNomers. Le » ve.
prof or abi y, ERE s AP RS ARBALDAR AR L AT SR 3R A8y SR RE R

et hyl ene andfeord wthhein.al pha- ol ef i n conobnoners bei ng present. [00124] The
pol yners, especially the propy ene-based polyne produced wth the 10

pol ymeri zat | on ocesdes accorfdifng| to gﬁqﬂhven (ant using the
cat al yst sypt dfdlaccor ding tb | he présent trzﬁTTm\ rrsrng activators
of fornula {1)|and/or (2y7/nay hav hrgher tjng pord\z and| a hi gher Mw
0

t han pol ynef ared by\conppar at roce sesyusrng C onal catal yst
systens at hé?géﬁb reac >on tlenpe gﬁﬁﬁ@ See in this regag Fi gures 2a and

2b, and 3a hndl3b. For xan@Pe|, wi ref erefelld.0 Fidqures 2a pnd 2b, it is
i |l ustrated|th&tHphe choi ce| of cataly em and in|particular
the cationig co t of the factijat Sai d catal yst systpm influences

the Mv and the nelting point th resultrng pol ymer achieved at a certain
reaction tenmperature. It is evident that with the catal yst system according
to the invention, wherein the activator is of formula (1) or forrmula (2) as
defined abofe, t ul ting dokyner h hi gheCMy)\,and a ppi gRer nel ting
poi nt than qhﬁgfozﬁ35(ablﬂ gonvgnt yonal R0 tFVaLg%/fp cortbi nation with
t he sanme ne aIIoéénR‘cogafﬁnd Theg gane is ev;d t from|Figures 3a and
3b. As expl |n%d/ﬁﬁo€e~ t hoyt wifshing to by this tlheory, it is
bel i eved t hjat ¢ ﬁ%%poordinatior st rjéagk, of i ase requlting from

t he proton- epleted catjoni c qonmpgngnt of t ac or is off i nportance
and is bal ahcegH,y, ordgr to aghi eye\an opti e . 25 [0Q125] The

pol ymers of| the i on gengrallly ve a¥ Mv (wei ght average nol ecul ar

wei ght |$ g nol) of at Ieast_gbout 10, preferably of at Ieast 20, 000,

nor e pr erably of at |east | so_have_a higher | t

| east 50, 000 Hr Bflr iy oae Yeésf‘ 576 bdo Se(p'ﬁfeé% %bﬁ»g’ A, |Vééét2 3“30%, 000,
mor e pref ersabl ot 7qrorere%gio 112909@)02 rbmone3 21§ Ef@bﬂbtmcf&hblkf@ast” &30, a@@@fy%r e
preferably at |east 140, preferably at |east 150,

00.. 30
[00126] The: pobyier & %é%c‘ror (8@681%?& éTWZg%nAersa‘lrl@ ‘Fra}%é an’: | vPwh» r% 8,9 or 10
(pol ydi spergitnlyPDl2, 3MID), afis Brbyaes pho%@rug%reﬂ@fa@fyerﬁ@@eﬁ) er} elgr iycﬁoée@ 15,
nore preferably ron11 6 to 10, nore Ereferam
pref er abl y 2PbA €1 80 Cop AKE. BAdS ot e ipF et dkskppyers rdB¥n°§ t}teo(cst) g[%‘i?‘?}’ bPhe
pol yners deggfiluRadinhé eﬁ‘de‘ﬂtljp efoRE abwreh%@n@nmérwagfr&@ltrn:t gr@lip doBAGIng 0P dC
preferably at | east nore preferably at |east 90 re pre#

at |east 10@ogn aigpeC 1pf10é¥leﬁ1§b’r§? s &t Clsendt Catod-caryilee ap?é’ré? Ssl Afodgryl éﬁst
120 C, nor gndirefcaiba@h¥ndh: kRaste dBhe gtgrcﬁl Pfs%{ﬂﬁé%@'b)jf Aherdr@ash, pkdorably and
nore preferably at | east 140 C: 5710 12 ﬁe pol ymer s preferably t he
propyl ene- BHSE- poIaieiescd epbodivenphesites drm%chtnr 1B fqsmalee p o greratpgte or

mel ti ngypoi ar&ldrgf meaturdeeasrm%% &e@radry%o%rogmw ax@EAgely Mk eaHloakinel 9ot MY

of at Ieast , 000, preferably a nelting point of at |east 90 C and a Mwv of
at | east 35, 000 nor e preferably a nelting point of at least 100 C and a Mwv
of at |east 50,000. [00129] The polyners of the present invention,
generally have a density in the range of from 10 0.86g/cc to 0.97 g/cc,
preferably in the range of from 0. 88 gféé'to 0.965 glee, nore preferably in
the range of from0.900 g/cc to 0.96 g/cc, even nore preferably in the
range of from0.905 g/cc to 0.95 g/cc, yet even nore preferably in the
range from0.910 g/cc to 0.940 glee, and nore preferably greater than 0.915
gl ee. [00130] In a preferred enbodi nent the pol yner produced conprises at
| east 50 wei ght % 15 propyl ene, preferably at |east 60% propyl ene,
alternatively at least 70% propylene, alternatively at |east 80% propyl ene.
[00131] In another preferred enbodrnent the ponner produced conprrses

. v ~r~ ~ 7 v -~ ~ 7




3. The catal yst system of paragraph 1 or 2, wherein [Y] is [B(R4)4l, wth
R4 bei ng an unsubstituted aryl group or a substituted aryl group, of which
the one or nore substituents are identical or different and are sel ected
fromthe group consisting of CI to Cl10 alkyl, C5 to Cl15 aryl, a hal ogen
atom preferably fluorine, halogenated Cl1 to Cm al kyl, hal ogenated C5 to
Cl15 aryl, 30 hal ogenated C6 to C25 al kylaryl, and hal ogenated Co to C25
aryIaIkyI groups, and wherein R4 is referably perfluorinated aryl, nore
preferably fehdarndérdphenyot aomaist ahily dicoram Retaning (CHen fayoptobRy heh s .

4. The catalygtisystem of any paragraphs 1 to 3, wherein the transition
metal conpound is a netal |l ocene, preferably a dialkylsiladiylbis(indenyl)
netalIoceneﬂmﬁﬁereTmi%%emﬁemawﬂﬁﬁ<§t@?@ﬁwdﬂfWﬁwekoﬁﬁﬁﬁtW@lﬂﬁdemwhmlQHM
unsubst i t ut g, ot & YRS bddaltiRrdh HRAGNR eI, RURALILHIALS (SR LGHEuld 2 t he
gr oup con5|stﬁﬁbnof a %5 dg n étonll%letoefﬁo d? ﬂ & éfﬁ%ﬁ w%{ %%
C25 aryl &l kydutralaheWwis t@eest @iaRgng oy 93?6y¢at101aﬂd>0tnlnencn’et [ﬁlnd\HiI:emei L3 RriblAéﬂ
preferably

- di ot byl ey AR LA OB SRDENERh Moy Run il bo iplaced by theolfi
rac- di met hymghdnyar) tb|tlsa(trande¢tym¢talh&flthewe'n6hntgt0bz b@@dr‘m(ﬂeﬂélema it is believed that
rac-di ”?t hy%}ﬁe}l&é’c}a Ptjw%ér? t%‘a%ﬂgyc orL(]lmB t}ﬁd xgeg ht)ndtnt fLQ:Q»’f Q%Gsoﬁds to Eé ¥0u89 (Pcene
a rac-di net hyl si bISZ ﬁyl-ln enyl nocerre or -zIrconocene,
racdinethyI@ﬁ@yqd@ﬂ@@ﬂxﬂemhyhhﬁ&mapﬁmhyhﬁﬂmenymymhmknoeem@beﬂﬂ@zﬂmmwﬂocene
or a ragcgyet .nd 1 ). fuct@ld)C e rei.n the
hafnoceﬁe a%%&gﬁﬁ%g%%ggne 1@Sﬁ§%c%%g§{Q@ﬁ@?ﬁgggeﬁéh tgﬂ%§ Y‘&mndg X25Whl ch
are, |ndepeﬁ@@nnprmmymﬁdgeﬁ%What6gemﬂwhyd®hd@ihadm@&h&ﬂlhyﬁm&GQWMmbmm
radicals, s I ed h r i,C ) b [

substi t ut ed(% Eg%r%érg%'g&r ‘% i ca l?ééum ZI%1 g?l er% the% céVI %lnd/or%g% ltsrtgepc? ints as
siIyIcarbylmﬁadk¢mhmxegemhvmnarbyI radicals or substltuted gernylcarbyl
radi cal s; th a ndt metal .atomto m.a
netallacycﬁe fﬁng’@%ﬁfgﬁﬁVh%Cs4 Pmﬁgo?mg' 3mgﬁgﬁ?“§@mgﬁ?rmnmégmxmsmnatboth
togetheﬂSCangbe\amﬁmhe&mmwmdemiMhumﬁﬂnnﬁ@mnetvaamdcma5qnyhancamah¥mgd
system of an a raphs .1 to 4, wher in the ran ound
and/ or theqé%1|WEBb%?g93&mndagétedw%ﬁmg(ge Fﬁﬂ @por @?ﬁﬁb% port
conpri ses shérioo@r oasnvadsmmmaomu’f_\@ @. aAtqsastO@es,s»vttemas p@lhyafmrpamnmcme.t GYstéy €

ol efins, co rLsin nt ac under | i on,condj,ti ons .one or re
o1 of i ' rondREPESHY PSS )8 p O SiraR s BEPUARY C92ER5R0N S TaRton "t o
5. 7.Use oﬂwa\emmpmnmﬂmmtmba%ﬁmha (1) as defined in any of paragraphs lto

oot yor FoaiP B! of TORETN i GULMBrTHE MHS(E: HOAGEALE §orBHhy NP B

one or nDrQn@?eﬁymﬁnmﬁqmpni@nmgtg@ﬁh@e@?ﬁgugmdemmﬂ@imaemngbmmnm@eﬁdb&ﬂons
one or ol efin nmonone it talys onpri.sing a.transition
Tecal conpdii BRI aGET b PO REOPG: A BRRb MG G i HRERTE PROAE 11-
[Yr, (2) whekdiidg porjt irS oBtaA-tEQOWE RBIbAGIRNEQDys( N@t&n afdtatninS cHivERIRAEN,

A s oxygerciaii fbiyretiy e s wache kPSah Plankr & BHban are a 1 to 3

al kyl QEDUQOOSW\hEIFﬁidﬂy ain actPadoeNn NBaGkdcoRcd SNMIRY Bickine ihRBLHNELANTtaIRYBE age

nmol ecul ar mel (My) of the palyner fornmed increases or at |east does not
subst ant i al°P§ laetﬂn S8 1git Hvg Wﬁea%ﬂ%dtﬁwértem%ht)eﬁlg/iob@ For gxamplggtwo
process of dafyen@fhnPRhAG aP®HncitOMmad beOlsed BEtHISBmOTiinRak AP HIRPAME o' IBEGAN T he
one or 5 nmpre ol efins are aIFha ol efms, and preferably propyl ene,

opti onal |y NG e oHEMn &Y HTent I5ationist FRStPONNdS HA-thy é‘fti"ﬁtor* C@Ofdfﬂseto pP s §Dof
any of paragd/anbpch reBitH br%adeﬁéd veDpdsR anrOa@@Nrdﬁ)ge FTMRLIBIS if R refhting
wherein_the actlvator is a conbination of at |east two élfferent conmpounds
of fornifl aPplyplehss qafi pad s DSy ueRd par BYPagrymert arogerterd/ ber fea#mrlf-a N-2) as
defined i nnRedyBGH8RMNIGM %Q tﬁ%etﬁ?ﬁmﬂoﬁ&ﬁﬁ&a@fbe %EBG i@fcoﬁlbﬁiaﬁf&t BgetBerOkitD theOr
the use of any of clains wherei n [ R'AfI

]
trinet hyl afshiNGAy 2ntefived t»éow étaﬁetktaétf plong afahue ﬁeﬁhéﬁwwféw%énybbowte and
tetraki s(hept af | uoronapht hyl ) borate or tetrakis (perfluorobi phenyl)borate.
12. The process or use of paragraph 11, wherein the transition netal
conpound is a netall ocene sel ected from!the group consisting of a
rac-di met hyl ger nyl bi s(i ndenyl ) haf nocene 15 or -zirconocene, a
rac-di nethyl silyl bis(indenyl) hafnocene or -zirconocene, a
rac-di met hyl silyl bis(2-nethyl-4-phenylindenyl) hafnocene or -zirconocene,
a rac-dinethylsilyl bis(2-nethylindenyl) hafnocene or -zirconocene, a
rac-di met hyl silyl bis(2-nethyl-4-naphthylindenyl) hafnocene or
-zirconocene, or an ethylenyl bis(indenyl) hafnocene or -zirconocene,
mhereln the hafnocene and Z|rconocene has at Ieast two IeaV|ng groups Xl

N Y A~ o



10 calibration curve. The pol ystyrene standards were obtained from Pol yner
Laboratories (Amherst, MA) or an equival ent source. To assure internal
consi stency, the flowrate was corrected for each calibrant run to give a
common peak position for the flowrate marker (taken to be the positive

i nject peak) before determ ning the retention volune for each pol ystyrene
standard. The fl ow nmarker peak position thus assigned was al so used to
correct the flow rate 15 when anal yzi ng sanples; therefore, it is an
essenti al p&fekigheptaiowatnhbyAberan. %‘Ftb@fé@m L orger gxtdin Kiciseme effrcues A misgrap

vs. retenti 9ﬂ"ca\€8’th&’@2ﬁﬁpo‘ﬁ’@n§1 af Q&R@Jo?%f?%né £&04;d 'c&ﬂp&@xﬁ n‘ia‘?ftb%rh&écp MOk Ui, At

the peak in the DRI nal for each PS standard, tting this data set
to a secondL@yvléléﬁr‘bep@WmMﬁeéPbaﬁﬂ@lbsa@t yrene standards Were gr aphed usi ng

Vi scotec 3. Q,sRELW DSk R4S anal yzed using WaveMetrics, Inc. |1GOR
Pro and Vis updat ed 20 calibration constants.

Di f f er entSi aIOOSHan nﬁnn@ @alhot symtens ynd DOAETherRetdda predessenef thopraten( iTvgntiamtl Jpeak
crystallizati t (.Tc) ) nd
neat of 1 uoraa U PELRALE o bfkoa BhARE ISR M FRE SERL Bt ko8NS g
t o ASTM D34t893n diidnf e dodsalot s:oaldmaﬂagtocfa¢ ardtaekii¢re of Eh@(l)at?dbat ar Wt gloes

obt ai ned 25 T st t h

appr oxi mat e?o%%gp%: 3 theAl‘nétdri Cd{longﬁlrl]t C?%l)np ani a%ér)élrs] 3%' ﬁg{lﬁ%@p 155 f;ﬁ%u%

DSC dat a vvecraedhi@ah%«dmldmmythé ketst cgnlastuabdm;p et is rfgmeh@vhsmlttpl cenmourﬁiaﬁhd@leat a
Ijg‘flﬁ ?]; 1?)8 0 &\%t('é]ruatreeco Ebn%ds?ngganEnv}@ubt %tFT‘l e saollg1e69t9 lé'\beceg(r)] 8? dIrSn%IPC%E ?uttlsgﬁl?atgcp ol ed
cycl e was applored. Hahér, thhenibn msit nandns?et}mmﬂm;c@hmmhetmmﬁagmwm shevwncm
recor ded. Arfeﬂ?‘stra%nl 1er 381 éorr]ne oecﬁiapttcbgr rré 1(% tJDFGa f SR mee al @nnq US

det erni ne the heat of fusion. fhe Pel'ti ng and*éryst aitiZati oh ?epﬁera‘% ures
reported her eeuvvelrtef mbxhat fied ticuamiong Thisesis@Llo MA&%ct thngp’ elool amglocydgkzeled to
Cononorer Cont 138 The ethyl ene caontent o

copol yners A% ﬁyetwglfmm ]”a%yl ﬁc’ém?fq%loﬁlpé%(c%cf SRR oit‘ %/SST Pg\cfﬁo ap%@m ‘que.
A t hi n hénogefhelousn ﬁavicmb@fdmmqmg in EPe\seewws aad Eemmﬁtmn eThﬁy iadhadst 1)150
C, was m)unated onaPetrkln El. mer ctrung%%tlnff fireg..S adical |

spect r ophot BIf8e FOOTANLRN | CUPRICES B e SRR 4y BPAPRNO BriFelY %8290 cm
1 was recordedinard tb hed amelamg ndentrd] bange-dYing Mectdd an ctheadllotd1hed aadre ) amiteh t he
area under the _.ethylene b 732,.cml in the ectrum wer.e cal cul at ed.
The-basel | it tsp1 BERGH % HHgE HPB Siha FEbeies e D BRI DA r S horm nal 1y
from 695 crdss| o tihe afifof corponBat[WE e WS thacha?ihg tlﬁ‘eﬂﬁoﬂmulJFQI?I1 Ql‘ﬂé wherem k is

pol ypropyl ene ban aseline and i ratio e is no from
Dot o2 SR Rt o] T R SR esb BT s i oy edeniea] L BB Ui ng
to the fol liQwiag Pefsat Tk ofhdh ¥l B@s, peITérany béx‘vﬂh ofBlurFind@, £A8) s Siefddntly

+13. 696X2 where X=AR/ (AR+1) and AR.is the ratio o e area for the p ak at
1165 cm 1% W‘H@ Qrggedopr tUH‘él‘l%é%lM{?ﬂanré? Hdg, d[’fPé‘Q%s?rtyg?“di’S h{f%

Vi scosity wasstiiRAShydestatbsi, N@lRaByIOQkEstigkdd Rilgattsl, ekﬁidsmﬁbﬁfut@lﬂ@dﬁ)cﬂbﬂber
27 spindle ac r dj n8 to. ASTM D-3236. Proton NVR 100140] . 11-1 NVR data was
col lect ed AtdHht ik S iRE Bniet AEUPY BPMIZUt {F JYORGY ‘ﬁ%‘s’é‘s“%fm‘%rﬁéhaéll s

120C shai | cbains@d) Q Nhdide (FInHrOBen BE N had bYaMaBde GRAGTIOS Jﬁf PV
" Hydrogen 20 frequency of at |east 400 MHz. Data was recorde usin

mexi mum pul*8d Wittt HUgnaeg Eydgeald Jagas hét nbettPuters RaTdrsicEvh Cdﬁ@&la@i ng
120 transi elmbﬁnatoﬁ&eﬁtg&@ip Sldghart %r&@ﬁlﬂy bme;grbalt&m@ﬂdat&dﬁ 1@48@9&9513103 of
unsaturation t P 1000_car bons was cal cul at ed |pIy|ng%é

di fferent §r&d lew Simblda%w@wwam@d% %éhqséémlwcégp &JﬁeP%tchaP Aakder of
carbons. Mpggsap C PH ﬁ%ﬁQﬂPdef¥fQh@gﬁ%gﬁghﬁ&ﬁlr&ﬂﬂﬁ%&u@&uﬂﬂ%ﬁhgh%qu
species_into 14,0 5 [001411 The cheni cal % regi ons lefin
types atl d@idriby O@GOOIb@OIBe*P\Né‘éﬁmP e Tenticahir ey apd are yekgicdhigm the group
Unsat ur at i Q&is-gﬁpé?ofv;il alM RYhib na@org’QﬁaMg% &m@ﬂ&&%t&%ky&#yﬁ eRuREGtBLLPPM
4.95-5.10 4.70-4. 84 55 5. 30 Number” of hydrogens per structure 2
2 2 1 Cat &3pgyessypit hé‘é fO{ 0@1%2]1“ sybt h@tasent prigeddn esr: nvigiranhpyborate,
air-sensitive conpounds were perfornmed in a Vacuum At nospheres drybox

mai nt ai ned under a N2 atnosphere. Anhydrous sol vents were purchased from

Al drich and dried over 2 A sieves. Me3KH1 and N- Met hyl pyrrolidine were
purchased from Al drich. Me2Si (COH6) 2Hf Me2 and C2HA( COH6) 2Zr Me2 wer e
purchased from5 Boul der Scientific. Me2Ge(COH6) 2H Me2 was synt hesi zed as
disclosed in the art. [Ph3C][B(C6E5)4, [PhNwve2H|[B(ClO0F7)4] and

[ Na] [ B(C10F7) 4] were purchased from Grace Davi son. [ nBu3Nl-1][B(C6F5)4] and
[ PANMe2H] [ B(C6F5) 4] were purchased from Al bemarl e. The individual syntheses
of activators used in the exanples are described in the foll ow ng:
Tr|nethylannnnlun1tetrak|s(pentafluorophenyl)borate 10
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Me3NHCL (0.20 g, 2.1 mmol) for 2 hours at ambient tenperature. The reaction
m xture was filtered over a glass frit and the light yellow filtrate
reduced in vacuo. The product was dried in 20 vacuo for 12 hours to yield a
light tan solid (1.6 g). 11-1 NWR (CC12D2) 6 ppm 8.1 (very br s, 1H), 2.85
(d, 9H). N-Methyl pyrrolidiniumtctrakis(pentafluorophenyl)borate [001451
N-Met hyl pyrrolidiniumhydrochloride was prepared fromthe respective am ne
by hydrochlorination using MCI (2 M Et20) in pentane. The resulting solid
pr oduct was torrialrlﬁ(érréﬁluwphqwl)@nrrted i ntefalae (7034 Nt tleprpyr bbiagh ne. Hak{so. 35
g, 2.9 mo nssaqtln 0 _WretllaChior Quet bang yaheas e.
Solid LiB( CQ)F 4 Et ZOIRJ) °g, ¢ n’?m was added t(g@c%ﬁa rea% %O%t tfure
in portionstw $(P%ﬁuqrri)1?1m€é$l)b0,ﬂ€f“t er Zaﬂldour stetrifeas(s, éé?@(trlﬂmrﬁm%hwrélcmordtc
filtered thpgydh.f 9! agsedkit t ermv oLi CL.and t.heq I tr
reduced in vacuodrtglo |E‘l%cfact whi ﬁgﬁsoll Thee gffct gclgré dari egrditén vagh(g for
12 hours otewlérr(blcmﬁ@m@ﬂﬂﬁlﬂm)b@@tet PrferANR R 12@2)1n5315}st161t@pmyl 7¢8% (dora s,
11 H), 3. 704f 5.¢( ,
N- Met hyl pyr v o[ I Ell ni u '? rozglﬁnéc zth ur%(fr%-g Lg““”%“m fy %3%8%212'9 édl%f%mﬁg%fffé{b
N- met hyl pyr sabicied ifoimuthe Ely)dp gmhistymg QfE,C 1(t® C50111gyl %3 tci_ Cmm)rl)a daeedie®eo breéaabiin 100
mlL dichl oro n r d 3
nmol ) was angptr %@ Fol Crelgtgcg(? t|8(r)Eﬁl r%ﬂ%] ukrg%oglA§ IEl)atérglorc AS(CZ’ 8&ér %éeéaﬁ&?d Fg & %After
1 hour the #lkedoyl oerndrriwdbgmetedrva@s & I(bmeajylaldiybgtmlbse efmcdr wanread d’ twopaferdrbdwr

dth f t
:Rber ggl()olr%&ﬁd?@?t%g: gl%gl/asairl auc rﬁtrldr?tlyvaouo EIPO\{ h'e\’l?gl r}%ﬂusocr) 'Blk.’téyllheor

product waspadfliceebiphanytacuo an addi ti onal hour at 50 C and the final yield

26274(5 93 8ﬂ47§%@ngwgmggﬁ mumg§¥%m§m H%ﬁﬁa ﬂwéb%%d§€8§a%g%8%ﬂ%qé%}ﬂ’

Synthesis  dbng mﬁcﬁlamtnhyﬂmm‘ﬁy)b(bHE(l ndenyl ) haf ni um di net hyl /

trimethyla um et raki e orate. supported an Si
[00148] | neg@? srfﬁ%aﬁé& rﬁ@é‘ usg?t% ?C ?‘négdl Cub%‘gﬁ Bl 09 lur?[}yecah?nn 100
m of tadb ueamempamit ofohc beidtatat dfHo@8.lg(1) vi @) Ebydaﬁhﬁﬁhemmmb(n%Th\ﬁb?/aﬂyrbohtblnuﬁcne)

The m xture Mas stlrredfo to, 15 ours at a erat Solid
was col | ectBdGH§ (iomé’gmtn ﬁ I'\dhRig erm? hcoﬁlgx[éng gﬁ& ‘%‘é\ rloéd Pgaélﬂao
The nodi fi aﬁinedm@ilbﬂ)emao@btaﬁd sueebla the phickses bf theplebaninngitisol i d (21.8 g).
The nodi fi S—757 2.0 g) was slurried in toluene (30 nl) and reacted
with ActivMﬁﬁ) for 30 min. Metallocene A (72 ng) was added and
a: | ovve]g to [r)@ﬁ"chr1 fmfcr&ﬁfmuflcﬁgrb -Bhﬁ)é‘gluﬂqu tne@léI @?tr@i%lssitcmmf 1h8 @lm's&redmfagncal o6
ass r th tol uene nm_s n ried in vacu ie 1
duppor t &0 Al argEe BarBn I DTSt Bkl PE It (SaRe g e R B o O
(P8I eremr_ [ zzitmtm':g;le@mlﬁh@wrogaﬁer awé).’kég;; Tgk&ﬁml(htdbd@cz;lbutylo?b lw{nmmésr%, 645% [ (r:nrj)
: , 1. n _hexa ) ed. t aut ocl ave follo
i sohexanes <§t Tr %ﬁa&ﬁiﬁ“ﬁﬁ@iﬂagrﬁh %2§eﬁfeﬁrjbly RO @b e ) by
vol ume as rma@umedné rnorﬁba: Sibgiticn@ 268 ficividahod MEE@ARM Srdfelct@dhedn thENBoup
aut ocl ave was . heat ﬁ)d%rerrp ature, allowed to stabilize and the total

reaction pra&ifire 0eps alox altalegenalsis prabn ARA aloalsigryA gropps. and

pre- act byatpedersgl Rt ison @ﬁarcrgem&cil Qﬂ%paﬁdrc%ﬁéfbr’é@l?/Qrpcirﬂ%oh@dtéded"ﬂ S@lpUtbRN Vi a
catal yst tube with hi flush, The flush was r eated2t|rres

| pressur e N e
After pol ymEFFEYY | Eﬁ‘itaaﬂ%m%ﬁb‘r dreataflygrenaghihyc p perfigiopheny! mgrcéc@%r

room t enpenagwuies a8tdombRe®¥GBIBnRIES SWhEcGRfothd (vanhes meﬂélrlsceﬁ@%efaﬁ§ tﬁ@er e
transferred into a glass container and volatiles were renoved by a N2

purge. The SHalyereiiad henregntinvegliofacuum oven at 70 C for 2 to 3 30 hours.
[001501 Theogzef al PREGRASARMAG tHMBlaBE Sy SRHof Brntdhe 2P AL LXRE SRR LS dOf
Exanple_1 in various conbinations are abbreviated as follows (activators
that ar& ndt thaeelsraragor Broegess pf BsartseitAPERione Bee wgrded Wrtree atiad) :
Met al | oc ea@?m ps Rafe Hédi‘{@&l'a}{& §relnyelﬂgr %(ﬂyn@lqgaﬁrap@afam B BRI lwifh R being
rac- et hyl enyl’bi s(i ndenyl ) zi rconi um'd o

rac- di met hyt §et BpHbP5sY FW@I@HW )iwégwmmf crrhr%tﬂwrncel AOFq sphstiegts are identical or

Di net hyl ani | i ni um t etraki s(pent afl uorophenyl ) bor at e*,

[ PhNMe21- 11" 1B(C6F5) 41- 1* Trityl tetrakis(pentafl uorophenyQberate*,

[ (C6B5)3C] ' [B(CB6F5)4] - 2* Tri(n)b utyPamoni um

t etraki s(pent af |l uorophenyl )borate*, [nBu3NH ' [B(C6F5)4] - 3*

Tri met hyl anmoni um t et r aki s( pent af | uor ophenyl ) borate, [Me3NH ' [ B(C6F5)4] -
4 N-nethyl pyrrolidiniumtetrakis(pentafluorophenyl)borate

[ MePyrH [ B(C6F5)4] - 5 [H(OEO2]' [ 13(C6F5) 4] -



6 Dinmethylaniliniumtetrakis(heptafl uoronaphthyl)borate*,

[ PANMe2B] [ B(C1O0F7) 4] - 7* Tri et hyl anmoni um

t etraki s( hept af | uor onapht hypborate, [Me3NH + [B(C 10F7)41 - 8

N- net hyl pyrrolidiniumtetraki s(heptafluoronapht hyl)borate, [MePyrEl] + [B(C
10F7)4] - 9 5 1001511 The results of the batch polynerization runs are
given below in Tables la, |Ib, 2a, 2b and 3. Figure 1 shows the results
given in Tables la and | b, in particular: Run 1 (conparative): A-1 Run 2
(conpar at i veifferept drpmselpeicd drpethasiovieyonsiatimg of glkglgrya.: a InlogeRatgms halggegaqgb| e
la: Metallo Ct 1\ 1P, 1 ! -1 t A Pal ynmer
Vield 0 Net - coapl e B A £ The VRt & Frial Aot 5 oBd) Ry
metal. A 1 npoeBrabhor noflyoringted argl ggp,@nore preferably pentafluorophenyl, heptafluoronaphthyl

or perfluorobiphenyl. Preferably, these activators are combined with a transition metal
5 compound (such as a metallocene) to form the catalyst systems of the present invention.

[0064] In the polymerization process of the present invention, in addition to the preferred

activators of formula (1) mentioned in the preceding paragraph also the activators of formula (2)

wherein A is nitrogen and all groups R are identically methyl or ethyl, and wherein [Y] is

defined as in the preceding paragraph are preferably used. Again, these activators are preferably
10 combined with a metallocene (e.g. as explained herein below) to form the catalyst systems used

in the polymerization process of the present invention.

Transition Metal Compounds

[0065] Any transition mctal compound capable of catalyzing a rcaction such as a

polymerization reaction, upon activation of an activator as described above is suitable for use in
15 the present invention. Trangition metal compounds known as metallocenes are preferred

compounds according to the present invention.

Metallocenes

[0066] The metallocene compounds (also referred to as metallocenes, metallocene catalyst

precursors, or catalyst prccursors) uscful herein are gencrally known in the art, and are
20 preferably cyclopentadienyl derivatives of titanium, zirconium and hafnium. Useful

metallocenes (e.g. titanocenes, zirconocenes and hafnocenes) may be represented by the

following formulae:

L X

L X T/ I\M/ 1

T/ I\M/ 1 n__. / \)(7

n\ / ~ 2
L3 X2 or '

wherein M is the metal center, and is a Group 4 metal, preferably titanium, zirconium or
25  hafnium, preferably zirconium or hafnium when L, and L, are present and preferably titanium

when Z is present; nis 0 or 1;

T is an optional bridging group which, if present, in preferred embodiments is selected from

dialkylsilyl, diarylsilyl, dialkylmethyl, ethylenyl (-CH;-CH,-) or hydrocarbylethylenyl wherein

one, two, three or four of the hydrogen atoms in ethylenyl are substituted by hydrocarbyl, where
30 hydrocarbyl can be independently C; to C s alkyl or phenyl, tolyl, xylyl and the like, and when T

18 present, the catalyst represented can be in a racemic or a meso form,

-17-



0.00667 1770.0 A 1 100 120 20 11.3 6.6 495.0 0.01333 847.5 A 1 100 120 20
19.3 6.6 495.0 0.01333 1447.5 A 2 100 120 20 3.85 6.6 495.0 0.01333 288.8 A
2 100 120 20 11.5 6.6 495.0 0.01333 862.5 A 3 100 120 20

L, and L, arc the same or different cyclopentadicnyl, indenyl, tetrahydroindenyl or fluorcnyl
rings, optionally substituted, that are each bonded to M, or L, and L, are the same or different
cyclopentadienyl, indenyl, tetrahydroindenyl or fluorenyl, which are optionally substituted, in
which any two adjacent R groups on these rings are optionally joined to form a substituted or
5 unsubstituted, saturated, partially unsaturated, or aromatic cyclic or polycyclic substituent;

Z is nitrogen, oxygen or phosphorus (preferably nitrogen);

R’ is a cyclic lincar or branched C, to C*” alkyl or substituted alkyl group (preferably Z-R' form
a cyclododecylamido group);

X; and X, are, independently, hydrogen, halogen, hydride radicals, hydrocarbyl radicals,

10 substituted hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals, silylcarbyl
radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or substituted germylcarbyl
radicals; or both X are joined and bound to the metal atom to form a metallacycle ring
containing from about 3 to about 20 carbon atoms; or both together can be an olefin, diolefin or
aryne ligand.

15 [0067] By usc of the term hafnocene is mecant a bridged or unbridged, bis- or mono-
cyclopentadienyl (Cp) hafnium complex having at least two leaving groups X, and X;, which
are as defined immediately above and where the Cp groups may be substituted or unsubstituted
cyclopentadiene, indene or fluorene. By use of the term zirconocene is meant a bridged or
unbridged, bis- or mono-cyclopentadienyl (Cp) zirconium complex having at least two leaving

20 groups X; and X,, which are as defined immediately above and where the Cp groups may be
substituted or unsubstituted cyclopentadiene, indenc or fluorene. By use of the term titanocene
is meant a bridged or unbridged, bis- or mono-cyclopentadienyl (Cp) titanium complex having
at least two leaving groups X; and X,, which are as defined immediately above and where the
Cp groups may be substituted or unsubstituted cyclopentadiene, indene or fluorene.

25 [0068] Among the metallocene compounds which can be used in this invention are
stereorigid, chiral or asymmetric, bridged or non-bridged, or so-called “constrained geometry”
metallocenes. Sce, for ecxample, U.S. Pat. No. 4,892,851; U.S. Pat. No. 5,017,714; U.S. Pat. No.
5,132,281; U.S. Pat. No. 5,155,080; U.S. Pat. No. 5,296,434; U.S. Pat. No. 5,278,264; U.S. Pat.
No. 5,318,935; U.S. Pat. No. 5,969,070; U.S. Pat. No. 6,376,409, U.S. Pat. No. 6,380,120, U.S.

30  Pat. No. 6,376,412; WO-A-(PCT/US92/10066); WO 99/07788; WO-A-93/19103; WO 01/48034,
EP-A2-0 577 581; EP-A1-0 578 838; WO 99/29743 and also the academic literature, see e.g.

"The Influence of Aromatic Substituents on the Polymerization Behavior of Bridged

- 18-



5.4 6.6 495.0 0.01333 405.0 A 3 100 120 20 11.6 6.6 495.0 0.01333 870.0 A
4 100 120 20 4.6 6.6 495.0 0.01333 345.0 A 4 100 120 20 13.1 6.6 495.0
0.01333 982.5 A 5 100 120 20 6.6 3.3 495.0 0.00667 990.0 A

Zirconocene Catalysts”, Spaleck, W., ct al, Organometallics 1994, 13, 954-963, and "ansa-
Zirconocene Polymerization Catalysts with Annelated Ring Ligands-Effects on Catalytic
Activity and Polymer Chain Lengths", Brintzinger, H., ¢t al, Organometallics 1994, 13, 964-
970, and documents referred to therein. The bridged metallocenes disclosed in WO 99/07788
5 and the unbridged metallocenes disclosed in U.S. 5,969,070 are particularly suitable for the
present invention.
[0069] Preferably, the transition metal compound is a dimethylsilylbis(indenyl) metallocene,
wherein the metal is a Group 4 metal, specifically, titanium, zirconium, or hafnium, and the
indenyl may be substituted by one or more substituents selected from the group consisting of a
10 halogen atom, C; to Cyy alkyl, Cs to Cs aryl, Cs to Cys arylalkyl, and Cs to C,s alkylaryl. More
preferably, the metal is zirconium or hafnium, L; and L, are unsubstituted or substituted indenyl
radicals, T is dialkylsiladiyl, and X, and X; are both halogen or C, to Cx alkyl. Preferably, these
compounds are in the rac-form.
[0070] Hlustrative, but not limiting examples of preferred stercospecific metallocene
15 compounds are the racemic isomers of dimethylsilylbis(indenyl) metal dichloride, -diethyl or
-dimethyl, wherein the metal is titanium, zirconium or hafnium, preferably hafnium or
zirconium. It is particularly preferred that the indenyl radicals are not substituted by any further
substituents. However, in certain embodiments the two indenyl groups may also be replaced,
independently of each other, by 2-methyl-4-phenylindenyl; 2-methyl indenyl; 2-methyl,4-[3',5'-
20 di-t-butylphenyl]indenyl;  2-ethyl-4-[3',5'-di-t-butylphenyl]indenyl,  2-n-propyl-4-[3',5'-di-t-
butylphenyl]indenyl;  2-iso-propyl-4-[3',5'-di-t-butylphenyl]indenyl;  2-iso-butyl-4-[3',5'-di-t-
butylphenyl]indenyl;  2-n-butyl-4-[3',5'-di-t-butylphenyl]indenyl;  2-sec-butyl-4-[3',5"-di-t-
butylphenyl]indenyl; 2-methyl-4-[3',5'-di-phenylphenyl]indenyl; 2-cthyl-4-[3',5'-di-
phenylphenyl]indenyl; 2-n-propyl-4-[3',5'-di-phenylphenyl]indenyl;  2-iso-propyl-4-[3',5'-di-
25 phenylphenyljindenyl;  2-n-butyl-4-[3',5'-di-phenylphenyl]indenyl;  2-sec-butyl-4-[3',5'-di-
phenylphenyllindenyl; 2-tert-butyl-4-[3',5'-di-phenylphenyl]indenyl; and the like. Further
illustrative, but not limiting cxamples of preferred stercospecific metallocene compounds are the
racemic isomers of 9-silafluorenylbis(indenyl) metal dichloride, -dicthyl or -dimcthyl, whercin
the metal is titanium, zirconium or hafnium. Again, unsubstituted indenyl radicals are
30 particularly preferred. In some embodiments, however the two indenyl groups may be replaced,

independently of each other, by any of the substituted indenyl radicals listed above.

-19-



5 100 120 20 4.4 3.3 495.0 0.00667 660.0 Table Ib: Metallocene Activator

(g/mol) Mh (g/nmol) MM Mh vinylenes tri-sub vinyls vinylidenes Tm ( DSC)
OCAH' jig Cony. %A 1 7,508 3,943 1.9 0.07 0.06 1.58 1.89 70.8 23.4 A
18

, 169 3, 451

[0071] Particularly preferred metallocenes as transition metal compounds for use in the
catalyst systems of the present invention together with the activators of formula (1) or (2)
defined above for use in polymerizing olefins are rac-dimethylsilylbis(indenyl) hafnocenes or -
zirconocenes, rac-dimethylsilylbis(2-methyl-4-phenylindenyl) hafnocenes or -zirconocenes, rac-
5 dimethylsilylbis(2-methyl-indenyl) hafhocenes or -zirconocenes, and rac-dimethylsilylbis(2-
methyl-4-naphthylindenyl) hafnocenes or -zirconocenes, wherein the hafnium and zirconium
metal is substituted, in addition to the bridged bis(indenyl) substituent, by two further
substituents, which are halogen, preferably chlorine or bromine atoms, or alkyl groups,
preferably methyl and/or ethyl groups. Preferably, these additional substituents are both chlorine

10 atoms or both methyl groups. Particularly preferred transition metal compounds are
dimethylsilylbis(indenyl)hafnium dimethyl, rac-dimethylsilylbis(indenyl)zirconium dimethyl,
rac-cthylenylbis(indenyl)zirconium dimethyl, and rac-ethylenylbis(indenyl)hafnium dimethyl.
[0072] Ilustrative, but not limiting examples of preferred non-stercospecific metallocene
catalysts arc: [dimcthylsilancdiyl(tctramethyleyclopentadienyl)-(cyclododecylamido)jmetal

15 dihalide, [dimethylsilanediyl(tetramethylcyclopentadienyl)(t-butylamido)]metal dihalide,
[dimethylsilanediyl(tetramethylcyclopentadienyl)(exo-2-norbornyl)metal dihalide, wherein the
metal is Zr, Hf, or Ti, preferably Ti, and the halide is preferably chlorine or bromine.

[0073] In a preferred embodiment, the transition metal compound 1s a bridged or unbridged
bis(substituted or unsubstituted indenyl) hafnium dialky! or dihalide.

20 [0074] Finally, also non-metallocene compounds that are active in catalyzing olefin
polymerization reactions are suitable as the transition metal compound in the catalyst systems
and the processes of the present invention. A particularly preferred species of non-metallocene
catalysts are the pyridyl amines disclosed e.g. in WO 03/040201.

Preferred Catalyst Systems

25 [0075] Preferred combinations of transition metal compound and activator in the catalyst
systems for olefin polymerization according to the present invention comprise the following
components:

- a metallocene compound, preferably a dialkylsilyl-bridged bis(indenyl) metallocene, wherein
the metal is a group 4 metal and the indenyl is unsubstituted, or if substituted, is substituted

30 by one or more substituents selected from the group consisting of a Cy to Cyg alkyl, Csto Cs

aryl, Cs to Cys arylalkyl, and Cg to C,s alkylaryl; more preferably dimethylsilylbis(indenyl)
mctal dichloride or -dimethyl, cthylenylbis(indenyl) metal dichloride or -dimcthyl,

-20 -



2.37 0.1 0.11 1.49 1.99 81.7 27.7 22.4 A1 5,398 2,323 2.32 0.12 0.14 2.28
2.68 84.02 16.6 38.2 A 2 10,175 4,648 2.19 0.12 0.29 1.21 1.55 98.1 39.8
7.6 A2 7,881 3,781 2.08 0.1 0.27 1.66 1.93 76.34 22.8 A 3 9,686

dimethylsilylbis(2-methyl-4-phenylindenyl) metal dichloride or -dimethyl,
dimethylsilylbis(2-methyl-indenyl) metal dichloride or -dimethyl, and dimethylsilylbis(2-
methyl-4-naphthylindenyl) metal dichloride or -dimethyl, wherein in all cases the metal may
be zirconium or hafnium,
5 - acationic component [R'R’R’AH]" wherein preferably A is nitrogen, R' and R? are together an
-(CHz).- group, wherein a is 3, 4, 5 or 6 and form, together with the nitrogen atom, a 4-, 5-,
6- or 7-membered non-aromatic ring to which, via adjacent ring carbon atoms, optionally
one or more aromatic or heteroaromatic rings may be fused, and R?is C 1, C2, Cs, Cqor Cs
alkyl, more preferably N-methylpyrrolidinium or N-methylpiperidinium; or a cationic
10 component [R,AH]" wherein preferably A is nitrogen, n is 3 and all R are identical and are
C, to Ci alkyl groups, more preferably trimethylammonium or triethylammonium; and
- an anionic component [Y] which is an NCA, preferably of the formula [B(R"),]", with R? being
an aryl group or a substituted aryl group, of which the one or more substituents are identical
or different and are selected from the group consisting of alkyl, aryl, a halogen atom,
15 halogenated aryl, and haloalkylaryl groups, preferably perhalogenated aryl groups, more
preferably perfluorinated aryl groups, and more preferably pentafluorophenyl,
heptafluoronaphthyl or perfluorobiphenyl.
[0076] More preferably, the activator for use in any of the polymerization processes
according to the present invention is trimethylammonium tetrakis(pentafluorophenyl)borate, N-
20 methylpyrrolidinium tetrakis(pentafluorophenyl)borate, trimethylammonium
tetrakis(heptafluoronaphthyl)borate, or N-mcthylpyrrolidinium tetrakis(heptafluoronaphthyl)
borate. The metallocene is preferably rac-dimethylsilyl bis(indenyl)zirconium dichloride or -
dimethyl, rac-dimethylsilyl bis(indenyl)hafnium dichloride or -dimethyl, rac-ethylenyl
bis(indenyl)zirconium dichloride or -dimethyl or rac-cthylenyl bis(indenyl)hafhium dichloride
25  or -dimethyl.
[0077] In another embodiment, a preferred transition metal compound comprises a bis

indenyl compound represented by the formula:



4,376 2.21 0.12 0.02 1.14 1.9 94.7 35 10.7 A3 7,571 3,345 2.26 0.14 0.09
1.44 2.01 74.9 23.0 A4 9,352 4,037 2.32 0.14 0.08 1.18 1.94 93.4 36.4 9.1
A 4 10,867 4,775 2.28 0.08 0.14 1.13 1.71 100.6 40.6 25.9 A5

R3 R4
Rs
R2 /\
Re
R
T M R7
7
R
\ Re

Rs Ry
wherein M is a group 4 metal, preferably hafnium, T is a bridging group (such as an alkylene
(methylene, ethylene) or a di substituted silyl or germyl group, (such as dimethyl silyl)), n is 0
or 1, Ry, Ry, Ry, Rs, Re, and Ry are hydrogen, a heteroatom, a substituted heteroatom group, a
5 substituted or unsubstituted alkyl group, and a substituted or unsubstituted aryl group
(preferably a substituted or unsubstituted alkyl or a substituted or unsubstituted aryl group). In a
preferred embodiment R; is hydrogen. In another preferred embodiment R, and Ry are hydrogen.
In another preferred embodiment R, is hydrogen and Ry is C to Cy alkyl (preferably methyl) or
an aryl group (such as substituted or unsubstituted phenyl). In another preferred embodiment R;

10 and R4 are methyl. In another embodiment R; and R4 are not methyl. In another embodiment
R; is not methyl. In another preferred embodiment, Rz, R4, Rs, Rs, and R7 are hydrogen and R,
is substituted or unsubstituted alkyl or substituted or unsubstituted aryl (preferably methyl). In
another preferred embodiment, R, Ri, Rs, Re, and R; are hydrogen and Ry is substituted or
unsubstituted alkyl or substituted or unsubstituted aryl (preferably methyl or phenyt).

15 [0078] Any catalyst system resulting from any combination of the preferred metallocene
compound, preferred cationic component of the activator and preferred anionic component of
the activator mentioned in the preceding paragraph shall be explicitly disclosed and may be used
in accordance with the present invention in the polymerization of one or more olefin
monomerse. Also, combinations of two different activators can be used with the same or

20  different metallocene(s).

Scavengers or Additional Activators

[0079] The catalyst systems suitable for all aspects of the present invention may contain, in
addition to the transition metal compound and the activator described above, also additional
(additional activators or scavengers) as explained in the following.

25 [0080] A co-activator is a compound capable of alkylating the transition metal complex,

such that when used in combination with an activator, an active catalyst is formed. Co-
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activators include alumoxanes as mentioned in the following, and aluminum alkyls as further
listed below. An alumoxane is preferably an oligomeric aluminum compound represented by the
general formula (R*-Al-O),, which is a cyclic compound, or R* (R*-Al-0),AIRY;, which is a
linear compound. Most common alumoxane is a mixture of the cyclic and linear compounds. In
the general alumoxane formula, R* is independently a C-Cy alkyl radical, for example, methyl,
cthyl, propyl, butyl, pentyl, isomers thereof, and the like, and “n” is an integer from 1-50. More
preferably, R* is mcthyl and “n” is at lcast 4. Methyl alumoxanc (MAO) as well as modified
MAO, referred to herein as MMAO, containing some higher alkyl groups to improve the
solubility, ethyl alumoxane, iso-butyl alumoxane and the like are useful herein. Particularly
useful MAO can be purchased from Albemarle in a 10 wt% solution in toluene. Co-activators
are typically only used in combination with Lewis acid activators and ionic activators when the
pre-catalyst is not a dihydrocarbyl or dihydride complex.

[0081] In some embodiments of the invention, scavengers may be used to “‘clean” the
rcaction of any poisons that would othcrwise rcact with the catalyst and deactivate it. Typical
aluminum or boron alkyl components useful as scavengers arc represented by the general
formula R*JZ, where J is aluminum or boron, R* is a C;-Cy alkyl radical, for example, methyl,
ethyl, propyl, butyl, pentyl, and isomers thereof, and each Z is independently R* or a different
univalent anionic ligand such as halogen (Cl, Br, I), alkoxide (OR") and the like. More
preferred aluminum alkyls include triethylaluminum, diethylaluminum chloride, ethylaluminium
dichloride, tri-iso-butylaluminum, tri-r-octylaluminum, tri-n-hexylaluminum,
trimethylaluminum and combinations thercof. Preferred boron alkyls include triethylboron.
Scavenging compounds may also be alumoxanes and modified alumoxanes including
methylalumoxane and modified methylalumoxane.

Method of Preparing Catalyst System

[0082] The catalyst systems of the present invention can be prepared according to methods
known in the art. For obtaining the cations of the activators of formula (1) or (2) as defined
hercinabove, for cxample ammonium cations can be provided as salts that can be synthesized by
the reaction of an amine with an acid in which the conjugate base of the acid remains as the
counteranion or is exchanged with other anions. See “Organic Chemistry”, Pine et al. 4™ edition,
McGraw-Hill, 1980. A useful synthesis for example is the reaction of a slight excess of HCI (as
an Et,O solution) with the amine in hexanes resulting in the immediate precipitation of the

amine hydrochloride. The chloride can be replaced by anion exchange with a suitable NCA
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according to the present invention. Sce references Chemische Berichte, 1955, 88, p. 962, or US
5,153,157 and references therein. Phosphines and ethers are similarly protonated with acids and
can undergo anion exchange reactions to the desired phosphonium salts, sce for example DE

2116439.

5 Supports
[0083] Preferably the catalyst systems of this invention include a support material or carrier.

The support material is any of the conventional support materials. Preferably the supported
material 18 a porous support material, for example, talc, and inorganic oxides. Other support
materials include zeolites, clays, organoclays, or any other organic or inorganic support material

10 and the like, or mixtures thereof. In a preferred embodiment the transition metal compound
and/or the activator are supported on a solid support, wherein the support comprises silica or
alumina.
[0084] Preferred support matcrials arc inorganic oxides that include Group 2, 3, 4, 5, 13 or
14 metal oxides. Preferred supports include silica, which may or may not be dehydrated, fumed

15 silica, alumina (WO 99/60033), silica-alumina and mixtures thereof. Particularly useful
supports include magnesia, titania, zirconia, montmorillonite (FEuropean Patent EP-B1 0 511
665), phyllosilicate, zeolites, talc, clays (U.S. Patent No. 6,034,187) and the like. Also,
combinations of these support materials may be used, for example, silica-chromium, silica-
alumina, silica-titania and the like.

20 [0085] It is preferred that the support material, more preferably an inorganic oxide, have a
surface area in the range of from about 10 to about 700 mz/ g, pore volume in the range of from
about 0.1 to about 4.0 cc/g and average particle size in the range of from about 5 to about 500

um. More preferably, the surface area of the support material is in the range of from about 50 to

about 500 rn.z/g, pore volume of from about 0.5 to about 3.5 cc/g and average particle size of

25 from about 10 to about 200 um. More preferably the surface area of the support material is in

the range is from about 100 to about 400 mz/g, pore volume from about 0.8 to about 3.0 cc/g and
average particle size is from about 5 to about 100 um. The average pore size of the carrier
useful in the invention typically has pore size in the range of from 10 to 1000A, preferably 50 to
about 500A, and more preferably 75 to about 350A.

30 ]0086] In another embodiment the support may comprise one or more types of support

material, which may be treated differently. For example one could use two different silicas that
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had different pore volumes or had been calcined at different temperatures. Likewisc one could

use silica that had been treated with a scavenger or other additive and silica that had not.

[0087] Preferably the supports have been calcined at temperatures above 500 °C, preferably

above 550 °C, preferably at 600 °C or above, preferably above 650 °C, preferably at 700 °C or
5 above, preferably above 750 °C, preferably at 800 °C or above.

[0088] In an alternate embodiment, the supports have been calcined at temperatures above

200 °C, preferably above 300 °C, preferably at 400 °C or above.

[0089] In another embodiment, the supports have not been calcined.

Method of Supporting Catalyst System

10 [0090] The catalyst systems of the invention are supported on a suitable support as explained
hereinabove according to the methods known in the art. Typically a support is first modificd
with reagents that react with hydroxy groups to render these less reactive with the cationic
transition metal complex. Such reagents would include aluminum alkyls such as AlEt,, Al'Bus,
etc. Other reagents would include MMAOQO, MAGO, silanes containing Si-H, chloro-silanes of the

15  general formula RSiCly, Si-OEt compounds, etc. The activator of formula (1) or (2) can then be
reacted with the transition metal compound, preferably the metallocene, in a separate step and
then supported on the modificd support. Also, the transition metal compound, preferably the
metallocene, can be supported first on the modified support followed by the activator.
Alternatively, the activator is supported first on the modified supported, followed by the

20 transition metal compound (the metallocene).

Monomers

[0091] The catalyst systems described herein can be used for the polymerization of one or
more olefin monomers. Typical monomers include unsaturated monomers having from 2 to 30
carbon atoms, preferably 2 to 12 carbon atoms, and more preferably 2 to 8 carbon atoms. Useful

25 monomers include linear, branched or cyclic olefins; linear branched or cyclic alpha olefins;
linear, branched or cyclic diolefins; linear branched or cyclic alpha-omega diolefins; and linear,
branched or cyclic polyenes. Preferred monomers include one or more of ethylene, propylene,
butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1,
norbornene, norbornadiene, vinyl norbornene, and cthylidene norbornene monomers.

30 [0092] In onc embodiment the process of this invention relates to the homopolymerization of
cthylenc or the copolymerization of cthylene with at lcast onc comonomer having from 3 to 8

carbon atoms, preferably 4 to 7 carbon atoms. Particularly, the comonomers are propylene,
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butene-1, 4-methyl-pentene-1, 3-methyl-pentenc-1, hexene-1 and octene-1, the more preferred
being hexene-1, butene-1 and octene-1. Preferably the comonomer(s) are present in the ethylene
copolymer at from 0.1 to 50 mol%, preferably 1 to 30 mol%, preferably 1 to 20 mol%.
[0093] In another, preferred embodiment the process of this invention relates to the
5 homopolymerization of propylene or the copolymerization of propylene. In the case of
copolymerization, the comonomer of the copolymer is preferably ethylene and/or a Cy4 to Cy
linear, branched or cyclic monomer, and in one embodiment is a C4 to Cy, linear or branched
alpha-olefin, preferably butene, pentene, hexene, heptene, octene, nonene, decene, dodecene, 4-
methyl-pentene-1, 3-methyl pentene-1, 3,5,5-trimethyl-hexene-1, and the like. The comonomer,
10 preferably ethylene, is present in from 0.5 to 99 mol%, preferably from 1 to 60 mol%, more
preferably from 1 to 50 mol%, more preferably from 1 to 35 mol%, more preferably from 2 to
30 mol%, more preferably from 2 to 25 mol%, and more preferably from 2 to 15 mol%, based
on the entire polymer.
[0094] In another embodiment the polymer produced herein is a homopolymer or copolymer
15 of one or more linear or branched C; to Cjy prochiral alpha-olefins or Cs to Csg ring containing
olefins or combinations thereof capable of being polymerized by either stereospecific and non-
stereospecific catalysts. Prochiral, as used herein, refers to monomers that favor the formation
of isotactic or syndiotactic polymer when polymerized using stereospecific catalyst(s).
[0095] In another embodiment, the monomer to be polymerized comprises aromatic-group-
20  containing monomers containing up to 30 carbon atoms. Suitable aromatic-group-containing
monomers comprise at least one aromatic structure, preferably from one to three, more
preferably a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-group-containing
monomer further comprises at least one polymerizable double bond such that after
polymerization, the aromatic structure will be pendant from the polymer backbone. The
25  aromatic-group containing monomer may further be substituted with onc or more hydrocarbyl
groups including but not limited to C, to Cjs alkyl groups. Additionally two adjacent
substitutions may be joined to form a ring structure. Preferred aromatic-group-containing
monomers contain at least one aromatic structure appended to a polymerizable olefinic moiety.
Particularly preferred aromatic monomers include styrene, alpha-methylstyrene, para-
30 alkylstyrenes, vinyltoluenes, vinylnaphthalene, allyl benzene, and indene, especially styrene,

paramethyl styrene, 4-phenyl-1-butene and allyl benzene.
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[0096] Non aromatic cyclic group containing monomers are also useful monomers herein.
These monomers can contain up to 30 carbon atoms. Suitable non-aromatic cyclic group
containing monomers preferably have at least one polymerizable olefinic group that is either
pendant on the cyclic structure or is part of the cyclic structure. The cyclic structure may also be
further substituted by one or more hydrocarbyl groups such as, but not limited to, C to Cy alkyl
groups. Preferred non-aromatic cyclic group containing monomers include vinylcyclohexane,
vinylcyclohexene, vinylnorbornene, ethylidene norbomene, cyclopentadiene, cyclopentene,
cyclohexene, cyclobutene, vinyladamantane and the like.

[0097] Preferred diolefin monomers useful in this invention include any hydrocarbon
structure, preferably Cs to Csg, having at least two unsaturated bonds, wherein at least two of the
unsaturated bonds are readily incorporated into a polymer by either a stereospecific or a non-
stereospecific catalyst(s). It is further preferred that the diolefin monomers be selected from
alpha, omecga-dicnc monomers (i.c. di-vinyl monomers). More preferably, the diolefin
monomers are linear di-vinyl monomers, more preferably those containing from 4 to 30 carbon
atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene, heptadiene,
octadiene, nonadiene, decadiene, undecadiene, dodecadiene, tridecadiene, tetradecadiene,
pentadecadiene, hexadecadiene, heptadecadiene, octadecadiene, nonadecadiene, icosadiene,
heneicosadiene, docosadiene, tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene,
heptacosadiene, octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes
include 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene, 1,11-
dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, and low molecular weight polybutadienes
(Mw less than 1000 g/mol). Preferred cyclic dienes include cyclopentadiene, vinylnorbornene,
norbornadiene, ethylidene norbornene, divinylbenzene, dicyclopentadiene or higher ring
containing diolefins with or without substituents at various ring positions.

[0098] In a preferred embodiment onc or more dienes arc present in the cthylene and/or
propylene-bascd polymer produced herein at up to 10 weight %, preferably at 0.00001 to 1.0
weight %, preferably 0.002 to 0.5 weight %, even more preferably 0.003 to 0.2 weight %, based
upon the total weight of the polymer. In some embodiments 500 ppm or less of diene is added
to the polymerization, preferably 400 ppm or less, preferably or 300 ppm or less, based upon the
total weight of the polymer. In other embodiments at least 50 ppm of diene is added to the
polymerization, or 100 ppm or more, or 150 ppm or more, based upon the total weight of the

polymer.
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[0099] In another embodiment cthylene and/or propylene is/are polymerized with at least
two different comonomers to form a terpolymer. Preferred comonomers include a combination
of alpha-olefin monomers having 4 to 10 carbon atoms, more preferably 4 to 8 carbon atoms,
optionally with at least one diene monomer. Preferred terpolymers include ethylene/butene-
5 l/hexene-1, ethylene/propylene/butene-1, propylene/ethylene/hexene-1,
ethylene/propylene/octene-1, ethylene/propylene/norbornene and the like.
[00100] More preferably, the process of the present invention is for the polymerization of
propylene to form homopolypropylene or together with another monomer, preferably ethylene,
to form propylene copolymers.

10 Polvmerization Processes

[00101] The present invention also relates to a process for polymerizing one or more olefins,
preferably propylenc, cither alone or in the presence of another comonomer, such as ethylene,
the process comprising contacting under polymerization conditions one or more olefin
monomers with a catalyst system comprising an activator of formula (1) as defined above. Thus,
15 analogously, the present invention also relates to the use of a compound of formula (1) as
defined above as an activator in a catalyst system for the polymerization of one or more olefins,
preferably propylene, either alone or in the presence of another comonomer, such as ethylene.
[00102] Additionally, the present invention relates to a process for polymerizing one or more
olefins, preferably propylene, either alone or in the presence of another comonomer, such as
20 ethylene, the process comprising contacting under polymerization conditions one or more olefin
monomers with a catalyst system comprising an activator of formula (2) as defined above. One
characteristic of this process is that the Mw of the polymer formed increases or at least does not
substantially decrease with increasing monomer conversion at one given reaction temperature.
For the purposes of this invention, by stating that at a given reaction temperature the weight
25 average molecular weight (Mw) of the polymer formed increases or at least does not
substantially decrease with increasing monomer conversion it is meant that the slope of the Mw
versus the monomer conversion is positive or essentially zero over the entire range of monomer
conversion. To quantify, with the processes and the catalyst systems of the present invention the
Mw does not decrease more than 20 %, preferably the Mw does not decrease more than 15 %,
30  more preferably the Mw does not decrease more than 9 %, and more preferably the Mw does not

decrease more than 5 % for each further 5 % of monomer conversion. Increased conversion can
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be achieved by means of a low monomer concentration in the feed, a higher catalyst
concentration or simply by longer reaction times.
[00103] In the processes of the present invention, using a catalyst system comprising an
activator of formula (1) or (2) in combination with a transition metal compound propylene
5 homo- or copolymers can be obtained that have high melting points and/or high Mw.
[00104] The catalyst systems described above are suitable for use in a solution, bulk, gas or
slurry polymerization process or a combination thereof, preferably solution phase or bulk phase
polymerization process. Preferably the process is a continuous process. By continuous is meant
a system that operates without interruption or cessation. For example a continuous process to
10 produce a polymer would be one where the reactants are continually introduced into one or more
reactors and polymer product is continually withdrawn.
[00105] In onc embodiment, this invention is directed toward the solution, bulk, slurry or gas
phase polymerization reactions involving the polymerization of one or more of monomers as
defined above. Preferably a homopolypropylene or a copolymer of propylene and ethylene
15 and/or more other alpha-olefins or diolefins as listed above is produced.
[00106] One or more reactors in series or in parallel may be used in the present invention.
Catalyst precursor and activator may be delivered as a solution or slurry, either separately to the
reactor, activated in-line just prior to the reactor, or preactivated and pumped as an activated
solution or slurry to the reactor. A preferred operation is two solutions activated in-line. For
20  more information on methods to introduce multiple catalysts into reactors, please see US
6,399,722, and WO 01/30862A1. While these references may emphasize gas phase reactors, the
techniques described are equally applicable to other types of reactors, including continuous
stirred tank reactors, slurry loop reactors and the like. Polymerizations are carried out in either
single reactor operation, in which monomer, comonomers, catalyst/activator, scavenger, and
25 optional modifiers arc added continuously to a single rcactor or in serics reactor operation, in
which the above components are added to each of two or more reactors connected in series. The
catalyst compounds can be added to the first reactor in the series. The catalyst component may
also be added to both reactors, with one component being added to first reaction and another
component to other reactors.
30 [00107] In one embodiment 500 ppm or less (wt basis) of hydrogen is added to the
polymerization reactor, or 400 ppm or less, or 300 ppm or less. In other embodiments at least

50 ppm of hydrogen is added to the polymerization mixture, or 100 ppm or morc, or 150 ppm or
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more.
[00108] One characteristic feature of the olefin polymerization process according to the
present invention comprising the use of the catalyst systems having activators of formula (1) or
(2) according to the present invention is that, at one given reaction temperature the Mw of the
5 polymer formed increases (or at least does not substantially decrease, as explained above) with
increasing monomer conversion. This is illustrated in Figure 1. This behavior is quite different
from known polymerization processes using conventional catalyst systems, where - in contrast
to the present invention - the slope of the Mw versus the monomer conversion is usually
negative. Again, without wishing to be bound by this theory, it is believed that the balanced
10 coordination strength (or basicity) of the Lewis base originating from the proton-depleted
cationic component of the activator is the reason for this unusual characteristic.
[00109] The fact that higher Mw polymers can be produced at higher monomer conversion
rates mcans that the conversion can be increased in commercial reactors, ¢.g. by using low
monomer concentration in the feed or long run times, by using a higher catalyst concentration,
15 or by raising the reaction temperature, which makes them more efficient by reducing the
monomer concentration in the effluent and reducing operation cost associated with monomer
separation and recirculation. In many processes to date, conversion rate is controlled in order to
keep the Mw (and the melting point) of the resulting polymer sufficiently high, which had a
limiting effect on the quantity of the production output. This limitation is overcome or at least
20 alleviated by the present invention.
[00110] This effect is particularly shown by the less substituted metallocenes used together
with the more coordinating amines, such as by rac-dimethylsilylbisindenylhafnium dimethyl,
rac-dimethylsilylbisindenylzirconium dimethyl, rac-dimethylgermylbisindenythafnium
dimethyl, rac-ethylenebisindenylhafnium dimethyl, rac-ethylenebisindenylzirconium dimethyl.
25 More substituted metallocenes may show this effect with highly coordinating amines.
[00111] Depending on which monomer(s) is/are to be polymerized, various polymerization
processes (gas phase, slurry phase, solution polymerization) may be used in connection with the
present invention.

Gas Phase Polvmerization

30 [00112] Generally, in a fluidized gas bed process useful herein for producing polymers, a
gaseous stream containing one or more monomers is continuously cycled through a fluidized

bed in the presence of a catalyst under reactive conditions. The gascous stream is withdrawn
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from the fluidized bed and recycled back into the reactor. Simultancously, polymer product is
withdrawn from the reactor and fresh monomer is added to replace the polymerized monomer.
See for example U.S. Patent Nos. 4,543,399; 4,588,790; 5,028,670; 5,317,036, 5,352,749;
5,405,922; 5,436,304; 5,453,471; 5,462,999, 5,616,661 and 5,668,228.

Slurry Phase Polymerization

[00113] A slurry polymerization process generally operates between 1 to about 50
atmosphere pressure range (15 psi to 735 psi, 103 kPa to 5068 kPa) or even greater and
temperatures in the range of 0 °C to about 120 °C. In a slurry polymerization, a suspension of
solid, particulate polymer is formed in a liquid polymerization diluent medium to which
monomer and comonomers along with catalyst system are added. The suspension including
diluent is intermittently or continuously removed from the reactor where the volatile
components are separated from the polymer and recycled, optionally after a distillation, to the
reactor. The liquid diluent employed in the polymerization medium is typically an alkane
having from 3 to 7 carbon atoms, preferably a branched alkane. The medium employed should
be liquid under the conditions of polymerization and relatively inert. Preferably, a hexane or an
isobutane medium is employed.

[00114] In one embodiment, a preferred polymerization technique useful in the invention is
referred to as a particle form polymerization or a slurry process where the temperature is kept
below the temperature at which the polymer goes into solution. Such technique is described in
U.S. Patent No. 3,248,179, which is fully incorporated herein by reference. A preferred
temperature in the particle form process is within the range of about 85°C to about 110°C. Two
preferred polymerization methods for the slurry process are those employing a loop reactor and
those utilizing a plurality of stirred reactors in series, parallcl, or combinations thercof. Non-
limiting examples of slurry processes include continuous loop or stirred tank processes. Also,
other examples of slurry processes are described in U.S. Patent No. 4,613,484, which is herein
fully incorporated by reference.

[00115] In the slurry process useful in the invention the total reactor pressure is in the range
of from 400 psig (2758 kPa) to 800 psig (5516 kPa), preferably 500 psig (3448 kPa) to about
650 psig (4482 kPa), more preferably from about 525 psig (3620 kPa) to 625 psig (4309 kPa).
The concentration of predominant monomer in the reactor liquid medium may be in the range of
from about 1 to 10 weight percent, preferably from about 2 to about 7 weight percent, more

preferably from about 2.5 to about 6 weight percent, more preferably from about 3 to about 6
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weight percent.

Homogeneous, Bulk, or Solution Phase Polymerization

[00116] The catalyst systems described herein can be used advantageously in homogeneous
solution processes. Generally this involves polymerization in a continuous reactor in which the
5 polymer formed and the starting monomer and catalyst materials supplied are agitated to reduce
or avoid concentration gradients. Some useful processes operate above the cloud point of the
polymers at high pressures. Reaction environments include the case where the monomer(s) acts
as diluent or solvent as well as the case where a liquid hydrocarbon is used as diluent or solvent.
Preferred hydrocarbon liquids include both aliphatic and aromatic fluids such as desulphurized
10 light virgin naphtha and alkanes, such as propane, isobutene, mixed butanes, hexane, pentane,
isopentane, isohexane, cyclohexane, isooctane, and octane.
[00117] Temperature control in the reactor is typically obtained by balancing the heat of
polymecrization with reactor cooling by rcactor jackets or cooling coils to cool the contents of the
reactor, auto refrigeration, pre-chilled feeds, vaporization of liquid medium (diluent, monomers
15 or solvent) or combinations of all three. Adiabatic reactors with pre-chilled feeds may also be
used. The reactor temperature also depends on the catalyst used. In general, the reactor
temperature is in the range from about 30 °C to about 250 °C, preferably from about 60 °C to
about 200 °C, more preferably from about 70 °C to about 180 °C, more preferably from about
80 °C to about 160 °C, and more preferably from about 100 °C to about 140 °C. Polymerization
20 tcmperature may vary depending on catalyst choice. In series operation, the second rcactor
temperature is preferably higher than the first reactor temperature. In parallel reactor operation,
the temperatures of the two reactors are independent. The pressure is generally in the range
from atmospheric pressure up to high pressures such as about 300 MPa, about 200 MPa or about
100 MPa. Also lower pressures up to about 50, about 40, about 30, about 20 or about 15 MPa
25  are suitable. The lower end of the possible pressure range may be anything from about 0.1 MPa,
such as 0.5 MPa, about 1 MPa or about 2.0 MPa. The monomer concentration in the reactor
(bascd on the entirc recaction mixture) may be anywhere from very dilutc up to using the
monomer as the solvent (e.g. polymerizing propylene in bulk propylene). Suitable monomer
concentrations may be, for example up to about 2 mol/L, up to about 5 mol/L, up to about 10
30 mol/L, or even higher, such as up to about 15 mol/L.
[00118] In one embodiment 500 ppm or less of hydrogen is added to the polymerization

mixture, or 400 ppm or less or 300 ppm or less. In other embodiments at least 50 ppm of

-32.



7 39768 19095 2.1 0.06 0.1 0.52 0.47 18.1 57.9 3.6 103.9
A 7 16555 5877 2.82 0.08 0.2 2.26 0.34 89.9 47.9 34.8

116. 4

10

15

20

30

hydrogen is added to the polymerization mixture, or 100 ppm or more, or 150 ppm or more.
[00119] Each of these processes may also be employed in single reactor, parallel or series
reactor configurations in a suitable diluent or solvent. Hydrocarbon solvents are suitable, both
aliphatic and aromatic. Alkanes, such as n- or isohexane, pentane, isopentane, and octane, are
preferred. Also, chlorinated or fluorinated hydrocarbons may be used as solvents. Suitable
fluorinated hydrocarbons listed in WO 2004/058828.

[00120] Finally, all polymerization conditions specifically disclosed in WO 2004/026921,
WO 2004/056953 and U.S. Provisional Application No. 60/933,007, which are incorporated
herein by reference, may be used in the processes of the present invention.

Preferred Polymerization Process

[00121] Preferably, the polymerization processes according to the present invention using
activators of formula (1) or (2) in combination with a transition metal compound, preferably a
metallocene, are solution processes, wherein polymerization is conducted at a temperature of at
least about 60 °C, preferably at least about 80 °C, more preferably of at least about 100 °C, more
preferably of at least about 120 °C, more preferably at least about 140 °C. Preferably, the
polymerization processes according to the present invention using activators of formula (1)
and/or (2) in combination with a metallocene as described above are run with a monomer
conversion of from5 to 95%, alternately 5 to 95%, alternately from 5 to 90%, alternately from 5
to 85%, alternately from 5 to 80%, alternately from 5 to 75%, altcrnately from 5 to 70%,
alternately from 5 to 65%, alternately from 5 to 60%, alternately from 7.5 to 60%, alternately
from 7.5 to 55%, alternately from 7.5 to 50%, and alternately from 10 to 50%, all percentage
being based on the theoretically possible 100% conversion. For the purposes of the present
invention the conversion is calculated on a weight basis (the actual amount (weight in gram)
polymer obtained, divided through the theoretically possible amount (again weight in gram) of
polymer if all monomer was converted into polymer). As an example, as propylene has a density
of 0.52 g/mL, if 100 mL propylenc monomer is fed into the rcactor, theorctically 52 g
polypropylene could be obtained (assuming a theoretical 100% conversion). The % conversion
achieved in a particular polypropylene reaction run with 100 mL of propylene feed is therefore
calculated as follows: conversion {%] = (actual weight (g) polypropylene recovered /52 g) x
100%. So, for example, if 5.2 g of polymer are recovered, the conversion would be 10%.

[00122]  Particularly preferred polymerization processes according to the present invention

include the following:
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- A process for polymerizing onc or more olcfins, preferably propylene, optionally in
combination with another olefin comonomer, the process comprising contacting under
polymerization conditions one or more olefin monomers with a catalyst system
comprising an activator of formula (1) are defined above and are a separate aspect of the

5 present invention. Preferred metallocenes for use in combination with the preferred
activators of formula (1) arc also discloscd above. Preferred activators of formula (1) and
preferred metallocenes for use in this process arc discloscd hercinabove. Preferably, in
this process the polymerization is conducted in (homogeneous) solution and at a
temperature of at least about 80 °C, preferably of at least about 100 °C, more preferably

10 of at least about 120 °C. The solvent may either be an alkane, or it may be the olefin
(propylene) itself.

- A process for polymerizing one or more olefins, preferably propylene, optionally in
combination with one or more other olefin comonomer(s), the process comprising
contacting under polymerization conditions one or more olefin monomers with a catalyst

15 system comprising a metallocene and an activator of formula (2) as defined above,
wherein the Mw of the polymer formed increases with increasing monomer conversion
at a given reaction temperature. Preferred activators of formula (2) and preferred
metallocenes are disclosed hereinabove. A particularly preferred activator of formula (2)
in this process is trimethylammonium tetrakis (pentafluorophenyl) borate or

20 trimethylammonium tetrakis (heptafluoronaphthyl) borate. Particularly preferred
metallocenes in combination with this preferred activator of formula (2) are rac-
dimethylsilyl bis(indenyl) zirconium dimcthyl and -dichloride, rac-dimethylsilyl
bis(indenyl) hafnium dimethyl, rac-cthylenyl bis(indenyl)zirconiumdimethyl and -
dichloride, and rac-ethylenyl bis(indenyl)hafniumdimethyl and -dichloride. Also in this

25 process using an activator of formula (2) preferably the polymerization is conducted in
solution (typically homogeneous) and at a temperature of at least about 80 °C to about
200 °C, preferably of at least about 100 °C to about 180 °C, more preferably of at least
about 120 °C. The solvent may either be an n- or iso-alkane, or it may be the olefin (such
as propylene) itself. Preferably, the monomer (preferably propylene) conversion is from

30 5 to 95%, more preferably from 5 to 85%, and more preferably from 5 to 50 %, the
conversion being calculated based on the amount of monomer in the feed and the amount

of monomer converted in the reactor. The monomer concentration is generally 5
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weight% or morc, such as 10 weight% or more, 20 weight % or more, or 30 weight% or
more, based on the total weight of the polymerization medium including solvent,
monomers and polymers produced.

Polvmer Products

5 [00123] The polymers produced herein include homopolymer and copolymers of ethylene
and/or propylene with optional other monomers. The polymers are obtainable by the processes
as described above. Preferably, the polymers are propylene-based polymers, optionally with
ethylene and/or other alpha-olefin comonomers being present.

[00124] The polymers, especially the propylene-based polymers, produced with the

10 polymerization processes according to the present invention (and using the catalyst systems
according to the present invention comprising activators of formula (1) and/or (2)) may have
higher melting points and a higher Mw than polymers prepared by comparative processes using
conventional catalyst systems at the same reaction temperaturc. Scc in this regard Figures 2a and
2b, and 3a and 3b. For example, with reference to Figures 2a and 2b, it is illustrated that the

15 choice of the catalyst system, and in particular the cationic component of the activator in said
catalyst system, influences the Mw and the melting point of the resulting polymer achieved at a
certain reaction temperature. It is evident that with the catalyst system according to the
invention, wherein the activator is of formula (1) or formula (2) as defined above, the resulting
polymer has higher Mw and a higher melting point than with a comparable conventional

20  activator in combination with thc samc metallocene compound. The same is also evident from
Figures 3a and 3b. As explained above, without wishing to be bound by this theory, it is
believed that the coordination strength of the Lewis base resulting from the proton-depleted
cationic component of the activator is of importance and is balanced in order to achieve an
optimal effect.

25 [00125] The polymers of the invention generally have an Mw (weight average molecular
weight in g/mol) of at least about 10,000 preferably of at least 20,000, more preferably of at
least 30,000, but may also have a higher Mw of at least 50,000, preferably at least 70,000, more
preferably at least 100,000, more preferably at least 120,000, more preferably at least 130,000,
more preferably at least 140,000, and more preferably at least 150,000.

30 [00126] The polymers described herein generally have an Mw/Mn (polydispersity, PDI,
MWD) of between | and 20, preferably from 1.5 to 15, more preferably from 1.6 to 10, more

preferably from 1.7 to 6, more preferably from 1.9 to 4.5 and more preferably from 2 to 3.
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[00127] The polymers described herein preferably have a melting point of least 75 °C
preferably at least 85 °C , more preferably at least 90 °C, more preferably at least 100 °C, more
preferably at least 110 °C, more preferably at least 120 °C, more preferably at least 130 °C,
more preferably at least 135 °C, and more preferably at least 140 °C.

[00128] The polymers, preferably the propylene-based polymers, of the present invention
preferably have a melting point of at least 70 °C and a weight average molecular weight (Mw)
of at least 10,000, preferably a melting point of at least 90 °C and a Mw of at least 35,000, more
preferably a melting point of at least 100 °C and a Mw of at least 50,000.

[00129]  The polymers of the present invention, generally have a density in the range of from
0.86g/cc to 0.97 g/cc, preferably in the range of from 0.88 g/cc to 0.965 g/cc, more preferably in
the range of from 0.900 g/cc to 0.96 g/cc, even more preferably in the range of from 0.905 g/cc
to 0.95 g/cc, yet cven more preferably in the range from 0.910 g/cc to 0.940 g/ce, and more
preferably greater than 0.915 g/cc.

[00130] In a preferred embodiment the polymer produced comprises at least 50 weight %
propylene, preferably at least 60% propylene, alternatively at least 70% propylene, alternatively
at least 80% propylene.

[00131] In another preferred cmbodiment the polymer produced, compriscs comonomer in
from 0.1 to 99 mol%, preferably from 0.1 to 50 mol%, more preferably from 1 to 35 mol%,
more preferably from 0.2 to 30 mol%, more preferably from 0.2 to 15 mol%, and more
preferably from 0.2 to 10 mol%, based on the entire polymer.

Applications and End-Uses

[00132] The polymers produced by the processes of the invention are useful in making a wide
variety of products and useful in many end-use applications. The polymers produced by the
processes of the invention include lincar low density polycthylencs, clastomers, plastomers, high
density polyethylenes, low density polyethylenes, polypropylenc and polypropylene
copolymers, such as impact and random copolymers.

[00133] Polymers produced by the process of the invention are useful in such forming
operations as film, sheet, and fiber extrusion and co-extrusion as well as blow molding, injection
molding and rotary molding. Films include blown or cast films formed by coextrusion or by
lamination, shrink film, cling film, stretch film, scaling films, oricnted films. The films arc
useful in snack packaging, heavy duty bags, grocery sacks, baked and frozen food packaging,

medical packaging, industrial liners, membranes, etc. in food-contact and non-food contact
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applications. Fibers include melt spinning, solution spinning and melt blown fiber opcerations

for use in woven or non-woven form to make filters, diaper fabrics, medical garments,

geotextiles, etc.  Extruded articles include medical tubing, wire and cable coatings,

geomembranes, and pond liners. Molded articles include single and multi-layered constructions

5 in the form of bottles, tanks, large hollow articles, rigid food containers and toys, etc. Polymers

with low molccular weight can also be used for adhesive applications, particularly for hot melt

adhesives.

[00134] In another embodiment, this invention relates to:

1. A catalyst system comprising a transition metal compound and an activator, the activator
10 having the formula (1):

[R'RR’AH] [YT, (1)

wherein [Y] is a non-coordinating anion (NCA),

A is nitrogen or phosphorus,

R' and R? arc hydrocarbyl groups or heteroatom-containing hydrocarbyl groups and together
15 form a first, 3- to 10-membered non-aromatic ring with A, wherein any number of adjacent ring

members may optionally members of at least one second, aromatic or aliphatic ring or aliphatic

and/or aromatic ring system of two or more rings, wherein said at least one second ring or ring

system is fused to said first ring, and wherein any atom of the first and/or at least one second

ring or ring system is a carbon atom or a heteroatom and may be substituted independently by
20  one or more substituents selected from the group consisting of a hydrogen atom, halogen atom,

Ci to Cyp alkyl, Cs to Cysaryl, Cg to Cys arylalkyl, and Cg to Cys alkylaryl, and

R’ is a hydrogen atom or C; to Cy alkyl, or R* is a C; to Cyo alkylene group that connects to said

first ring and/or to said at least one second ring or ring system.

2. The catalyst system of paragraph 1, wherein A is nitrogen, R' and R* together are a
25  -(CH,),- group with a being 3, 4, 5 or 6, and R” is C, to Cs alkyl.

3. The catalyst system of paragraph 1 or 2, wherein [Y] is [B(RY)4], with R* being an

unsubstituted aryl group or a substituted aryl group, of which the one or more substituents are

identical or different and are selected from the group consisting of C; to Cyg alkyl, Cs to Cysaryl,

a halogen atom, preferably fluorine, halogenated Cy to Cyg alkyl, halogenated Cs to Cs aryl,
30 halogenated Cs to Cas alkylaryl, and halogenated Cs to Cys arylalkyl groups, and wherein R* is

preferably perfluorinated aryl, more preferably pentafluorophenyl, heptafluoronaphthyl or

perfluorobiphenyl.
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4. The catalyst system of any paragraphs 1 to 3, wherein the transition mectal compound is a
metallocene, preferably a dialkylsiladiylbis(indenyl) metallocene, wherein the metal is a group 4
metal and the indenyl is unsubstituted or substituted by one or more substituents selected from
the group consisting of a halogen atom, C; to Cy alkyl, Cs to Cis aryl, Cs to Cys arylalkyl, and
5 Cgto Cys alkylaryl, and the metallocene is more preferably selected from the group consisting of
a rac-dimcthylgermylbis(indenyl)hafnocene or -zirconocenc, a rac-dimethylsilyl bis(indenyl)
hafnocene or -zirconocene, a rac-dimethylsilyl bis(2-methyl-4-phenylindenyl) hafnocenc or -
zirconocene, a rac-dimethylsilyl bis(2-methyl-indenyl) hafnocene or -zirconocene, a rac-
dimethylsilyl bis(2-methyl-4-naphthylindenyl) hafnocene or -zirconocene, or a rac-cthylenyl

10 bis(indenyl) hathocene or -zirconocene, wherein the hafnocene and zirconocene has at least two
leaving groups X; and X, which are, independently, hydrogen, halogen, hydride radicals,
hydrocarby! radicals, substituted hydrocarbyl radicals, halocarbyl radicals, substituted
halocarby! radicals, silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals,
or substituted germylcarbyl radicals; or both X are joined and bound to the metal atom to form a

15 metallacycle ring containing from about 3 to about 20 carbon atoms; or both together can be an
olefin, diolefin or aryne ligand.

5. The catalyst system of any of paragraphs I to 4, wherein the transition metal compound
and/or the activator are supported on a solid support, wherein the support comprises silica or
alumina.

20 6. A process for polymerizing one or more olefins, comprising contacting under
polymerization conditions one or more olefin monomers with a catalyst system according to any
of paragraphs 1 to 5.

7. Use of a compound of formula (1) as defincd in any of paragraphs 1 to 5 as activator of a
transition metal compound in a catalyst system for the polymerization of one or more olefins.

25 8. A process for polymerizing one or more olefins, comprising contacting under
polymerization conditions one or more olefin monomers with a catalyst system comprising a
transition metal compound and an activator having the following formula (2):

[RoAH] [YT, (2)
wherein [Y] is a non-coordinating anion (NCA),

30 A is nitrogen, phosphorus or oxygen,

n is 3 if A is nitrogen or phosphorus, and n is 2 if A is oxygen,

and the groups R are identical or different and are a C; to C; alkyl group,
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wherein at a given reaction temperature the weight average molecular weight (Mw) of the

polymer formed increases or at least does not substantially decrease with increasing monomer

conversion.

9. The process of any of paragraphs 6 or 8, or the use of paragraph 7, wherein the one or
5 more olefins are alpha-olefins, and preferably propylene, optionally in combination with another

alpha-olcfin.

10.  The process of any of paragraphs 6, 8 or 9, or the use of any of paragraphs 7 or 9,

wherein the activator is a combination of at least two different compounds of formula (1) as

defined in any of paragraphs 1 to 5 and/or formula (2) as defined in paragraph 8.

10 11 The process of any of claims 6, 8 or 9, or the use of any of claims 7 or 9, wherein
[R,AH]®  is  trimethylammonium, and [Y] is tetrakis(pentafluorophenyl)borate,
tetrakis(heptafluoronaphthyl)borate or tetrakis (perfluorobiphenyl)borate.

12.  The process or use of paragraph 11, wherein the transition metal compound is a
metallocene selected from the group consisting of a rac-dimethylgermylbis(indenyl)hafnocene

15 or -zirconocene, a rac-dimethylsilyl bis(indenyl) hafnocene or -zirconocene, a rac-dimethylsilyl
bis(2-methyl-4-phenylindenyl) hafhocene or -zirconocene, a rac-dimethylsilyl bis(2-methyl-
indenyl) hafnocene or -zirconocene, a rac-dimethylsilyl bis(2-methyl-4-naphthylindenyl)
hafnocene or -zirconocene, or an ethylenyl bis(indenyl) hatnocene or -zirconocene, wherein the
hafnocene and zirconocene has at least two leaving groups X; and X, which are as defined in

20 paragraph 4.

13, The process of any of paragraphs 6, 8, 9, 10, 11, or 12, or the use of any of claims 7, 9,
10, 11, or 12, wherein the polymerization is conducted in solution and at a temperature of at
least about 80 °C, preferably of at least about 100 °C, more preferably of at least about 120 °C.

14.  The process of any of paragraphs 6, 8, 9, 10, 11, 12, or 13, or the use of any of claims 7,

25 9,10, 11, 12, or 13 wherein the monomer conversion is from 5 to 50 %, preferably 5 to 98%.

15, A polymer obtainable by a process according to paragraph 6 or any of paragraphs 8 to
14.

EXAMPLES

Polymer Characterizations

30 GPC Method "C" - Gel Permeation Chromatography - Alliance 2000 DRI Only

[00135]  This method used a Waters Alliance 2000 gel permeation chromatograph equipped

with a Waters differential refractometer that measures the difference between the refractive
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index of the solvent and that of the solvent containing the fractionated polymer. The system was
used at 145 °C with 1,2,4-Trichlorobenzene (TCB) as the mobile phase that was stabilized with
~250 ppm of butylated hydroxy toluene (BHT). The flow rate used was 1.0 mL/min. Three
(Polymer Laboratories) PLgel Mixed-B columns were used. This technique is discussed in
5 "Macromolecules, Vol. 34, No. 19, pp. 6812-6820" which is incorporated herein by reference.
[00136] The separation efficiency of the column set was calibrated using a series of narrow
molccular weight distribution polystyrene standards, which reflects the expected molecular
weight range for samples and the cxclusion limits of the column set. At lcast 10 individual
polystyrene standards, ranging from Mp ~580 to 10,000,000, were used to generate the
10 calibration curve. The polystyrene standards were obtained from Polymer Laboratories
(Amherst, MA) or an equivalent source. To assure internal consistency, the flow rate was
corrected for each calibrant run to give a common peak position for the flow rate marker (taken
to be the positive inject peak) before determining the retention volume for each polystyrene
standard. The flow marker peak position thus assigned was also used to correct the flow rate
15 when analyzing samples; therefore, it is an essential part of the calibration procedure. A
calibration curve (log Mp vs. retention volume) was generated by recording the retention
volume at the peak in the DRI signal for cach PS standard, and fitting this data set to a second
order polynomial. Polystyrene standards were graphed using Viscotec 3.0 software. Samples
were analyzed using WaveMetrics, Inc. IGOR Pro and Viscotec 3.0 software using updated
20  calibration constants.

Differential Scanning Calorimetry

[00137]  Pcak melting point (Tm) and peak crystallization temperature (Tc), glass transition
temperature (Tg), and heat of fusion (AH) were determined using the following procedure
according to ASTM D3418-03. Differential scanning calorimetric (DSC) data were obtained
25 using a TA Instruments model Q100 machine. Samples weighing approximately 5-10 mg were
sealed in an aluminum hermetic sample pan. The DSC data were recorded by first gradually
heating the sample to 200 °C at a rate of 10 °C/minute. The sample was kept at 200 °C for 5
minutes then cooled down to -90 °C at a rate of 10 °C/minute before a second cooling-heating
cycle was applied. Both the first and second cycle thermal events were recorded. Areas under
30  the endothermic pcaks were mcasured and usced to determine the heat of fusion. The melting

and crystallization temperaturcs reported here were obtained during the sccond heating/cooling

cycle.
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90 80 Metallocenc feed rate (nol/mn) 4.5E-07 4.5E-07 4.5E-07 4.5E-07
4.5E-07 Conversion (% 66.8 67 65 55.1 37.9 M (kg/nol) 10.49 14.85 22.19
39.01 63.83 Mwv (kg/ mol) 25.24 32.70 47.32 74.32 121.36 Mz (kg/nmol) 43.73
54.21 76.35 114.60 190.33 g'vis 0.95 0.95 0.97 0.98 1.01 Tc (C) 70.2 79.0
86.7 90.8 95.6 Tm (C) 104.9 113.9

[00146] N-methylpyrrolidinium hydrochloride (0.50 g, 4.1 mmol) was dissolved in 100 ml

dichloromethane at room temperature. Solid NaB(2-CoF7)4 (4.3 g, 4.1 mmol) was added to the

reaction mixture in portions over 10 minutes. After 1 hour the reaction mixture was allowed to

settle for an additional hour and then filtered through a glass frit to remove NaCl. The light
5 amber-colored filtrate was reduced in vacuo to yield a tan solid. The product was dried in vacuo

an additional hour at 50 °C and the final yield was 4.3 g.

[00147] 'H NMR (C¢Dg) 3 ppm: 8.6 (br s, 1 H), 2.35-2.5 (m, 2 H), 1.57 (d, 3 H), 1.3-1.5 (m, 2

H), .85-1.3 (m, 4 H).

Supported Catalyst Synthesis

10 rac-Dimethylsilylbis(indenyDhafhium dimethyl/

trimethylammonium tetrakis(pentafluorophenyl)borate supported on silica

[00148] Incos ES-757 silca gel, 20 g (calcined at 600 °C) was slurried in 100 ml of toluene
and reacted with 38 g tricthylaluminum (25 wt% in toluene). The mixture was stirred for 12 to
15 hours at ambient temperature. Solid was collected on a glass frit, washed with hexane and

15 dried in vacuo. The modificd support was obtained as a white free-flowing solid (21.8 g). The
modified ES-757 (2.0 g) was slurried in toluene (30 ml) and reacted with Activator 4 (107 mg)
for 30 min. Metallocene A (72 mg) was added and allowed to react for 2 hours. The supported
catalyst was isolated on a glass frit, washed with toluene (30 mLs) and dried in vacuo to yield
1.96 g supported catalyst.

20 Polvmerization Example 1 (see Fig. 1) - Batch Polvmerization of Propvlene

[00149] TIBAL (triisobutylaluminum, Aldrich) (0.4 mL, 1.0 M in hexane) was added to a 1 L
autoclave followed by 500 mL isohexanes at room temperature under N, purge. Propylene was
then added by volume as measured from a sight glass with increments of 10 mLs. The autoclave
was heated to temperature, allowed to stabilize and the total reaction pressure recorded. The
25  catalyst system was added as a pre-activated solution of metallocene and activator in toluene
solution via catalyst tube with high pressure N flush. The flush was repeated 2 times. After
polymerization was complete, the autoclave contents were cooled to room temperature and the
excess pressure safely vented. The contents were transferred into a glass container and volatiles

were removed by a N, purge. The polymer was dried in a vacuum oven at 70 °C for 2 to 3

30 hours.
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122.6 128.8 133.4 Tg (C) -12.2 -8.4 -8.5 Heat of fusion (J/g) 51.6 69.0
71.8 84.3 88.2 Viscosity (it, 190 C (nPa.$) 534 1090 4210 24500 128300
Catal yst activity (kg polymer/g netall ocene) 42.09 42.21 40.95 34.72 23.88
Tabl e 4b. Propyl ene pol yneri zati on using

di met hyl si |l yl bi s(i ndenyl ) haf ni um di met hyl /Me3HN

10t et r aki s( hept af |l uor o- 2- napht hyl ) borate Exanple # 2-6 2-7 2-8 2-9 2-10
Pol yreri zation tenmperature (C) 120 110 100 90 80 Metal |l ocene feed rate
(ol / mi n) 6[@@%7%6153@110%@@@1197%3\(31@ O5ed in the batch experiments of Example | in

various combinations are abbreviated as follows (activators that are not according to the present

invention are marked with a star¥):

Metallocenes:

rac-dimethylsilylbis(indenyl)hafnium dimethyl A
rac-cthylenylbis(indenyl)zirconium dimethyl B
rac-dimethylgermylbis(indenylhafnium dimethyl C
Activators:

Dimethylanilinium tetrakis(pentafluorophenyl)borate*, [PhNMe,H] [B(CoFs)a] 1*
Trityl tetrakis(pentafluorophenyl)borate*, [(CsHs):C] " [B(CsFs)] 2%
Tri(n)butylammonium tetrakis(pentafluorophenyl)borate*, [nBu:NH] ' [B(CsFs)] 3%
Trimethylammonium tetrakis(pentafluorophenyl)borate, [MesNH] * [B(CsFs)4] 4
N-methylpyrrolidinium tetrakis{pentafluorophenyl)borate [MePyrH] ™ [B(CgFs)4]”
[H(OE),] [B(CeFs)a]” 6
Dimethylanilinium tetrakis(heptafluoronaphthyl)borate®, [PhNMe;H] ™ [B(C0F7)4]” 7
Trimethylammonium tetrakis(heptafluoronaphthyl)borate, [Me:NH] " [B(C9F7)4] 8
N-methylpyrrolidinium tetrakis(heptafluoronaphthyl)borate, [MePyrH] * [B(C1oF7)4] | 9

5 [00151] The results of the batch polymerization runs are given below in Tables 1a, 1D, 2a, 2b
and 3. Figure 1 shows the results given in Tables la and 1b, in particular:
Run 1 (comparative): A-1
Run 2 (comparative): A-2
Run 3 (comparative): A-3

10 Run4: A-4
Run 5: A-5
Table 1a:

Activity
Propylene Run | Run | P 01}’1“(161’ Metal | Metal Metal PP/

Metallocene | Activator pylene, temp | time yield  [compl. | complex
mLs o . mmol mmol

C | min g mg Mw

S metal,

100 120 § 10 [1.8 33 495.0 [0.00667( 1770.0
100 120 | 20 11.3 6.6 495.0 10.01333 847.5
100 120 | 20 19.3 6.6 495.0 (0.01333| 14475
100 120 | 20 3.85 6.6 495.0 10.01333| 288.8
100 120 | 20 11.5 6.6 495.0 10.01333 862.5
100 120 t 20 54 6.6 495.0 10.01333] 405.0
100 120 | 20 11.6 6.6 495.0 (0.01333 870.0

I e el e I e
WHW N e | = |
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6. 1E- 07 Conversion (% 80.8 80.3 83.2 67.8 34.5 Mh (kg/nol) 10.01 15.75
20.66 25.36 28.46 Mwv (kg/nol) 29.22 48.21 51.61 95.14 147.79 Mz (kg/ nol)
54.58 91.20 94.39 173.59 272.41 g'vis 0.88 0.91 0.93 1.00 1.03 Tc (C) 53.1
72.0 77.7 92.8 98.1 Tm(C) 96.9 111.2 116.2 130.2 137.6 Tg (C) -10.4 -8.9
-8.9

100 120 | 20 4.6 6.6 495.0 (0.01333] 345.0
100 120 | 20 13.1 6.6 495.0 (0.01333] 982.5
100 120 | 20 6.0 33 495.0 [0.00667 | 990.0
100 120 | 20 44 3.3 495.0 [0.00667 ] 660.0

>
nNnjlnis |~




Heat of fusion (J/g) 43.6 58.5 65.5 78.1 82.3 Viscosity (4), 190 C (nPa. $)
805 4105 5516 74830 345000 Catal yst activity (kg polyner/g netal |ocene)
37.70 37.47 38.82 31.64 16.10 Table 4c. Propyl ene polynerization using

di met hyl si | yl bi s(i ndenyl ) haf nium di nethyl / N, N- di methyl anilinium

t etraki s(pent afl uorophenyl )borate (conparative) Exanple # 2-11 2-12 2-13
2-14 2-15 2-16 2-17 2-18 Polynerization tenperature (C) 130 120 110 100 90
80 70 60 Metall ocene feed rate (nol/mn) 1.9E-06 1.9E-06 1.9E-06

Table 1b:
T
Metallocene|Activator 01/\;2‘;1) 0},\;[::)1) IX/[E:; / vinylenes| tri-sub |vinyls | vinylidenes [(DSC) AJH Coonv.
2 g oc /g Yo
A 1 7,508 | 3,943 1 1.9 0.07 0.06 | 1.58 1.89 70.8 234
A 1 8,169 | 3,451 |2.37 0.1 0.11 | 149 1.99 81.7 127.71 224
A 1 5,398 12,323 1232 0.12 0.14 | 2.28 2.68 84.02|16.6] 38.2
A 2 10,1751 4,648 (2.19] 0.12 0.29 | 1.21 1.55 98.1 {39.8| 7.6
A 2 7,881 | 3,781 12.08 0.1 0.27 | 1L.66 1.93 76.34 22.8
A 3 9,686 | 4376 {2.21] 0.12 0.02 | 1.14 1.9 94.7 1 35 | 10.7
A 3 7,571 13,345 |12.261 0.14 0.09 | 1.44 2.01 74.9 23.0
A 4 9,352 | 4,037 [2.32] 0.14 0.08 | 1.18 1.94 93.4 13641 9.1
A 4 10,867 4,775 |12.28 | 0.08 0.14 | 1.13 1.71 100.6 |40.6 | 25.9
A 5 115459 7067 | 2.2 0.08 0.05 | 1.07 1.15 104.2160.31 13.1
A 5 13520 6670 | 2 0.13 0.12 | 1.03 1.42 102.3159.8| 8.7
Table 2a:
Metallocene | Activator Proggﬁ:ne, tgrﬁg, tli{r;l:, ??éﬁnir c}\frffgi C(I)\ﬁf;lléx XSS} g?;/tir‘sg)l
°C | min > mg Mw Metal.
A 6 100 120 | 20 1.3 8.0 495.0 10.01616 80.4
A 6 100 120 | 20 6.33 8.0 495.0 10.01616 391.7
A 7 100 120 | 20 10.36 33 495.0 10.00673] 15400
A 7 100 120 | 20 8.05 33 495.0 10.00673 | 1196.6
A 8 100 120 { 20 11.44 33 495.0 10.00673 1 1700.5
A 8 100 120 | 20 3.84 33 495.0 |0.00673 570.8
A 9 100 120 | 20 7.38 3.3 495.0 |0.00673 | 1097.0
A 9 100 120 | 20 4.55 33 495.0 |0.00673 676.4
A 7 200 120 | 20 3.64 33 495.0 |0.00673 541.1
A 7 200 120 | 20 35.1 33 495.0 ]0.00673 | 5217.6
A 8 200 120 | 20 14.83 33 495.0 |0.00673 1 2204.5
A 8 200 120 | 20 19.75 3.3 495.0 |0.00673 | 29358
A & 200 120 | 20 26.81 33 495.0 10.00673 | 398353
A 8 200 120 20 25.51 33 495.0 10.00673 1 3792.0
B 8 100 120 | 20 42.94 2.3 377.2 10.00610] 7042.2
B 8 100 120 20 49.94 2.3 3772 0.00610f 8190.2
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1.9E-06 1.9E-06 1.9E-06 1.9E-06 1.9E-06 Conversion (% 73.9 81.8 88.1 85.6
86.1 89.4 108.6 89.9 M (kg/rmol) 3.12 6.13 15.59 37.87 Mwv (kg/nol)
10.25 16.35 32.35 79.08 M (kg/nol) 153.99 28.41 52.22 132.39 ,
u'vis 1.09 0.95

C 1 100 120 | 20 7.02 3.6 539.3 10.00668 | 1051.6
C 1 100 120 | 20 2.93 3.6 5393 |10.00668 | 438.9
C 4 100 120 | 20 3.14 3.6 539.3 ] 0.00668 | 470.4
C 4 100 120 | 20 4.46 3.6 539.3 10.00668 668.1
Table 2b:
Metallocene|Activator] Mw Mn | Mw/ jvinylenes| tri-sub |vinyls|vinylidenes} T, | A H |Conv.
(g/mol){(g/mol)| Mn (DSC) | Vg | o
°C
A 6 10,056] 1,205 | 834 | 0.17 0.15 | 1.49 34 97.8 1383} 2.6
A 6 8,460 | 1,665 | 5.08 | 0.17 0.13 | 1.49 2.9 91.6 [372] 125
A 7 16,571} 5593 | 2.96 0 0.03 | 0.87 0.26 93.3 [45.3]20.5
114.4
A 7 20,8071 7,192 | 2.89 | 0.07 0.11 | 1.63 0.35 103.5 149.5] 15.9
115.7
A 8 20,7951 7,628 | 2.73 | 0.04 0.08 | 0.99 0.41 572 4471227
96.1
110.1
A 8 20,947 7,629 | 2.78 | 0.04 0.01 | 0.77 0.46 58.7 [43.21 7.6
87.2
A 9 27408 | 142631 1.92 | 0.02 0.07 | 1.05 0.39 105.1 |59.5] 14.6
A 9 28807115701 | 1.83 | 0.04 0.07 | 0.69 0.34 1145 1529 9.0
A 7 39768 | 19095 | 2.1 0.06 0.1 |0.52 0.47 18.1 579} 3.6
103.9
116.4
A 7 16555 | 5877 { 2.82 | 0.08 02 |2.26 0.34 89.9 [47.9] 34.8
103.8
126.4
136.2
A 8 29,540 14898 | 2 0.05 0.06 | 0.98 0.35 30.1 160.2| 14.7
63.5
112.7
137.9
A 8 28021 | 12514 | 2.2 0.03 0.08 | 1.74 0.41 53.1 |55.8]19.6
64.6
9.4
109.4
147.7
A 8 33364 | 16443 | 2.03 | 0.06 0.08 | 0.8 0.27 1114 | 67 | 265
A 8 3507115949 | 2.2 0.04 0.08 | 0.55 0.19 37.5 160.4] 253
49.2
914
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0.93 0.95 Tc (O 32.3 39.9 49.3 59.6 68.4 81.6 91.7 97.8 Tm(C) 69.0 80.4
90.3 99.4 107.8 118.0 127.6 131.3 Tg (C) -26.8 -17.6 -19.5 -11.7 -8.2

Heat of fusion (J/g) 19.6 23.6 35.6 44.5 56.5 61.2 67.7 73.3 Viscosity (a)
190 C (nPa.$) 43.1 85.3 131 311 877 3660

111.9
B 8 5052 1 1305 | 3.87 ] 0.26 0.35 | 1.05 3.74 85.0
B 8 5527 | 1243 | 4.4 0.26 0.31 | 1.01 3.56 98.9
C 1 7100 | 2274 | 3.12 | 0.07 0.05 | 1.94 2.6 104.1 |55.2| 13.9
C 1 8789 | 2634 | 334 ] 0.02 0.01 | 1.92 2.91 944 [50.7] 5.8
C 4 9028 | 3715 | 2431 0.14 0.04 | 1.61 2.11 101.8 }55.1} 6.2
C 4 9889 | 4282 | 2.31 0.13 0.1 | 1.39 1.75 103.1 160.8] 8.8

Table 3 (supported catalyst system - slurry polymerization):

RXR | Product| Cat. |C2=psig| Cat(g) | Tp.(C)|Time (hr)| Yield (g) | Activity g/g/hr
A-4/
L105| PE |teal757 300 0.1 80 1 107 1070
DSC GPC-DRI (g/mol)
Tg, °C | Tm, °C AH (J/g) Te, °C Mn Mw Mz Mw/Mn
135.7 152.0 115.0 152,578 543,685 | 1,228,140 | 3.56
'"HNMR - (Unsat./ 1000 C)
vinylenes olefins vinyls vinylidenes
0.06 0.05 0.08 0.03

5 [00152] For following examples 2-4, the following characterization procedure was used. (For
purposes of the claims the following GPC procedure shall be used.)
[00153] Molecular weights (number average molecular weight (Mn), weight average
molecular weight (Mw), and z-average molecular weight (Mz)) and g'vis were determined using
a Polymer Laboratories Model 220 high temperature SEC with on-line differential refractive

10 index (DRI), light scattering, and viscometer detectors. It used three Polymer Laboratories
PLgel 10 m Mixed-B columns for separation, a flow rate of 0.54 cm’/min, and a nominal
injection volume of 300 uL. The detectors and columns are contained in an oven maintained at
135 °C. The light scattering detector is a high temperature miniDAWN (Wyatt Technology,
Inc.). The primary components are an optical flow cell, a 30 mW, 690 nm laser diode light

15 source, and an array of three photodiodes placed at collection angles of 45°, 90°, and 135°. The
stream emerging from the SEC columns is directed into the miniDAWN optical flow cell and

then into the DRI detector. The DRI detector is an integral part of the Polymer Laboratories
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31100 Catalyst activity (kg polynmer/ g metallocene) 10.95 12.13 13.05
12.68 12.75 13.24 16.08 13.31 5 Polynerization Exanple 3 (see Figs. 3a,

3b) - Continuous Polynerization of Propylene [001611 Exanple 3
denonstrates the polymerization of propyl ene using

racdi net hyl silyl bi s(i ndenyl) zirconiumdinethyl, see Figures 3a and 3b. The
net al | ocene was pre-activated with Me3NH tetraki s(heptafl uoro-2-napht hyl)
borate at a nmolar ratio of about 1:1 in 10 toluene. The sane general

pol yner i zat $En Prroteanee: ek bigh uepceisy gispamast ahesco figs Virseek Caipgration

detail ed poéﬁﬁ%&bﬁﬁﬁé B0r &Bﬂghéb a%%e@qga mgﬁst&% btrllage @Jﬂﬁé&ﬁt’i&lﬂJ/nhQ%%erQﬁe
mat eri al s produced in these polynerization exanples arc listed in Table ba.

For all thetrpoflyeeisr Onatrpesduenmeasuies gieasespee dropaeiessiie dgerter ind;the other,

propyl ene f&ﬁﬁloB@é&tME thE4w G4 lms%ft@wldg@%eﬁf%&' 'dﬁ%@&%alf&&duré a’fﬁe W& meter
7.835E-07 nol e/ mn. onparative exanpl e i sts

pol yneri Zat i*@fhl(i?dhfcﬁﬂiq @Yﬁ@ nositignedt adienie QRéldéféQt@fr |Tilatdﬁtélﬁr Udhase ﬂ%@CtOf% as well
pol ypropyl epepar %U&ﬁ&'nb%wgcch% cﬂbgqsl?y%rsdxa}{}%lp"ﬁ@uﬁdle@%% RZk F &R @ugzu} )

di met hyl preactived wth dinet h niumte i s(hept af 1 uor onapht hy
borate at aWmy. &rragssiey. & Uflcra/bdmul@. Yolpme B Nrenber 1974 14e682ém (2001), mCOH?O@Wd ene
pol ymeri zat i Tl ?c di met hyl si |yl bi s(i ndenyl) zirconium di net hyl/
Me3NH 5t et r aki eptl¥ uor o- 2- napht hyl ) borate Exanple # 3-1 3-2 3-3 3-4
3-5 Pol yrrerliﬂﬁhw orSotvenp & aherSEC( Qped2ont 146 o8 bBRddng \veging rof (41881 1

82.1 77'16 %%fd?ox?qmﬁen-gc(Bﬁc% a?lm Qin§07x‘id73nt7 ?0' 9‘4%?@%0%@'0‘?? le (tr@hlongegrzene (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

15  decgasser (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 quantitics 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

20  concentration ranged from 1.0 to 2.0 mg/ml, with lower concentrations being used for higher
molecular weight samples.

[00155] Branching index in these examples was measured using SEC with an on-line
viscometer (SEC-VIS) and is reported as g' at each molecular weight in the SEC trace. The
branching index g' is defined as:

7,

7,
where 1, is the intrinsic viscosity of the branched polymer and n is the intrinsic viscosity of a

25 g.:

linear polymer of the same viscosity-averaged molecular weight (M,) as the branched polymer.
i = KM%, K and o were measured values for linear polymers and should be obtained on the
same SEC-DRI-LS-VIS instrument as the one used for branching index measurement. For
30 polypropylene samples in these examples, K=0.0002288 and o=0.705 were used. The SEC-

DRI-LS-VIS method obviates the need to correct for polydispersities, since the intrinsic
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97.2 113.7 124.7 132.6 Tg (C) -18.6 -13.9 -10.9 Heat of fusion (J/g) 21.9
47.6 60.6 79.8 85.5 Viscosity @90 C (cp) 65 167.5 360 705 1257 Catal yst
activity (kg polynmer/g netall ocene) 38.61 35.98 33.92 28.18 25.77 Table
5b. Propyl ene pol ynerization using rac-di nethylsilylbis(indenyl) zirconium
dimethyl Idinmeth laniliniumtetrakis he tafluorona hth 1 borate
(conmparative) _ Polynerization tenperature ( C - 120 110 100 90 80 Cat

(rmol /mn) 7.835E-07 7.835E-07 7.835E-07 7.835E-07 7.835E-07 Propyl ene

(g/ nin) viscosity and the molecular weight were measured at individual clution volumes, which
arguably contain narrowly dispersed polymer. Linear polymers selected as standards for
comparison should be of the same viscosity average molecular weight, monomer content and
composition distribution. Linear character for polymer containing C2 to C10 monomers is

5 confirmed by Carbon-13 NMR using the method of Randall (Rev. Macromol. Chem. Phys., C29
(2&3), p. 285-297). Lincar character for CI1 and above monomers is confirmed by GPC
analysis using a MALLS dctector. For example, for a copolymer of propylene, the NMR should
not indicate branching greater than that of the co-monomer (i.c. if the comonomer is butene,
branches of greater than two carbons should not be present). For a homopolymer of propylene,

10 the GPC should not show branches of more than one carbon atom. When a linear standard is

desired for a polymer where the comonomer is C9 or more, one can refer to T. Sun, P. Brant, R.

R. Chance, and W. W. Graessley, Macromolecules, Volume 34, Number 19, 6812-6820, (2001)

for protocols on determining standards for those polymers. In the case of syndiotactic polymers,

the standard should have a comparable amount of syndiotacticity as measured by Carbon 13

15 NMR. The viscosity averaged g' was calculated using the following equation:

o o ZClnd,
"t CKM]

where C; is the polymer concentration in the slice i in the polymer peak, and [n;], is the viscosity

of the branched polymer in slice i of the polymer peak, and M; is the weight averaged molecular

weight in slice i of the polymer peak measured by light scattering, K and a are as defined above.

20 Polvmerization Example 2 (see Figs. 2a, 2b) - Continuous Polyvmerization of Propvlene

[00156] General polymerization procedure in a continuous stirred-tank reactor: all
polymerizations were performed in a liquid filled, single-stage continuous reactor system. The
reactor was a 0.5-liter stainless steel autoclave reactor and was cquipped with a stirrer, a water
cooling/steam heating element with a temperature controller, and a pressure controller.
25  Solvents, propylene, and comonomers were first purified by passing through a three-column
purification system. The purification system consisted of an Oxiclear column (Model # RGP-
R1-500 from Labclear) followed by a 5A and a 3A molecular sieve column. Purification
columns were regenerated periodically whenever there was cvidence of lower activity of
polymerization. Both the 3A and 5A molccular sicve columns were regencrated in-house under
30 nitrogen at a set temperature of 260 °C and 315 °C, respectively. The molecular sieve material
was purchasced from Aldrich. Oxiclear column was regencrated in the original manufacture.
Ethylene was delivered as a gas solubilized in the chilled solvent/monomer mixture. The
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14 14 14 14 14 Yield (g/nmin) 11.1 11.1 11.1 11.1 10.9 Conversion (% 79.3
79.4 79.1 79.2 77.9 Tc (C) 25.3 44.6 68.6 83.8 91.9 Tm (C) 69.9 89.8 106. 4
119.1 128.0 Tg (C) -20.4 -14.7 -12.8 Heat of fusion (J/g) 26.3 42.1 56.5
69.9 81.7 Viscosity @190 C (nPa. s) 41.7 103 245 538 1120

purified solvents and monomers were then chilled to about -15 °C by passing through a chiller
before being fed into the reactor through a manifold. Solvent and monomers were mixed in the
manifold and fed into reactor through a single tube. All liquid flow rates were measured using
Brooksfield mass flow meters or Micro-Motion Coriolis-type flow meters.

5 [00157] The metallocenes were pre-activated with an activator (of formula (1) or (2)
according to the present invention or a comparative activator) at a molar ratio of about 1:1 in
toluenc. The preactivated catalyst solution was kept in an inert atmosphere with <1.5 ppm water
content and was fed into reactor by a metering pump through a separated linc. Catalyst and
monomer contacts took place in the reactor.

10 [00158] As an impurity scavenger, 250 ml of tri-n-octyl aluminum (TNOA) (25 wt % in
hexane, Sigma Aldrich) was diluted in 22.83 kilogram of isohexane. The TNOA solution was
stored in a 37.9-liter cylinder under nitrogen blanket. The solution was used for all
polymerization runs until about 90% of consumption, and then a new batch was prepared. The
feed rates of the TNOA solution were adjusted in a range from 0 (no scavenger) to 4 ml per

15  minute to achieve a maximum catalyst activity.

[00159] The reactor was first prepared by continuously N, purging at a maximum allowed
temperature, then pumping isohexane and scavenger solution through the reactor system for at
least one hour. Monomers and catalyst solutions were then fed into the reactor for
polymerization.  Once the activity was established and the system reached equilibrium, the

20  reactor was lincd out by continuing operation of the system under the cstablished condition for a
time period of at least five times of mcan residence time prior to sample collection. The
resulting mixture, containing mostly solvent, polymer and unreacted monomers, was collected in
a collection box. The collected samples were first air-dried in a hood to evaporate most of the
solvent, and then dried in a vacuum oven at a temperature of about 90 °C for about 12 hours.

25 The vacuum oven dried samples were weighed to obtain yields. All the reactions were carried
out at a pressure of about 2 MPa.

[00160] Example 2 demonstratcs the polymerization of propylenc wusing rac-
dimcthylsilylbis(indenyl)hafnium dimcthyl, scc Figures 2a and 2b. The metallocenc was pre-
activated with an activator at a molar ratio of about 1:1 in toluene: The activators used were (1)

30  N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate  (comparative, obtained from

Albemarle), (2) MesNH tetrakis(pentafluorophenyl)borate and (3) Me;NH tetrakis(heptafluoro-

2-naphthyl) borate. The detailed polymerization conditions and some of analytical data for
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Catal yst activity (kg polymer/g netall ocene) 34.75 34.80 34.66 34.71 34.14
10 Pol ynerization Exanple 4 - Continuous Pol ynerization of

Et hyl ene/ Propyl ene [00162] Exanpl e 4 denonstrates the polynerization of

et hyl ene/ propyl ene copol yner using rac-di net hyl silylbis(indenyl) hafnium

di ret hyl pre-activated with a trinmethyl ammoni um

t et raki s(pent af | uorophenyl )borate at a nolar ratio of about 1 :1 in

tol uene. The pol ynerization 15 runs were generally carried out according to
t he proceduPgtciids eiortsed inHigtrerolsrerisipmsrenics argHsted B, Tabpg 4y et 2 Beri airthof

et hyl ene/ pr opyh&ng:iGOP AbNITELS fiei 7Y LACSINTRLRY bdblvldraE i Adepy )4 hatni um
di met hyl krineth | amonium tetrakis()entafl uorophenyl)borate Exanple # 4-1
4-2 4-3 4- APdyserpagormapppley issestin dpbleschoper @rmpetiyeC) 90 90 90 90 90 90

Propyl ene feed rate (g/nmn) 14 14 14 14,1414 Ethylene feed rate (SLPM 0.5
0.7 0.9 1.2 1.5 2 Isohexane feed rate (m/mn) 80

5 Polymerization of propylene using dimethylsilylbis(indenyl)hafnium dimethyl /Me;NH
tetrakis(pentafluorophenyl)borate

Example # 2-1 2-2 2-3 2-4 2-5
Polymerization temperature (°C) 120 110 100 90 80
Metallocene feed rate (mol/min) 4.5E-07 |4.5E-07 |4.5E-07 4. 5E-07 | 4.5E-07
Conversion (%) 66.8 67 65 55.1 379
Mn (kg/mol) 1049, 14.85| 22.19] 39.01| 63.83
Mw (kg/mot) 25.24| 3270} 4732 7432 121.36
Mz (kg/mol) 4373 5421| 7635] 114.60| 190.33
g'vis 0.95 0.95 0.97 0.98 1.01
Tc (°C) 70.2 79.0 86.7 90.8 95.6
Tm (°C) 1049 1139 1226 1288 1334
Tg (°C) -12.2 -8.4 -8.5

Heat of fusion (J/g) 51.6 69.0 71.8 84.3 88.2
Viscosity (@ 190 °C (mPa.s) 534 1090 4210] 24500 128300
Catalyst activity (kg polymer/g metallocene) 42.09| 42.21] 4095| 3472 23.88

Table 4b.
Propylene polymerization using dimethylsilylbis(indenyl)hatnium dimethyl /Me;HN
10 tetrakis(heptafluoro-2-naphthyl) borate

Example # 2-6 2-7 2-8 2-9 2-10
Polymerization temperature (°C) 120 110 100 90 80
Metallocene feed rate (mol/min) 6.1E-07 |6.1E-07 |6.1E-07 |6.1E-07 |6.1E-07
Conversion (%) 80.8 80.3 83.2 67.8 34.5
Mn (kg/mol) 10.01| 1575} 20.66| 2536| 2846
Mw (kg/mol) 2022 | 4821 51.61| 95.14| 147.79
Mz (kg/mol) 5458 91.20| 9439\ 173.59| 272.41
g'vis 0.88 0.91 0.93 1.00 1.03
Tc (°C) 53.1 72.0 77.7 92.8 98.1
Tm (°C) 9691 111.2]| 1162 1302 1376
Tg (°C) -10.4 -8.9 -8.9

-52-



80 80 80 80 80 Metallocene feed rate (nmol/mn) 2.7E-07 2. 7E-07 2. 7E-07
2. 7TE-07 2.7E-07 2. 7E-07 Conversion (/0) 44.1 48.3 52 45.3 46.1 45.8
Mh(kg/ nol) 29.733 23.03 30.009 19.579 15.848 25.868 Mwv (kg/ nol) 92.85
87.915 88.199 86.887 81.576 88.374 Mz (kg/nol) 157.77 153.426 150. 387
150. 825 148.804 152.828 Mw Mnh 3.12 3.82 2.94 4.44 5.15 3.42

10

15

Heat of fusion (J/g) 43.6 58.5 65.5 78.1 823
Viscosity @ 190 °C (mPa.s) 805| 4105| 5516| 74830345000
Catalyst activity (kg polymer/g metallocene) 3770 3747| 3882 31.64] 16.10

Table 4c.
Propylene polymerization using dimethylsilylbis(indenyl)hafnium dimethyl / N,N-

dimethylanilinium tetrakis(pentafluorophenyl)borate (comparative)

Example # 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18
Polymerization temperature

°C) 130 120 110 100 90 80 70 60
Metallocene feed rate

(mol/min) 1.9E-06/ 1.9E-06] 1.9E-06| 1.9E-06 1.9E-06| 1.9E-06] 1.9E-06| 1.9E-06
Conversion (%) 73.9 81.8 88.1 85.6 86.1 89.4 108.6 89.9
Mn (kg/mol) 3.12 6.13 15.59 37.87

Mw (kg/mol) 10.25 16.35 32.35 79.08

Mz (kg/mol) 153.99 28.41 52.22 132.39

g'vis 1.09 0.95 0.93 0.95

Te (°C) 32.3 39.9 49.3 59.6 68.4 81.6 91.7 97.8
Tm (°C) 69.0 80.4 90.3 994  107.8f 118.0; 127.6 1313
Tg (°C) -26.8)  -17.6] -19.5 -11.7 -8.2

Heat of fusion (J/g) 19.6 23.6 35.6 44.5 56.5 61.2 67.7 733
Viscosity @ 190 °C (mPa.s) 43.1 85.3 131 311 877 3660 31100

Catalyst activity

(kg polymer/

¢ metallocene) 10.95 12.13] 13.05 12.68 12.75 1324} 16.08 13.31

Polvmerization Example 3 (see Figs. 3a, 3b) - Continuous Polymerization of Propvlene

[00161] Example 3 demonstrates the polymerization of propylene using rac-
dimethylsilylbis(indenyl) zirconium dimethyl, see Figures 3a and 3b. The metallocene was pre-
activated with MesNH tetrakis(heptafluoro-2-naphthyl) borate at a molar ratio of about 1:1 in
toluene. The same general polymerization procedure described above in Example 2 was used,
and detailed polymerization conditions and some of the analytical data for materials produced in
thesc polymerization examples arc listed in Table 5a. For all the polymcrization runs, isohcxane
feed rate was 80 ml/min, propylene feed rate was 14 g/min, and the metallocene feed rate was
7.835E-07 mole/min. As comparative examples, Table 5b lists the polymerization conditions

and some characterization data for polypropylene produced using rac-dimethylsilylbis(indenyl)
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g'vis 0.957 0.961 0.959 0.98 0.886 0.941 Tc (C) 31.46 14.52 11.05 ™™ (O
79.27 68.97 59.44 Tg (C) -22.07 -24.1 -26.65 -29.24 -32.02 -31. 38 Heat
of fusion (Jig) 36.05 27.15 13.05 Et hyl ene content (wt 9% 12.35 12.7
15.24 20.51 27.51 20.7 Viscosity (ci),190 C (nPa.$) 166000 140000 140000

170000

10

15

zirconium dimcthyl preactived with dimethylanilinium tetrakis(heptafluoronaphthyl) boratc at a
molar ratio of about 1:1 in toluene.
Table Sa.
Propylene polymerization using rac-dimethylsilylbis(indenyl) zirconium dimethyl/ Me;NH

tetrakis(heptafluoro-2-naphthyl) borate

Example # 3-1 3-2 3-3 3-4 3-5
Polymerization temperature (°C) 120 110 100 90 80
Conversion (%) 88.1 82.1 774 643 58.8
Tc (°C) 51.0 57.7 77.11  89.8 96.3
Tm (°C) 77.1 972 1137, 124.7] 132.6
Tg (°C) -18.6) -13.9] -10.9

Heat of fusion (J/g) 21.9 47.6 60.6| 79.8 85.5
Viscosity @190 C (cp) 651 1675 360 705 1257
Catalyst activity (kg polymer/g metallocene) 38.61| 3598 3392 28.18| 25.77

Table Sb.

Propylene polymerization using rac-dimethylsilylbis(indenyl) zirconium dimethyl
/dimethylanilinium tetrakis(heptafluoronaphthyl) borate (comparative

Polymerization temperature (° C) 120 110 100 90 80
Cat (mol/min) 7.835E-07 7.835E-07|7.835E-07{7.835E-07|7.835E-07
Propylene (g/min) 14 14 14 14 14
Yield (g/min) 11.1 11.1 11.1 11.1 10.9
Conversion (%) 79.3 79.4 79.1 79.2 77.9
Te (°C) 25.3 44.6 68.6 83.8 91.9
Tm (°C) 69.9 89.8 106.4 119.1 128.0
Tg (°C) 20.4 -14.7 -12.8

Heat of fusion (J/g) 26.3 42.1 56.5 69.9 81.7
Viscosity @ 190 C (mPa. s) 41.7 103 245 538 1120
Catalyst activity (kg polymer/g metallocene) 34.75 34.80 34.66 34.71 34.14

Polvmerization Example 4 - Continuous Polymerization of Ethylene/Propvlene

[00162] Example 4 demonstrates the polymerization of ethylene/propylene copolymer using
rac-dimethylsilylbis(indenyl) hafnium dimethyl pre-activated with a trimethylammonium
tetrakis(pentafluorophenyl)borate at a molar ratio of about 1:1 in toluene. The polymerization
runs were generally carried out according to the procedure described above for Example 2.

Table 6.
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184000 260000 SLPM = standard liter

per

m nut e.

Pol ynmeri zati on Exanple 5 -

Conti nuous Pol yneri zation of Propylene 5 [00163] Exanple 5 denbnstrates the
pol ymeri zati on of propyl ene using rac-dinethylsilyl

bi s(2- met hyl- 4- phenyl i ndenyl ) zirconi um di net hyl .

The netal | ocene was

pre-activated with Me3NH tetrakis(pentafluorophenyl) borate at a nol ar

rati o of about 1:1 in tol uene.
descri bed above in Exanp

le 2 was used,

The sane general

N and detail ed pol ynmerization
condi tions AAMEEHENSf cthvkracppryieps fopymenisine faginegy kbl (@dsgylhppiriwgy dimgthylhes e

pol yneri zati on procedure

10 pol yner i zati-on—exanphesiBgiylanoniay wqirakispenialuoephqayborsfe ~ ¢ po
pol yreri zat|[F&fivkelfins, i sohexane was useld a sbflvent dnd thé feetir at - Gvas 80
m / mn, prgpyehetibeedpsatec@ns |14 g/ mn, and the et al vacenedfeed smt e was
4. 545E- 07 ﬂﬂ%&ﬁ&%ﬂ$daeay§m?; ?olyn?rlpéthnlgf\prqmy1enq4u§!ngfl 14
PR B e o bl G DD 4 A Wi S
Pol ymer i zat|Bsehsxanefeprepatormen( ) 130 1281110 #90 90 ¥onverdi on §%) 893% 91 92
92. 4 93.8 NMcthlkgéomple) raB.(olmmi® 8|5 AZE-@7 16.7R-0Mv 2(TEg)InmelE-01,12.36-07 . 27267 5 39. 9
63.2 M (Kgémlidn@23-0 33.0 50.2 77.6 135. §8/1s 53 453 461 458

Mn(kg/mol) 29733 23.03]  30.009| 19.579 15.848 25.868

Mw (kg/mol) 92.85]  87.915  88.199 86.887, 81.576 88.374

Mz (kg/mol) 157.77) 153.426) 150.387] 150.825 148.804 152.828

Mw/Mn 3.12 3.82 2.94 4.44 5.15 3.42

g'vis 0.957  0.961 0.959 0.98  0.886  0.941

Te (°C) 31.46 14.52 11.05

Tm (°C) 79271 68.97  59.44

Tg (°C) -22.07 240 2665 2924 -32.02)  -31.38

Heat of fusion (J/g) 36.05 27.15 13.05

Ethylenc content (wt %) 12.35] 12.7 15.24 20.51 27.51 20.7

Viscosity @190 °C (mPa.s) 1660000 140000[ 140000 170000{ 184000] 260000

5

SLPM = standard liter per minute.

Polvmerization Example 5 - Continuous Polymerization of Propvlene

[00163]

bis(2-methyl-4-phenylindenyl) zirconium dimethyl.

Example 5 demonstrates the polymerization of propylene using rac-dimethylsilyl

The metallocene was pre-activated with

Mec;NH tetrakis(pentafluorophenyl) borate at a molar ratio of about 1:1 in toluene. The same

general polymerization procedurc described above in Example 2 was used, and dctailed

polymerization conditions and some of the analytical data for materials produced in these

10 polymerization examples are listed in Table 7. For all the polymerization runs, isohexane was

used a solvent and the feed rate was 80 ml/min, propylene feed rate was 14 g/min, and the

metallocene feed rate was 4.545E-07 mole/min.

Tablc 7. Polymerization of propylenc using rac-dimethylsilyl bis(2-methyl-4-phenylindenyl)
zirconium dimcthyl/Mc¢;NH tetrakis(pentafluorophenyl)borate

Example # 5-1 5-2 5-3 5-4 5-5

Polymerization temperature (°C) 130 120 110 100 90
Conversion (%) 89.2 91 92 92.4 93.8
Mn (kg/mol) 39 5.6 8.5 12.2 16.2
Mw (kg/mol) 11.5 17.2 26.5 39.9 63.2
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0.82 0.82 0.81 0.83 0.83 Tc (C) 84.3 91.6 99.4 103.7 107.4 Tm (QC) 122.3
129.5 137.3 143.2 149.1 Tg (O Heat of fusion (J/g) 76.7 83.0 90.4
95.4 100.0 Viscosity @90 C (nPa. s) 93.9 185 504 1670 9750 productivity
(kg polyner/g netall ocene) 46.83 47.78 48.30 48.51 49. 25 [ 00164]

Addi tional batch propyl ene pol ynerizations were run according to the
procedure in Exanple 1, except that 100 mls of propylene were used, the run

tenperature was 120C, and the run time was 20 m nutes. The data are

reported i n Maldgénola and 7b. 5Tabl e 7a EXa0pl e3IMCN Axi2 7761 1358
g'vis 0.82 0.82 0.81 0.83 0.83
Tc (°C) 84.3 91.6 994 103.7 107.4
Tm (°C) 1223 129.5 137.3 143.2 149.1
Tg (C)
Heat of fusion (J/g) 76.7 83.0 90.4 9541 100.0
Viscosity @190 °C (mPa. s) 93.9 185 504 1670| 9750
productivity (kg polymer/g metallocene) | 4683 | 47.78 | 4830 | 4851| 4925

[00164] Additional batch propylene polymerizations were run according to the procedure in
Example 1, except that 100 mls of propylenc were used, the run temperature was 120°C, and the

run time was 20 minutes. The data arc reported in Table 7a and 7b.

5 Table 7a
Example] MCN | Act |Polymer| Metal Metal Metal | Activity, Activity,
yield, g |complex,| complex | mmol | gPP/mmol |gPP/mmolMet.mL
mg Mw Met PP
7-1 B 7 34.37 2.3 3772 (0.00610] 5636.7 56.4
7-2 B 7 4945 23 3772 [0.00610| 8109.8 81.1
7-3 C 7 12.27 3.6 539.3 (0.00668| 1838.1 184
7-4 C 7 11.12 3.6 539.3 10.00668| 1665.8 16.7
Table 7b
Ex | Mw Mn |Mw/Mn | vinylenes | trisub | vinyls | vinylidenes | A H, |Conversio
(g/mol) g/mol) (J/g) n (%)
7-1 4790 1098 4.4 0.32 0.36 | 1.03 4.19 68.1
7-2 4992 1157 4.31 0.26 0.31 | 1.02 3.82 97.9
7-3 | 17498 | 8052 2.2 0.01 0.01 | 1.69 0.39 64.5 24.3
7-4 | 17675 | 8609 2.1 0.03 0.08 | 1.48 0.32 72.5 22.0

Melting point for the polymer in 7-5 was 108 °C.

[00165] All documents described hercin are incorporated by reference herein, including any

priority documents and/or testing procedures to the extent they are not inconsistent with this
10 text. As is apparent from the foregoing general description and the specific embodiments, while

forms of the invention have been illustrated and described, various modifications can be made

without departing from the spirit and scope of the invention. Accordingly, it is not intended that

the invention be limited thereby.
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Pol ymer Metal Metal Metal Activity, Activity, yield, g conmplex, ng
conpl ex Mv nmmol gPP/ nmol Met gPP/ mol Met.nl PP 7-1 B 7 34.37 2.3 377.2
0. 00610 5636.7 56.4 7-2 B 7 49.45 2.3 377.2 0.00610 8109.8 81.1 7-3 C 7

12.27 3.6 539.3 0.00668 1838.1 18.4 7-4
CLAIMS

What is Claimed is:

1. A process for polymerizing one or more olefins, comprising contacting under
polymerization conditions one or more olefin monomers with a catalyst system comprising a
transition metal compound and an activator having the following formula (2):

[R.AH]" [YT, 2)
wherein [Y] is a non-coordinating anion (NCA),
A is nitrogen, phosphorus or oxygen,
nis 3 if A is nitrogen or phosphorus, and n is 2 if A is oxygen,
and the groups R are identical or different and are a C; to C; alkyl group,
wherein at a given reaction temperature the weight average molecular weight (Mw) of the
polymer formed increases or at least does not substantially decrease with increasing monomer
conversion,

wherein the transition metal compound is represented by the formula:
/ ~p

n / ~x
wherein M is zirconium or hafnium;
nisQorl;
T is selected from dialkylsilyl, diarylsilyl, dialkylmethyl, ethylenyl (-CH,-CH,-) or
hydrocarbylethylenyl wherein one, two, three or four of the hydrogen atoms in ethylenyl are
substituted by hydrocarbyl, where hydrocarbyl can be independently C; to Cjs alkyl or
phenyl, tolyl, xylyl and the like, and when T is present, the catalyst represented can be in a
racemic or a meso form;
L, and L, are the same or different indenyl rings, that are each bonded to M
X and X; are, independently, hydrogen, halogen, hydride radicals, hydrocarbyl radicals,
substituted hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or substituted
germylcarbyl radicals; or both X are joined and bound to the metal atom to form a

metallacycle ring containing from about 3 to about 20 carbon atoms; or both together can be

an olefin, diolefin or aryne ligand, and
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C7 11.12 3.6 539.3 0.00668 1665.8 16.7 Table 7b Ex Mv (g/nmol) M (g/ nD
MV WMn vinyl enes trisub vinyls vinylidenes A H (j/g) Conversion (%9 7-1
4790 1098 4.4 0.32 0.36 1.03 4.19 68.1 7-2 4992 1157 4.31 0.26 0.31 1.02

3.82 97.9 7-3 17498 8052

L
T / ! ~ M
L5
is represented by the formula:
R3 R4
Rs
R2 /\
Re
T M F:
7
R
N\ .
R3 R4

wherein M, n and T are as defined above, R; is hydrogen, and Ri, R4, Rs, R¢ and Ry are
hydrogen, a heteroatom, a substituted heteroatom group, a substituted or unsubstituted alkyl
group, and a substituted or unsubstituted aryl group,

where when the polymerization process is a homogeneous process the monomer

concentration is up to 15 mol/L.

2. The process of claim 1, wherein the one or more olefins are alpha-olefins, optionally

in combination with another alpha-olefin.
3. The process of claim 1, wherein the one or more olefins comprise propylene.

4. The process of claim 1, wherein [R,AH]  is trimethylammonium, and [Y] is
tetrakis(pentafluorophenyl)borate, tetrakis(heptafluoronaphthyl)borate or tetrakis

(perfluorobiphenyl)borate.

5. The process of claim 1, wherein the transition metal compound is a metallocene
selected from the group consisting of a rac-dimethylgermylbis(indenyl)hafnocene or -
zirconocene, a rac-dimethylsilyl bis(indenyl) hafnocene or -zirconocene, and an ethylenyl

(indenyl) hatnocene or -zirconocene.
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2.2 0.01 0.01 1.69 0.39 64.5 24.3 7-4 17675 8609 2.1 0.03 0.08 1.48 0.32
72.5 22.0 Melting point for the polyner in 7-5 was 108 C. [00165] All
docunents described herein are incorporated by reference herein, including
any priority documents and/or testing procedures to the extent they are not
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contacting undef polynerization conditions one or nore ol efin mononmers with
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havi ng ghe f Iomn mul.a 2
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given reaction tenperature the wei ght average nol ecul ar wei ght (Mvy) of the
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i ncreasi’ng nonofrer conversi on he ion netal compound is
represented by the formula: Tn L2X2 wherein Mis zirconiumor hafnium nis

0 or 1; T is_selected fromdialky I5|I¥ diary I5|I% di al ky lnEthﬁx“
et hyl enid (- Ehppeggesy ofclaiggl o pdiersjn dbsjraasiyipn \ipgirle pomBernd 15,dimgthylaidylor

four of t u h r
o TSR S RS L1 i g
xyl yl aﬂﬂﬂbmﬁbkﬁkénwanmmmMHndﬁnmhyboe&enmhﬂtmﬁbw@méwathamiém&ﬂhdd can be
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13.  The process of claim 1, wherein the transition metal compound and/or the activator

are supported on a solid support.

14. The process of claim 1, wherein the catalyst system further comprises a support

comprising silica or alumina.

15. The process of claim 9, wherein A is nitrogen or phosphorus, n is 3, and the groups R

are identical.
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26.  The process of claim 1, wherein the polymer produced has a melting point of at least

100°C and an Mw of at least 40,000.

27.  The process of claim 1, wherein the polymer produced has a melting point of at least

110°C and an Mw of at least 50,000.
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