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Field of the Invention [0002] This invention relates to a new catal yst
systemthat includes a transition nmetal conpound and an activator, the
activator conprising a non-coordinating anion and a cyclic 10 cation. The
i nvent i Htlen| Gaaly st Sysen ang Bypese sadlefip Pobyoleyimetidnzi ng ol ef i ns usi ng such and
relate catal ns.. The .inventign further relates to the polyners
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pol ymeri zation catal ysts are of great use in industry. Hence there is
interest in finding new catal yst systens, including catalyst activators
t hat | RREQRETY KA AMyneri zation 15 activity of the catalyst and allow the
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are of t@nebagey o ALt bocwoes as catal yst precursors, which are activated
either with the hel p of an al unbxane, or with an activator containing a

non- codtigidrfithe Invention. 20 [ 0005] EP- A-0 277 004 is one of the first
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The NCA is, on the one hand, capable of stabilizing the active cationic
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ammoni Lﬁaﬂk&rmmﬁ@ﬂﬂmlﬁﬁhl on and a borate anion as the NCA. The cations
di scl osed are alk and/or aryl ammoni um or phosphoni um speci es. EP-A-0 277
004 st d08@3]t haPlq mepqimpre@alp@ chiabystsgie oﬁgreatcuswm@ust@atﬂme divowiisdntgecshin
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rel a3 i vRlivitpuf e caflysoBhd gadve tHeepibauddias &F pbBmarOhalif® GediMapropdtity sa¢idad hus
interferi ng}bwl th theﬁactl ve catal yst. [OOSG%V\D 91/ 020%52 df}b?cl gi‘hes t he

pol ynerhlglannbmgdmﬁuag%hr@h/mwiawl@rvvvfnﬁhltecul ar wel ght distribution (MAD)

pol yet ocene/ act i.vat or wherein, the actiyv,
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Gardello, MS. Eisen, Ch.L. Stern and T.J. Marks in J. Am Chem Soc.

1995, 1cpmtalrmg44011zqumatlég)@mpnon t he preparation of catl on| c
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the choice of the anine in the activator cation may al so be inportant, as
cert ai reoEPOARY C@amrlam@c?owi PROT@nAiNg pEOMENGHY) G8e Beconater-etiamd he AN(sA dé.rimi sh
its cat, tivi gecor w.th thi h
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as well as the polynerization activity. [0008] EP-A-Q 630 910 teaches the
use2df inpaspoRiog;istolyhe ealymsr ebrins bhe peitvatary fisplogedoire aprepairs foinyarampRiam o
cataly e5dC C t £ i on
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al unoxamemoniti® 6y ph@phdBush §ekieks eHPIAYS2TOOS is68S thaiTeicatdjeeine bappiid, a
Lew s base and an al unpxane. EP-A-0 630 910 indicates that the nmetal |l ocene
cat i on-ACHy#ter privd terist B ainguirplagamprancpiophishestays iporlivioni angdt viish pedfaiably t he
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at the ew s ases used are, anong
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above, several authors and g)tent 20 applications teach the separate
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compoursibgifort B EsSdfioly AL LREIsYBRHICAR G (e ORRER A it lor
S. L. Saratovski kh, N.M Bravaya, in Polyner Science, Series A (2006),
48(2), 99-106. [0010] U S 5,416,177 discl oses the use of netall ocene
conpounds in conbination with 25 activators conpri sing

tri s(pentafl uorophenyl)borane and at | east one conpl exi ng conpound, such as
wat er, al cohols, nercaptans, silanols and OXInES for the polynerlzatlon
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[0016] 1t is therefore an object of the present invention to provide a
process and a catal yst systemfor use in a process for the polynerization
of ol efi N80 2empE¢i4al |y propyl ene, wherein the 25 resultiPag/ysedopmersss have a
hi gh ol ecul ar wei ght and/or a high nelting point. Ideally, such catalyst
system shoul d al so exhibit high catalytic activity under (propylene)

pol yneri zation conditions. [0017]1t is also an object of the present
invention to provide a process and a catal yst systemfor use in a process
for polopmarises syNEllepichan apaasin (chijorp (ojslif.arra-argmpth apMOREEs catinns ¢at ably st
30 sysh&&haIIOM/raising ol efin conversion rates, wthout substantially

| oweri ng tHh&“ ol ecul ar wei ght of the resulting polyner, thus making

conmer qog47]pol ¥Rl GZatid1R) MSOERSS &Sh. DS ®rei{d TUeMarks iN®. Am. Chem. Soc. 1995,
2010/ 014344PCT/ US2009/ 049528 Sunmmary of the Invention [0018]This invention
rel at esllffo R1d4t13135t rappst em thenprapsiatign aok rcatienit i prlymetizdtionopfalysld &am an
actiyator, the activator having the foraul.a.(1);: 1R2R3 " IYr

aner b it SSRbARATH Lty oo TRy ik SE R b S0 s,
R and 43 N &/danek paiay, byik s@%gwﬂaa tidt, 18oapI0 Bicqait T¢I iR iaBGvANHBhERRIHYA the
groups and together forma first, 3- to 10-nenbered non-aromatic ring with
A, wher¥EA. heychaisetrdrthe pma iadbaectivaiyy qrEabary aleybopapwial|ay cEalfeitBes of
at | east, ON&FREAT 1A BRI EnOLafl aBH%ﬁdscd%Iﬂ% & cajfglyfaé I@I‘v%t | G, Q00
aromatic ring sys?en10f WO Or nore rrngs, ereinsard at least*6ne second
ri ng orwith this SdpgtRIBniis ahstb@tidding ksl rdpoftsd i thigartialedwitariethat eRyprédeass of
the first and/or at |east one second ring or ring systemis a carbon atom
or 80 hemexggensns apunareape sienifigsstly depresses @%I%@ Ipplyter piedust anpyel as the
substit - fromthe group consisting of a hydrogen atom hal ogen
atom é#ﬁﬁéa%éﬁbgﬁé§%?'C5 to C15 aryl, C6 to C25 arylal kyl, and C6 to C25
al kyl ar[g008]15 8RA-BIH3I001d tBychco genusatodfie@rLduds bascCld caltil lthe Qutivitg df 1inCl
to C10 al kyl ene group that connects to said first ring and/or to said._ at

| east CIEYBIEGHEN rGadyssy EPY B9sst efn, [160WgPsPhy. peesiane theyemaiysa waetipn

rel ates,, galéelg.r POERYer e RANITRLA 3L g&eﬁ’ﬁﬁe o itRn el 51?1 xa&?%%'nséf'st%&
contacting under pol yhmerization conditions dRe S vore ol erih rono rs,

pr et 2r atidcyospd alcon®rissd 4 fc@llo@halcp@bosnds b @ RwEObEE and BiY aRkinfokams iIBP-AM) 68X al
conpound and an 20 activator of the forrmula (1) as defined above.
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pol yneri zi ng one or nore olefins, 25 conprising contacting under

pol ynerlP98}]i onDeamgi the sardicn iraclypesigy tee @ﬁé\‘sifﬁp%g‘ﬁ(ﬂl?ﬂ% say el autharp and patent
sysiem j Sl ansi.ti I naacti o) .

F o1 Fou FOTRAIoR: Noach, e el bR, of AR, BRG, AT RSHER Aorlishll e
ani on (ME&loced® fmsound} rtagecatiopNSAhactisat@r agry gpiondllyl, SaiB orfgakoal@minum
nitrogen or phaosphorus, and nis 2 if Ais oxygen, 4 - WO )

2010/ 0193WRPEEF/SISIV0VRINES DS and 7178 Yrotp's SRIgReY.i 48h Preial S&r Saatavekikhy
and ar - : N\ef i@hinaver age nol ecul ar wei ght
(Mn) 013\]'%?%% ;?%rfadfl@{%e lé}ﬁg’rse%%gé dc%r@()@?g?egs% chc?és not substantially
decr eaqg0019]t h iUNSr 6a36/21F7 rdisetores ticonweos etllater® @nv@unde ac icombination with
tenperature. [0022] The prese invention also relates to a po] yner

obt 23 naSIEAMES SHIPTEINg H@(%&r}htor@ha%%lM%@darﬁI 8l &agleqne B?@BII%XIB@SWR&“P% of
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versus propyl ene conversion of the resulting polynmer ih a propyl ene

pol ymerpartadul o -iceand. iSomil erorachlyst eyktdrat ah-disslosed at WO 2@ FpE6a8ur e of 120 C
with rac-dinmethylsilylbis inden%%) haf ni um di net h and 10 different

I
cat i on/@lact WASHETOHNE SHELH 5 WO tI (iiaed discions snreriblystislone inas
comar ahLine pofiRy 2hefein ({0 281EI BT Codfip ARt UGHRUSHORAG hiBhatic,
t emperature ? of the resu?tlng polymer 1 n a propyl ene pol ynerization
readl i afitregdnhconginidg ety bsdel yhdhi & pyrdeayin)idévalmonuimddlerahdWNCAs, particularly
tetraki s(pentafl uorophenyl)borate and tetraki s(heptafl uoronaphthyl)borate
and t wdo#f¥ erent 15 counter-cations, trimethyl ammoni um (according to the
pr esentjghiment xan) i b -at i ve)
F0025] OO He R R3S el o o o s TR, e ST FRTRY Bpdond
reaction tenperature (C) in a propylene polynerization reaction with
rac-di net hyl sil yl bi s(i ndenyl) hafni um dj net hyl ,
t et r aki s(pent af | uor ophenyl ) borat e and tet r aki s( hept af | uor onapht hyl ) bor at e
20 and two different counter-cations, trinethylamoni um (according to the
present invention) and di nethylanilinium (conparative), see also Exanple 2.



[ 0026] Fi gure 3a shows the viscosity of the resulting pol ynmer measured at
190C versus reaction tenperature (C) in a propylene polynerization reaction
wi th rac-woioitiyd4gi | yl bi s(i ndenyl) zirconi um di net hyl , PCT/US2009/049528

tetraki s(hept af |l uoronapht hyl ) borate and two 25 different counter-cations,
trimet hyl anmoni um (according to the present invention) and

di met hyl anilinium (conparative), see also Exanple 3. [0027] Figure 3b shows
melting point (C) of the resulting polynmer versus reaction tenperature (C)
in a priopfirebly qomegﬂ«hleﬁwbta bawiselase. dAURpiorth apd @n dictieatpr | 13ic agtibatey ilSn@tengpl )

zi rconi um rak| hept f hth 0 dj erent
count o s eGTEN S bh g o tdERuR! bR IRRE ML REA A DRRR IR PR fon)
and di nedidiydiami dakibh Uﬁﬁilcﬁ el mﬁamylamﬁomﬁ@eNalc&ﬁo@@mh@o%ed ORRS the dirgdnes
2a, 2b, 3a, and 3b "Me3" is trimethyl. 5 - WD 2010/ 014344PCT/ US2009/ 049528
Def i ni tait@jngs parpe)qorometic FOE ST thetthics alkil gioupoare identisalt al yst syst ent
;i . f‘svg itigﬁ;'sﬁfbﬁg/ogﬁ(ﬁgesee sttocé’rrJQ%Qf%”chgatalgatt cont %‘ﬁlg% VgP %glﬁ%[o r Déhdetht he

conpr i S&@ﬁrabolkyﬁ@ﬁkatamt ¢RIt tpredurdoed, qjartmm@zulﬂataﬂadesl@s iR edsardn th@glﬂji‘ra@th\l‘b as
5 "precatal yst" or "catalyst precursor these two terns being identical in

nmeani ngPohYiBECYatin) cmlefats|mtleg<zq<11a%@réa%st9blllésh&" harvoaaﬁlwtatdeﬁclossadmar&cqonm%# off s
al so SOfIe: rﬁrq?l%uﬁleéa%o{l (ad aON A ﬁld G 8}%%{ a %%9% 1I[%fc pa%igr t'I]ﬂ %lelb f’?uerﬁ%s are
all identic n nmeani ng are used erehangean e activat

activatigsd ith&letah&ﬁﬁﬂlﬁmcﬁatl@iﬁh@ sere@tmcﬂcmﬂl haddgeQnus hﬁd mtylanajzloThé BICA is of a
catal yti cal I é@actl ve form For exa an activator converts a neutral

net H) | oéBiE bespsudigciond cig 9n cHS: 1%6 o discussedubere.i i is ridsa stid] fet &b |y
active te
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cat al ysdonfpousd aretrﬁteieprecat al yst) together with an actl vator. When this term
is used to describe a catalyst/activator pair after activation, it refers

to the [B8Hlvat Othe akcigrgaaes a¢fd intpestc iyt bBrtehcitngl-anfio Seleetiye Santheim ehe
t t
oo 2t By OHIETa AR SSRGS TR o NG ACHHEL DAL LY B
r eats arigs6{(7on UShE00sAR068SE; BP PEoy reo0] m 00159p€RCind A utdie askon e, SPeandiunal |y,

catal ysts are conmerci allﬁg, of fered and shipped in the form of neutral
conpourfeialyeedgintramgiecplag, QToaﬁ%@?’éllopogéYF‘éOI@B%@tﬁ adJighlyAetive diosist ¢ #tlystand
conmer the atalyst" is sonetines used to refer to the
non- act(:\(:) Itl&g&?lh%g %?)643[}‘6 ﬁfé{ (fstabl e) netallocene, which still has to be
conver t[@0l15]o i Thereds peit tai wed dhaligad fHondw iand dmpieied oataBBCEystinishha2ihg feod
nononers to produce polyner. The_catal yst system may be in the form of an

act ual €HHBo&Itthe ﬁol;yﬂ@ﬁaatw ofr QJpiinhdn PFdeR &9 9%@1%@9@@%@%%%&0%66% Kech
acthyat.Qr c

coutd erStiph BB o IRRILPSII R BEACBIAR: Co Bl Bloft deterigrating
such asha réswtﬁlg_@wiy&indﬂaspﬁopemresl Aldohén fabpyleiic @olylmdnzat@@ntlﬁdréusa@ propylene
separately, the transition netal conpound and the activator to be conbi ned
whenev&PNdeigB @ftegess alqng witha deosasg|in giolesytasiwgighdepar at el y or conbi ned
wth ei th

it dooftlcomfan g bl A offEbt FORRRH P b0 FNIAE, Biocls B8 Foatalys
react i ogstemsfoe hsamh esp@vessgfbngleqmmmwmdaombﬁ oleﬁnmazlsj)gc,lallyh&opyiﬁm rértan afe t he
cat al yst Uiystem may, eit hg{lg ra ely or jointl upported on a ;Fglltl d

be
suppdr tresWiiigh Palymery R ¥ead %} ar g ]%%@a%éw@emeﬁglgap%wém $
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Sone scavéditges.s nay aI so act as activators, and they may also be referred

to as coQ- actlvator co-activator may he used jn conjunction with an

act i vatl801iln oFdfeﬁlS? gn PBFFﬁ Hfrihg prepen H&\aepapw proyfde a process and a catalyst system
2010/ 014344PET/ HIS200%, 049528 LA0 M ERY o PO ROyl fokddV G4 EQysf ¢
is understoog[T hﬁt% vvhgnéglgr g pg | 'yner | re?gtpr%%?tg as cpsr?rprlys?(?l g?l

ol e30 n systemit hidsw naisoTEE blefih heonskBidnn rgpese seitiout rsubdtentppdllyyiverering thiemolecular
Pﬁéym”zfvgéédaéﬁaﬁ‘egzwécEéﬁﬁe%‘mﬁgﬁ?ﬁé‘@{qg ROTRG it AOD G Ue G ST R
wei ght @?g to the Z-average 5 nolecular weight. Al nolecular weights
are g/ mol unless otherwise noted. A "reactor" as referred to hereinis
understood to be any container(s) in which a chemcal reaction occurs. As
used herein, Me is nethyl, Et is ethyl t-Bu and tBu are tertiary butyl,
n-Bu and nBu are n-butyl, iPr and 'Pr a%re i sopropyl, Cy is cyclohexyl, THF
(also referred to as thf) is tetrahydrofuran, Bn is benzyl, and Ph is
phenyl . 10 [0032] As used herein, the nunberl ng scherre for the Peri odi c
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aromatic rings that are fused to each other via shared ring nenber atons,
that are covalently linked to each other or that are |inked via a conmon

| i nki ng gwoupio/aush as an al kyl ene group or 20 a het er oPaTarse@onyEei ng
group such as carbonyl. One or nore of the aliphatic and/or aromatic rings
of the ring systemnmay al so contain one or nore heteroatons, such as

ni trogen, oxygen, phosphorus or sulfur. Any of the aliphatic and/or
aromatic rings of the ring systemmay be substituted by one or nore groups
such aéﬁsnyyuz;Jﬁhainzguuzn al kyl , cycloalkyl substituted cycl oal kyl ,

hetero al k tit d heter 9c al o al k ogen uch
oA T R B i e e Ry
sat urataad aaradnmaatnéra@ﬁeﬂoﬁh/@hﬂg:thby&hﬁﬁ@(lbons For the aromatic or
aI|phat|c rings of the ring system the above-provided definitions for
"aryl" and "al kyl" r egar dilRR & Hubbkr of carbon dlbns apply as well. A
rings syshen1|Q]the cont e t he §ﬁ§i> i nvention contains at |east two

f
rlngs (Hmnﬁ cat OnCOI%Hygn L atomthat is part of a cyclic ring

StrUCtu{ﬂnnﬁug&fbﬁ%hdqﬂbﬂhilOn a benzyl group has six 30 ring carbon atons
and parafnethylst rene al so has six ring carbon atons. [0038] The term
"am no"Rj andyBedrmbydpenrby greprs ot betelpatogi-eenaingigyrossHad eredshangs togatheid

@ is i I 0 on I kyl
Subst i to8d Tkt 1 GRRE sob BT R Deb05) B b A8s My BHEH R en i
subst i trémbbrs yﬁdyoabﬂmﬁallynet aicabyal oRbKast sudsEdohd]! ednhigt esrogliphhoalrygl or
aryl, substituted aryl, heteroaryl, substituted heteroaryl al koxy

ar ylbxyal lphittlcwndémdtr@”e#bi T Y518 O HEYO T Ess 1T HIZP e‘MhQD‘e@éﬁhdrﬂt gt o spmeg]nan s

i nventi t S 0 n [

compoursa T Rl is BodEH A8 Ay P Rl Ffer MR MBSt s R 3P LIRE Bl

i nvent isetordl si@gr 6 aings sysoena 1praa&eﬁs)nofatonoloynerhezarazgomnen@rmﬂorte altefltumed
nononer.s u5|ng a catal yst system conprising a transition nmetal conpound and
an act iipetpsrdatlyryr peg ar poye évb%lﬁ)entwcwn%@meﬁhﬁ LroHP epnsistiag Afyshydgetnens
accordi t sgn ny, [ e SS
of ne 487 UIE REUET GIERY CROBCP T Trlih Py BRY TR ST

Act ivatdR’dnd h&@rbgm&ﬁtbﬁfbrl‘@lttb asatkol, ofRE & /61 toQoRtyas grd130HA] chhaccts to
transition metal conpounds are activated to yield the catalytically active,
cati omSéldtfliréh%m& ashorasad at by ous deeadiring o4 rpgeuHeMcoor d| nation site to

whi ch one

pol yred "R . TPoblee ALEE LR Rk WER pREL AT Bb oG it B, |
pr esentcohﬂmeﬂltgl @ﬁntaamgaamdmatp@tyrﬁﬁrlzraﬁ@l f@inkinmmm gogener aioré o] eflith amo(ldx)lerer

(2) is used to actjvate the transition netal conmpound: Fornula (1)

i s [ RLAPSESIb]Y prapyleps,) wWither edty tvaysicdl sompiining 8 rtEANSIHON getain ppqudgnd 2
furiher ToMN vogen or phosphorus, 20 R and R2 are
hyd%@ca¥hb%83@3§%s orﬁhgygﬁég?%ﬁggéntalnlng hydr ocar byl groups and toget her
forma 00204t , Bequdlly, 1 ﬁRB&iﬁl‘lﬁ@hnﬂOﬁ-rallaMHbItbe fuben gf W dopBundvo€ feintulay) as
nunber of adj acent ring nber s nay optionally be nenbers of at |east_ one
second, eglfl%(ﬁﬁ?‘i"@ Bra &P‘iabﬁfaﬁifséef? ity h@rPOAymﬁﬁaflpe Arfe Y BPSRIEiRS: PrefgraBlst em
of two one second ring or ring system
IS fuségsgo §%?§é@?§§¥8f?ﬁ§h§n&g&%ﬁg§g# ny atomof the first and/or at

| east d06205 s@b@ndenmmgﬁmMmﬂnmgr&y&ﬁanam&xﬂacﬂm@onm&mamgoﬂwanhmnebhﬁi@n1

and_may be substituted i ndependently by aone or nore substltuents selected
frof t FETHYSIHE CBHSHBE URGCTOPOIYMRY oY fPNaLtioRT ORaIosgReIC Alefil mepomsrscyih 2

R 15’ SR SORRar AP iR o g PS8 LA G MR

group tfbatuleghinects to said 30 first rlng and/ or to said at | east one
second ring or ring system Fornu i s: [ RnAFI [Yr(2) wherein [Yr is a
non- coor di nati ng ani on (NCA)H%§}HUE¥ er |Ilustra( d below, 9 - WO

2010/ 0 I gen, phosphorus or oxygen, nis 3 if
Ais n}?%%ggfyiE§%ﬁ%§pﬁ§?ﬁéﬁn§%%6%@$§A“ if Ais oxygen, and the groups R

ar e30 dehis mwabgar, phivspherusot osyinar e a Cl to C3 al kyl group. [0041] The

pr esent nggntlon t hus spec flcaII E%es to the new catal yst system

i tsel f 08 3dbAgs PETasgn 9F PROsA W@?dﬁ*ﬁé? It SOOI and an activator of the
formula (1) shown above, to the use of an activator of said fornula (1) for
activating a transition netal conpound in a catalyst system for

pol ymerizing olefins, and to a process for polynerizing olefins the process
conpri sing contacting under polynerlzayfon conditions one or nore ol efins
with a catal yst systemconprising a transition nmetal conpound and an
activator of formula (1). 10 [0042] The present invention also relates to a
process for polyner|2|ng oleflns the process. conpr|5|ng contactlng under

-, = . ey



thus nis 3, and the groups R are identical. Mre preferably, nis 3, and
the groups R are all identically nmethyl, ethyl or propyl groups, nore

pr ef er ablwO[2RAA14344i s tri net hyl ammoni um or - phosphoni ulCTIUS2@vioydsasmoni um
or -phosphonium tri(iso-propyl)amoni um or -phosphonium 5
tri(n-propyl)amoni um or -phosphonium Trinmethylamoniumis particularly
preferred. If [RAH ' is an oxonium conpound (with n being 2), it is
preferably the oxoniumderivative of dinmethyl ether, diethyl ether,

tetr ahW@ddh@gm@S Rnerediontieakor diforn] prd arsot heito Emiobiail weavn, WAarest thevweight of

above- delcted ) rlzatlon pr.oc f the
o esent PSSR W (feSE i bt b FoRRRC e RabSy RE"0RRS, fhsehne
[ RIR2 R?a&bsta,dnauy debRL&] Withfincfeabink hagemep éorﬂbmmratgsven%a@m tERp@hRire.
hydr ocar byl groups or heteroatom contai ni ng hydrocar byl %roups and toget her
form a [PP2Ht | 3Bhe pecsent meatieanedlseaplates darett Pelyrich @bikiinablaby e efi theagbpve-
nunb;r QCI%Z) rzlgobcln%ses three, four or five, nore preferably two, of
adj acen Fi n P ers nay optionally be nenbers of at |east one second,
ar omat |1;r1gr1)@|chphahlocmd Deavdhedl | phatic and/or aromatic ring systemof two
or nore rings, wherein said at |east 15 one second ri or ring systemis
fused tl802Hi d Figuss lrwthSaW@lghﬁem@r%eamolm melghhe(ggmplét VeI droptlenceast
one _secondbR%ehe LAKRYSISHLL & 8 £ATRON AHoMm OF.8y NelLaalamang aay
|ndepen8 n‘fF be subs pedylb1 one PO e’ SUBST A dent' S Se ec Ib t he
group G@Mélaﬁtd Wnﬁgratar&ﬁﬂrngeqC atitMradidinReeMsi BAIindedy ) ha€di@mabiydthyl and
preferably C1 to al kyl, C5 to C15 aryl, preferably C5 to C10 aryl, C6 to
C251Gr yd.lféty Py catl(sm/aJ s a@bva@z@ bt pecording tafhg PRCRsingCTHipHras geahl astOmMPRCHNE. C1
to Cl10 S%é %L L 12 Cl to C10 al kyl ene group that connects to said first ring
and/ or ‘sai |'éast second ring or ring system Since R and R2 may al so
be het qooz4]om Fiug: 20kKdvadeRy vEB@sRAGIdASeMhcRKNY Qﬂr())cqaﬁé @ésﬁltfmg poyghaciardby|
groups, the 3- to 10-nenbered ring they are formn ng [or the at
| east dwep¥eomelymerizagen r rasgtiany swish ﬁ@ydlwmyéillﬁﬂnﬂeldénylamheﬁlmu
het er o ) ygen i IS
o pr ef ar R bl B HAD SR and e AR RS BOrf e
ti nes iddub@i-Gationk stkinfdthigaramdhiam @acdtdiag td &&qires@ﬁemseamgi afid Bigh Byl driligium
system Any additional heteroatom preferably nitrogen, nay preferably be
subst i tEeRPARhERpERESAMPIE Dy a hydrogen atom or Cl to C5 al kyl. [0048] One
preferr nbo 0 d t .
foll owil? [ﬁ&ﬁor nﬁ l[{Féq b, gho%h[ nfe%i}{gl%_lp_n? (gg n%.*l ﬁlev\gsu tﬁlg &%fﬁl F%e'rﬂls Qgctlon
2010/ Ok&aﬁék’é’ﬁifé l@SZpﬁlQ/aOﬁﬁ@B:nb rpoﬁyaﬁmdaaoﬁ Jr):actialn antl R2-dirngaykeylbaiadéayl)

w th a being 5o0or 6, and Ais

-(CH2)a- (i.e. yl ene) gro

or ef er ahﬁlﬁyulﬁll Eilf%bﬁ tﬁgalilgp@tﬁﬁmr%@ﬁyla\wﬁﬁeoanbtetf%l@@t%ﬂlumnapmhyhhona@ a
C1 R2.
L 19, S8 SR LD LG EORIRELA IR L] 10 P PO

at ons whiinethylasilmonn écdngshritd/ed vec iiso@xbmpred by R2 5 and A. R, R2 and/ or R3

may aI so be aza- or oxa-al kyl ene grou ps. R and R2 preferably foroma 4-,
[80261- nehigtiFeda shows &Eowﬁ@qs y raf rthe wEsuHingheolimer Bisavired a0 C versus

[0049] P ab f (1)

t oget her%&fgrgé a{eﬁpéﬁﬁ‘;ng- Eﬂ%pﬂ’( aljasoBFOé)%c)}n r edﬁ?1 hﬂteﬁggﬁ)}%k F’&gngﬂ gr oup) Wth a

bei ng Jimdthybilolvigindemyl Rl zi@bdiuR? dimythad, smtbels&mtaMbrmphtaylkbdrabe agd ofwRs as

rrentl oned above. R and R2 preferably forma 4 or 7- 10 nenbered,

non2ar dideteat qOH@temtwn@héﬂmefhrm@eﬁowem(%w}\%ﬁg | ﬁOmﬂ@q yCSRAnPrEYion) adch

ring ar | razinium indolinium

i soi ndol'i nlhgﬁlhhﬂf#lﬂjﬂg IP%;IE%\% n%gé l;‘{‘rlt%ér)jp 0 1{r%l%um pyrazoliniumetc. The

addi ti q0027]subﬁigluteu6f0t sl&twsAdeEhg ip®int n(°€D1yofofhet b@amntgapelsmpf esfeesruabﬂeyct(éh to

G5 alkyl, nore preferably Cl to C4 alk even nore prefera
al kyl , tamBCABFe (Hrfe@aBlopyleet MAlyBerizs: lﬁmreaqﬁ@nnwhanagxshrseth&lstlylbe&néﬁwl)

aI kyI e of r KM, y a
o S b £1 SHaltRefndeioh @ e SR, 355 ol BoBhel iy
gr om) tthateth;zdmmﬁomlamt @ctdraingito stie pichant mhaom)l and dnethifPainditdurA (amdpantitde at
| east second ring or ring systemfused to the first ring. Thus, [RIRZR3AH|
can al $6° 6P FxaPleiXyclic structure, for exanple but not limted to the
foIIovvl nes i QK .25 ed in one or nore positions
by any ggﬁgtl tgl(p\{?{sl&?r%g?%bé?g ggﬁgvgiegngsbéﬁ%&%nt ai n unsaturations, but 20
are preferably not aromatic): H If additional heteroatons are present in
the first ring and/or the at |east one §econd ring or ring system
structures |like the follow ng, nonlimiting exanple (which, again, may be
further substituted by one or nore substituents as nenti oned above and may
cont ain unsaturatl ons, but 25 are pref erably not aromatl c) may be used as

o, 1 1N N P I g,




3, 4, 5 6, 7, 8 9, or 10 (preferably v+y+z=3, 4, 5 or 6), mis 1, 2, 3,
4, 5 6, 7, 8 9 or 10 (preferably 1, 2, 3, or 4), Ais nitrogen or
phosphor \sO(2proafied4abl y nitrogen), R3 is a hydrogen 15 atromiuseoo@n445e8 C10
alkyl, R is a Cl to C10 al kyl, where any of the (CH) groups may be
substituted, independently, by one or nore substituents selected fromthe
group consisting of a halogen atom Cl to Cl10 alkyl, C5 to Cl15 aryl, C6 to
C25 arylalkyl, and C6 to C25 alkylaryl. In another enbodiment, at |east one
of the Q&!Bl_g!ilﬁ)ups is replaced by a heteroatom preferably nltrogen In a
preferr nt, ther s. de lcted aormul a

Cotur at B oBon TR atSs o OV aRisE, Tor Sl o anry ot oaty e

Al ter nadoﬁip»neﬂtb €halt] falerC Qipech)] Iﬂgw(i@"rﬂe actiA@ QAN OAASHARCTL HSANI MO &8t
(CH, and (CH) is not aromatic, while the ring containing (CHx)mmy or may
not be 1avfmﬁlat1|tbere{0@®5®pmh@5@étl¢a§hiaéra@@iﬁpe megial eompowad 4else vefewed tavhergin as
contsacterecvqai oL he‘trglstm tion me e 1.1s t.on_an

St or, catia recurgor t twoneg snlgjel%l(fgntlclaﬁnat eamn attl)(? ge_mgmuse

t hus’ belore neut ra onor

bases qmegdhaﬂgdaagj faﬁ@mltab@va@@t lmh@h&wfﬁ%ﬂ@@%&n&ﬁﬁé‘ﬂ referf:i:'ddo [anbRZ%é‘dlyst”
descri bed herei nabove coordinate (but not irreversibly as they can still be
di spl adeghibythepe t]éipeft?ﬁﬁnsrrélfﬁ?oh]érl)ieﬁt@a]t e DRGAARS eRch Branepes lntwhm@blw sHieng
to be b t{{)a(&orb Xct 'te% t&lg %%nX tloh étas.l %0%\}%0u%§ dh nv%’t{) ﬂl %pocﬁ t%gt St rt?v%gl y
coor di na d “non-"ggordr nat T ases ou der" %o

achi evefotrh eFdre&bmpIraahn eétf@wreo@&ertsdelda&esﬁeﬁallbme RbPSund 1Iﬂt0911’cs @itioﬁlc fofmpe

able to homp- or 10 co-polynerize ol efins with high catalytic actjvity

( pr Buctligh isythe catabitisallvaetivsi speeies. AVBFV g teaacestanstsuspar at uycd o Kesqubeqf

t he pol

wner o MR LR A LSS S8 A, LSS UREPAIRLcSHONSI ) 18 AR,

descri hegethdt with @ndetightor. bRihe.thik Q91514]1§|' hecdefdof eskcribhat caltd]yist/lbbtlﬂftoﬂ per paty mer

formed i ncr eases w th nononer conversion at 15 a gi ven reactl on terrper ature

is il ustivaiose 1 yefars duihe activiyed rratahest @ad éhfygltlargey@@ RENg dhion; deriygd drom the

L ans! Q0. BPLAEOORONIG AN AROREL] VAL Abw el A ATTHA, (cHbeal@hny ABHE) 0P
of Mwv versus nononer ersi )ositive or a |"eds ven eas

conpir aicifore o€ &thalbytsﬂ:s bemtcemmdmmh ﬂiengacaarntsa(iﬁ itteata9¢ of bblynserizetiornea crich ng

to fornula (1) or usual ly a negative sl ope of Mv versus conversion is

obser vehe r@@om@ysﬁi Y eftHpits Wa%omm@nﬁlailﬁef%r@sm shipped i it of reutral

activat

syst em%&]ﬁ)oﬁﬁd (:3 rgm‘[g@%l%%%aé ?{eltﬁolﬁ)):%ep% de%'hﬂ O%I}] g@ SO f’gf;lé: %dbcdaﬂﬁ&%ga‘"i‘lh%?&ture

pol yol eh¢ mam pmélegtab&, yorpotiypy apyd wnesferiot fmehicglkmatwhﬂed anel, atutidleandagteble) e

hi gher nel t| ng poi.nt are obt ai ned than with conparative catalyst systens
cont ai ANHEIRSAGartisbHA] hagtoibegopyated;te lﬁS|rm§@t&Vafélargeﬁ ferny ity @ECR 153 WD as

wel bn a 0 n (R
pr otbaant o Ro dRoARe, pltymie> HERNTHOSMSHn oA BEtih 1Al Qbreh br P actal
two di fdoerpemtloa@tepaestdcfrcﬁn otic tfra)rsnmlnaneﬁtal) coarqd»hnd af@)he aeovatex@ings resiltiwg in an

di fferent am"mnlumcomi)onents may he usg%ﬁ the sane time with the s meor
di f f er éStValesy cationig j 3 ¥Sho? dPF@téli'%‘HPn & ftional RYBOPREELS ArigIRating O%tt

accor di f 2 in<lpo M&%
br oadera!e?a%gle S%%%a% ?ijr% L;a)égﬁél?)rgsﬁg nbltr Elﬂelq}rléeg t Eoﬁg 3%{ p@(ﬂﬁ Fgﬁg can
t hus beransiidn tnoetdladongroupd hydrdre qztltlwl'er td s corkbined waopdver nééded. Such “kit” may

met Iprrolldlnlumadtrl th iu beuse in co |on

t og SQFAFRIRHEPYY ?fg tmﬂﬁeq%\ﬂa%ﬁﬂ?‘ﬂ éPWO’t“EE FERVU

t et r aki 4

tetr ak.%%ﬁﬁﬂ%a ﬁ“ﬁ%?%ﬁaﬁaﬂi&?@%ﬁaﬁfgféﬂ%ﬁ%%‘%%@é RS P,
sanme efsbemngmg esompoatnds ectof Foatlyorhe mompooestsf, then catalyisv aysemwntaly, @iber
cationi c conponent be us dg%}l whi| e a second Lew s baseﬁrra be added as a

free bASBATAHFRCONBHIZ T WORGIT wﬁlwupm&)suc 3 YBBNY N SHI- cat al yst

syste th t V. in
R R R B e D e

" no30 c coadingalgi Ingpuaneo (Poisvea tisat avoudh Dmerwllsalreadt)e/sthrthe catabnsdamhdﬂctimate htg.

nmet al tion of the cat aI éSt or .t hat ﬂaﬁ coordf'a fI cLhe met al . catign,
but om@%%‘emlgeﬁc%ysa 57 BCt 3 asyarseAngit Velgy £ ?38 "PEEPK (P SR EEHIBT & of
stabi | igl a{&avathenegﬁob YiSe i tcBhMAtticPE A 85 althlafd? ih SrdePidTofin WhGBH{ G pEpound
and the 10 activator are conbined. Said anion nust still be sufficiently

| abil e to be displaced by unsaturated nononers. Further, the anion will not
transfer an anionic substituent or fra nt to the cation of the transition
met al conpound as to cause it to forma neutral transition nmetal conpound

and a neutral by-product fromthe anion. Thus, suitable NCAs are those
V\/mch are not degraded to neutrallty when t he |n|t|aIIy forrred corrpl ex

o o S T "~ N ~a -



[ 0060] I n any enbodi ment di sclosed herein, preferably the NCAis not a

hydr oxyborate anion, particularly not [B(C6F5)30H)] [0061] Any of the NCA' s
[Yr illuswoaredisei n can be used in conbination wth 20F/US20008952%
conponent of the activator of fornmula (1) or (2) as defined herei nabove.
Thus, any conbi nati on of preferred conponents [Yr and preferred conponents
[ RLRRR3SAH] ' or [RAH ' are considered to be disclosed and suitable in the
processes of the present invention. Preferred Activators [0062]Preferred
acti vatl893llof Feorr thel purpeyesi of thie inventadrysit is podenrwodfthathwhpreayseat palyments on

20 and used,i.n the pol rizatdion ocesses of t resent j,hvention are
hooa uRERS 0 8l PO Sty AR RR R e P RES Bin I PRl e 4
bei ng Jolynerbred @brmbof ROBIIRR drovthel mdndmceIospebtiily Fawakkyd to tAOdclghf aldage
[B(04] -5 with R4 being an aryl group or a substituted aryl group, of i ch
t he onen@ecyr eeighbsMnt toe thes nameer gegiege dlolenuladi weighte pnd A tarthe dehertgsd
fromthe aqrqup consi st na,;of, al kyl... aryl hal ogen at o hal qgenat.ed. aryl ,
and ‘hal BAPRITARSIG: b Erolctils? yiotets Al o] yhles Sleriisttlorettl A9 FRECGr 7 7
group, roRedps abRirRlvhdarsrRdftb berinpabedindf(y) indWBRUR a dRemecap Felas@bldirs. As

pentafluoropheng&,‘heptaflupronaphthyl or perfl uorobi phenyl. Preferably,
t hese awed hereon Yais anatlaytbEis ¢thaltttBy path Burdre feriisy dutyd.onPodnd nBawehndatys,

{00631 ArERE PLarea RS LR Bk AT TR ey BGPTSR B,

cat al yHensylsdein®h 4phenyd0 i n the pol ynerization processes of the present
i nvention are those wherein Ais nitrogen is 3, all groups R are

n . . .
i deMd i dAP3Und Asasedhaigin, thermynberpg sehsprediey the Bargdjcykabls Grapray as publiskad R4
bei ng ryl 0 . i group, of which the one or nore
oubeti fSHeblical AR nfhodtinh Bk, LSS LB s)g. SR Ds20001 040538 di f £ er ont
and ar g0633]ect gde tor@m tddecadl, CpuPONEIAS subrgitint adrk Yised Mtdtthangedbdy Ggeh atdom
hal ogenat ed aryl, and hal oal kyl aryl groups, and preferably R4 is a |
per hal dadisafe edrewnythagis dapnd ooy erighestemasiigdigptprbhdrtigor rabeiutgdy Brogp dupne
nore pr r f{uo I .
I A L e
transi tdrowp. "Foalex dmplopRthyd c{elupdntater Ret aydlog@nrent Gubstitiet heitic atrabtiglt
systens of the present invention. [0064]1n the polynerization process of
the prefeHt invention, in addition to the preferred activators of fornula

1) menhheped ip.t L I pa sq .t act i vat r 2
uner e ORI nifle o3 PURERA P SAP R Bt Jo B2l | R BroBhypbiapy @ 10
wher ei rsubsftuert rdedupnad s i uhiestps® e dichglcpatithgitalphitaion, pihedre badklycdusied.
Again, these activators are preferably 10 conbined with a netall ocene (e.g
as explrhedlybr dkrlcpe| dgncs gliing: mst well @ataayly sioups sheyef (fBesg graupshay be

ol ri j the present invention. Transition Metal Conpounds
Foo%@f&%@aﬁygﬁgfﬁﬁ%ﬁﬁﬁg gl congound capabl e of catalyzing a reactionnguch
as a [pod33jner Thatdron alkg#Tis iueed hdtpiano astkt toaini abiphatic, dunakdd otdin@br, asn-cyclic
descri bed above is suitable for use.in 15 the present invention, Transition

net al  CBryelin ebsRivsIntyaicale path »eatnas nambeneiagaghaneions ap dndduabcoesiiiss t o
t he pr I NV: i Hole: ) . - | so
ot o rodeg SEMRRY bAfrAE KBE CHISE erelbly IRLIR lAte Mo SRR o A
pr ecur 20129) ptesahbll flven @ito 18r endymosy pdeferatdn divim il no Sheartamt atoranchndrspedfically
preferablg cycl opent adi enyl derivatives of titanium zirconium and hafnium

Usefl Mehyh clwbrisepylengronylt spreBrle utyhit-bgnb deabety lapthta P Bhe8IPHEY: be
f i : o - o . 1,.
it el R Pheh P 3L PR e ey TPRY i RSP e

i s a Gmogyl isecell, cypicke.atdnyl,t h-hemuisonaniyl .cdsriylm-decy Sisdrdeeyil wmd the like.
preferably zircgonjum or _hafniumwhen L1 and L2 are present and preferably
titani ubASRBS dzgnléloﬁra@@&st or the alkyhingn afkoxy sugstifierpt i onal bri dgi ng gr oup

whi ch, res i N prief: hadi i c . kgl Lyl
ai ar yi P GRS pS S R PR R b bR P
whed@i rsirgie arotwadic ringr @emoltipfecaromefic tihgs, hwidclo genfusddotogether, ebvalérelyylinkad gor
substituted by hydrocarbyl, where 30 hydrocarbyl can be independently Cl to
C16 al klmkeg fo pReEon ey suchyay pypethylgng ‘Pifeeﬂllﬁ?lﬁ%e, maiedy - whidshcommgn Jpkiag groun he
cat al ysh,y 9R¢ 652 R5SHN Q3R iPBed BpRerdoR€ BIbERN a8 il BDReh 2 tHYy. -Thk % i
20101 DL SR EY5087 00 4B 85 Pl e BED Sh R ATERAG AN, T fom¥ rine(s)
cycl opent adi enyl , indenyl, tetrahydroindenyl or fluorenyl rings, optionally
substituted, that are each bonded to M, or L1 and L2 are the sane or

di fferent cycl opentadi enyl, indenyl, tetrahydroindenyl or fluorenyl, which
are optionally substituted, in which any two adjacent R groups on these
rings are optionally joined to forma substituted or 5 unsubstituted,

T o o - T o T



WO 2010/ 014344PCT/ US2009/ 049528 Zi rconocene Catal ysts", Spal eck, W, et al,
Organonetal lics 1994, 13, 954-963, and "ansaZi rconocene Pol yneri zation

Cat al yst swoizbtv/oamizel at ed Ri ng Li gands- Ef fects on Cat al yPCca/uAeanomis5gs and

Pol ymer Chain Lengths”, Brintzinger, H, et al, Oganonetallics 1994, 13,
964- 970, and docunents referred to therein. The bridged netal |l ocenes
disclosed in WD 99/07788 5 and the unbridged netall ocenes disclosed in U S.
5,969, 070 are partlcularly suitable for the present invention.

[ 0069] Pr#t Bxchigieyph etlyienwhéhiséa ﬂu@ﬁnﬂet@ﬁnﬂohw@amd fliphgnylether, tolyl, cumyl, xylyl,

di met hy] i |yl bi s(j nd X wh h Ao
retal eV ORRriofS Aok TS B PR R et el KRy iy

be sub%bbélﬂ&ﬁgz 1hy1uaébeth@£e i SosST dot 302 @Ice&‘e@el efedrﬁd th 2EMEB reE@YE from 5
consisting of a 10 halogln atom Cl to C10 al , C5to Cl5 aryl, C6 to C25
aryl al K120, and nose peefaablyafieyi ary 1S cubee ames, talﬁlwly theeariemay hage $itocldni um

haf t \
oL 081 Mol Wby i s B RS SR, YRSALAN S VBRYL, g Rk T
Pr ef er &i&lebe’d he svehi HosHR Qs HAkSre @y BroigBn bifdensItdand Q&bon hRY ﬁﬁik{)éﬂd@ﬁﬂl}‘ af £a¢h ottinf
not limting exanples of preferred stereospe0|f|c met al | ocene 15 co ounds
are thacplagshdy ProRerBoist SunetsHgh sis| §lkih subpeied| 3lkiletarclogikahl srtistieted
-dieth t
or et e AP nEOELIgHREE, B RBloch otk & MeldBens RN e o

i ndeny|hydeskyt-alphogghéndi phlkeups taryluk gd almin@-[l Yhiburahl eotls Whsikdtt dland sunskiamgader
in certain enbodi ments the two i ndenyl groups nmay al so be repl aced,

i ndtherfdeke hydigparbapshwhicherre fpspd 20 8¢ pygmaticpmegih |11ﬁli‘%dn9fl>Valezﬁlb{EQfH}flkeﬁﬁﬁé‘nyl
2-met h h
[ 3,m,3 tS Ycél ﬁ@bgﬁwpﬁen% ]eI ] nm%ﬁ%; &ngthlrlehg%&ytkl Thé Elﬁklllngélgroup may also be a

- N- pr apybbngh &ichHs-idi cybhihbyjlqﬂﬁﬂyill Hotorde Mk terdr ta9P palaptihdtes ptbmatle groups
-dl-t butyl p henyl] indenyl; 2-iso-butyl-443',5' dl-tbutylphenyl |ndenyl
2- n- butépptaming yne o moredhct@mﬁw» SHEn 9 Pitrggan)xyLen. shosPRYuY|arsultyr. Nen< _

! BTSSR B ot o Cyp O SRR oo

We%’hﬂh@mwﬂfmmﬁﬁﬁwam@“ ﬁyramlﬁlpmbnﬁofuiaayl @raznwl pRGmptieyly bphémﬂﬂl

|ndenyl 2-n-butyl -4- ' -di - phen g i.ndenyl ; 2-sec-butyl - [3
hﬁﬁé%%ﬁéﬁ%ﬁ P?’F@é@ﬂ}]’l oxazolyl thlazolyl and the like.

2-tert b e
|IIustHéy@ve ghgtnot ﬂhﬁﬁ?ﬁ&% 2§§%¥%£§Hg§9ME gﬁggéﬂgggygggaggﬁ%ﬂ:Endbr
nmet al | Qﬁ,@rﬁetlc:ﬁﬁgmﬂlladSrea[ﬁJ@ed mea’ch&ﬁhﬁr(}vm shm‘ed &ngfrnernber atoms, that are covalently
9-sil af| uorenyl bi s(i nd tal .dichlori -di ethyl or -dinethyl,
wher ei <R tgacq|othies of Fh%ﬁiedﬁeé VECHFRTRPD mhlag BEQHPY Sl}i{é‘aﬁs [0 alfey: ?ms&rwm?red
i ndegyl, t
noviyer fRg0eR BRI B sGul B bAE OhC Bt mold o T RIBRRUINRR afompaic
ot her, rh;gs afythoting Isgstsmbﬁay alu(b edntamd&nydr rnanél leadreatbins,t @xdh ab@vieogen Vxygen,
2010/ 014344PCT/ US20Q9/ 049528 [g@@é]Part cularl¥ preferred netal |l ocenes as
transith ?p SaP BEHSo MYt BF aliphatichandier pemetiy dings A tBFING SYPIsE Blagsént
i nventi [ 1f r f ve
for uséﬁpﬁhggﬁlﬂgﬁPg?%gngg % gééggpﬁgg' ng?ﬁyhgrf%%g?§3&n ?ﬂﬁﬁmﬁgp
haf noc e:lyekc)ahnyl haterocpel odkyle ssubstituted heterocycloalkyl halogen, alkylhalogen such as

rac t hyl | bi s(2 hyl - 4- phenyllnden hat hocenes i rconocenes,
r ac25d q}g H%&Yﬁ il R SE@% Y LOX Y @Y1 ﬁépn&e&@é SRt éaid@éﬁégatedand
rac- di ngthy h?dhjoé’zirt%t?s( Por fﬁ%tal?arﬁatzlc &aﬁn}hgﬂé hﬂg ¥R f@%ﬁp% fove- r0V1ded
-zirconocenes, whereln the hafniumand zirconi um me I's substituted,

addi t i afefingionkdor’ taryld edd biakkgyl hidemyding thabstibeuehtarbbry atoms dppit hewell. A l‘lng
substituents, which ar & hal o ‘preferabL chl orine or byqm ne atons, or
al kyl gvoiapsin the euipdn 9%%&6%% INCEN CRRFDE Algheat SE0 rPEssAr HBE yarbpR alom”
add't'QQébaﬁMH%khﬁ%ﬁ%ﬁéb&ﬁé?é%?bﬂc%Bg%ﬁh&%ﬁéihfﬂﬁHG%ﬂﬂhuEP%%eﬁ%ﬂ@Mhm9ﬁ9§3§

Particularly preferred transition netal conpounds are
di n®Q hyrirg daythdoi ¢ etehydr-netinilstymede aiso hyd slx ring carbon atoms.

rac-di | si Lyl bi s(,j ndeny. Z|rcon|um

Fac- et O yl bﬁ? f%ﬁ%l}%ﬁ%&% Tl ﬁ‘y‘io 0. B pup -NQ'Q?, where each of Q' and
rac- et yl Rl ENALRIULRTBh Rl T uhsisd Q0 dbdes EAYL KSostRitea Nty
limting exanpl es of preferred non-stereospeCific metallocéne catalyst’s
are: [di met hyl sil anedi y1(tetramet hyl cycl opent adi enyl) - (cycl ododecyl am do) ] ne
tal 15

di hal i de, [d|nethyIS|Ianedlyl(tetranethiﬁcyclopentadlenyl)(t but yl am do) ] net
al di hal i de,

[ di met hyl si | anedi y1(tetramethyl cycl opentadi enyl) (exo-2-norbornyl)]netal



i ndenyl conpound represented by the formula: WO

2010/ 014344PCT/ US2009/ 049528 wherein Mis a group 4 netal, preferably

haf ni um Woi2810201344dgi ng group (such as an al kyl ene ( nerhylusa@®9/0et5ky| ene)
or a di substituted silyl or gernyl group, (such as dinethyl silyl)), nis
O0or 1, R2, R3, R4, R5, R6, and R7 are hydrogen, a heteroatom a
substituted heteroatom group, a 5 substituted or unsubstituted al kyl group,
and a substituted or unsubstituted aryl group (preferably a substituted or
unsubstayeloekkal.alsktiteed a cxelpalkyl uﬁl@f@mryclmlgmgs shbstiteed ahgterogydapkyl, | arya,
preferre mhodi t . R2 is hydrogen. .Iln another preferred enmbpdi nent .R2 and
R ar e TYURBRR A G RS M BTt Ry PagloRy Our ERLRomRRuR, 2
Cl to GR&cef kyl (preferably methyl) or an aryl group (such as substituted
or unsubstituted phenyl). In another preferred enbodinment R2 10 and R4 are
met hy| .DetailedhBesexiptionhodi ment R2 and R4 are not nmethyl. In another

enbogdi R2 Is. not nethyl. |In _anagther, preferred enbodinent, R3. R4 ,
o, “and OB lar e iyamogRorhites S Mo S B o8 GRS FRIBEUE &t walltyodiing
subst i toehdud anthatisivhlod betbraull (1§.0h @hethaldspediBhbytckent ifveation bigs raaed & red
enbodi rent, R2, R3, R5, R6, and R7 are hydrogen and R4 is substituted or
unsubstd Pigeesd CAINRINMGZIing PR Pt MOEHOISHN IMENQBTS Byt d catalyst Spitean cPRBIiyinget hy|
of phen[Yaln%i%tion 31%%}[199{1% Y GPE RN Lo SY §F BB ic?t M‘Ez)f rPHe 20M 8&%@[ BP}ﬁeO“
of the préeferred neta ?'ocete conpound; prererr cationi conBonen of the
act i vatqtalyngyspned &corith ool thdpes@n ipeatsd af udelén aetpolab@izatienpiootsdfithe t he
precedi ng paragraph shall be explicitly disclosed and may be used in

accH? danessniwnyentionarpdessabed infperdewH hicrein helopol yneri zati on of one or nore
ol ef i N (MRS Sia AiRAaf MBNDA 2 CaRlys! WBmiulih§d €Nt activators can be
used w - Scavengers or Additional
Act i vat[0040] [ O0HO]tldneitioat @kia tcoSipdliedB afUbttahkel toryidl | thas@edyticatl, idiec,
present invention nay contain, in addition to the transition netal conpound
and t hecatienip yangFioy awss jcpapornbhaying p y8cHd ¢PRIABIHEPN Ui Vhisha maremeratdl s

conpouroaatsag P uet B MRERs hio IiGorb e Mer i, APHISAL &Y AT HKAREAS, 2,
usets i rolefashico@idimtowhd Predsht dtdntiaih, Qih, acliRatde bf the foRdwingSienéral fopmurd.(1)Cor

WO 2010/ 014344PCT/ US2009/ 049528 activators include al unoxanes as nenti oned
i n the @bis|ueed igpctizpfe tha tAskiommagtrygograynd:urt her |isted bel ow. An al unpxane

is preferabl \ gomer i i npound repre ted by the genera
formul a (Rx}%iggyﬂﬁbahich ﬁga%qg%%ﬁ?IQEOHpound, or ;Ep(RX-Al-O)"AlRXZ,
whi ch iwheteihi[W§ds a aompodrdthativpsitios ONOBN aafutthex Ahustratsd Beloivxt ure of the

cyclic and |linear compounds. In 5 the general alunpoxane forrmula, Rx is
i ndeperfd&nifrg2en phesithostsky| radi cal, for exanple, nethyl, ethyl, propyl,

butyd, e 2 .l e . ] . B A t

1 o8 BT RE e RERL AN B oRHololonk ko hydlocaly) Wop ER%RHhET.
(MAO) dbrmvalflrstal- twodli-niceddeldB@onraedregticedng @ithey, evhergs avVAinbeoottadjastmgione
hi gher al kyl groups.to_inprove the solubility, ethyl alunoxane, iso-butyl

al urmox dREMBETY TeRe optiotelly ke msBbErs plerkisest paf ssollapiopatly isEliptioAanLen be

pur Phasﬁﬁghét{coafﬂd%rg%méﬁceriﬂ sﬁteﬁpof’\ﬁ%? (ﬁ%{ﬂ%ir gs,ivvh Shueiey 1 &0 el é’cﬁltdc}f@ are
typi cal only used 1 n combirnation wth Lew § acid activators and 1on
act i vatarrsgndystent efupsdetocsaidaliygs ringsambtvhercth imydatomasfoib fost achidfoy dit ilehst one

conplex. [0081]In sone enbodi nents of the invention, scayengers y .be used
Lo B3I eapPtk AELr Badl o B diy?d FOIOBN &I & ot oYL Re AN SBIY BicubiitHEd ho
cat al y§ha@RAddRICh) YA Br hlorc T8I kATHGHMLET k¥ lofCo ts
usef ul a%&rséc%é\;leggﬁé)r Es‘ﬁ’éar&(ra rogep-rwe%g%t?égcf %y&téﬁle rg%ﬁnerga%r o?&rrhsfsal éxo\] ZZ%Q?@ J

i s al umterayhadegdnotan, CRo Cg adkyClE OROC glakyt) C¢ edCgalrylalkgl, aed &iapd €5 akylail,

et hyl, propyl, butyl, pentyl, and isoners thereof, and each Z is

i ndepe ntly Rx or a different univalent anionic |igand such as hal ogen
(A, Brrdikhh exhdgh & @ANdIkiNer RP k& cMY €, RISI&E haBoRHER kUl S

i ncl ude frie?ﬁ%ﬁaluninunl éfgfhypélaninun1gﬁ{o?i§§, et ypglunfniun1§b

di cho orfirdtering arid/arso sdidayleast wne senond tring-onriag Sydtehum num

tri-n-hexylglum pum . trinmethylaluy.numand conbinations thereof. Preferred
boron al kyl (FﬁEﬂuggﬁtrietﬂgh%gbdﬁh.Scavenging(é mpounds may al so be

al unoxapesciATeMPshbh e6odlndARX A6s (NOR) UdhntheMBRENA Y YaBYane and nodi fi ed
met hyl al unoxane. Method of Preparing Catal yst System 25 [0082] The cat al yst
systens of the present invention can be prepared according to nethods known
inthe art. For obtaining the cations qf the activators of formula (1) or
(2) as defined herei nabove, for exanpl € amoni um cati ons can be provided as
salts that can be synthesized by the reaction of an amine with an acid in
whi ch the conjugate base of the acid renains as the counteranion or is

~ ~ .




um More preferably, the surface area of the support material is in the
range of from about 50 to about 500 nR2 /g, pore volune of from about
0.5 to abwot208/@438/ g and average particle size of 25 fPORUShag49508t 0
about 200 um More preferably the surface area of the support material is
in 2 the range is from about 100 to about 400 m/g, pore volune from about
0.8 to about 3.0 cc/g and average particle size is fromabout 5 to about
100 um The average pore size of the carrier useful in the invention

t ypi calA ys HEeEYe PROSHNOIHS PROXYEENr ange of from 10 to 1000A, preferably 50 to
about Qpp?ﬁ %ﬁgnlﬂ;enggeﬁerﬁpl a% nH°2?PRH§ QSO@. 30 [0086] I n anot her
enmbodi el { e supﬁgr %é?pcéﬁérl & 'dnd o RS types of support material,
whi ch ramy tieglousaR aek dehdqr endiF¥rentaid #¥ammlie (RakyCotdug. use two different
silicas that WD 2010/ 014344PCT/ US2009/ 049528 had different pore vol unes or
had bedA04H] ci hbel pagscdl frivenieon thusnypseidicalbe sclatep Kevihe aicon eatelysll sysigse itelfi ca
that. had bheen treated w th a scavenger or.ofher .additiv d silica.that
nad Do orpgons FFarERaEh RetETNERRF L Rt SEHRL b IE Fetbi 4 IFes
above 330 ofanprefAseb Séidihmﬂaleﬁg 6% addivedigy aldalsifbn &gl CoMpoamPitea catalyst
preferably above 650 C, prefera at 700 C or 5 above, preferably above
750 C, Syptemefebpglysicrigng cledips.apeddo § qUBEH nfoarpadymeiziag lefisodiempracess he

support ve been cal cj nper.a 2 bove C, f erabl ve
3007, SrasReot iy e ool SORR L AR A RIS IO alBhR EhE Y FSe
suppor tsystmv@dnipeisingeefang Alo@inkesl. colvpbhindlaef anSupipaiot bhipricalagllyst System 10

[ 0090] The catal yst systens of the invention are supported on a suitable
suppor t108&2]lex plThe RetCHdPEHaBANe gk tdi nproeess e Polsmssgag ok the PEasessar t .
Typi cal | . support s fif i £ ith.reagen t ct-aMth h oxy
g oupe CEAMERsubd kS b BRR A NGB IR DO pe SRR Mt Sa
conpl exystSmcdonipeR BN tBandhisnthndétalcdonthduad uind aumtBiatoy lof fertmi @3 aAdidwh abive Bu3,
etc. Oher reagents would include MVAO, MAQ, silanes containing Si-H, .

chl or o-18i thisnerecesp, theewaighyavrangn mokcilar avaedy o fhe moilyrog: fosmash dugierses aith

The actj : eacted with the transition
net al é%ﬁ%%%@%@Lg%g%g#%g?éi%ﬁggﬁé%gf%%gg%gﬁﬁfﬁﬁg%Separate step and then
supp®r tjeod3in t Bethntad ictichastigfiforhulad 19 and (Destwellnsithé ilompirathceTPOLION is
preferabL%che met al | ocene, can be supported first on the nodified support

fol l ﬁwe'f’& (4% reillsher fugiben Hlusipted bakeey. Vel compiaatiensi Rfatabiens and Dy diselopid st
(the melhih alsEhig BB RE St ih e, B of e pféseliARNib B B by ECROHA

can be Hesga for the polynerization of one or nore ol efin nmononers. Typi cal

nononer s i nclude unsaturated nononmers having from2 to 30 carbon atons,
pr ef er dhgtivagonsg The Catidsn at ons, and nore preferably 2 to 8 carbon atons.

Us of 4l el . i afine Li
or st nd§04T Cy s St LlRBpicl B8 e AEARGNSG MmBUE! UF 11 pB5ys &) ARl o
| i near phonabéd covis byed tapablepb@pan@aangioheidtnssucang i akat or bidncivad tar

cyclic polyenes. Preferred nononers include one or nore of ethylene,

pr opy! dr@sitigntagial sompowyk ehfuisy upon deledsg) ofpa dicatal cavigx siguD 1(e°2 @peplkang,
decene- - = t ene- b . i i .

nor bor el TEING RO ERG dr o prOR AR R ot e AP SR Bondht BYthg sctivator
enbodi medtan hikyprsdsaasnobf thu sansitkeninetih compatied 4 arahdigoh avangl adayioe rresdis) on
of ethyl ene. or the copol ynerization of ethylene with at | east one cononomner
hav?hg Whehisdhe eatalyieq!lysistine shesicSpreferably 4 to 7 carbon at ons.

Partic Y, . r . . . Ao

20101 0130t per M {Rs SEBPRAREAT: BofoR e 8y bt an sctivytor gf aboycrdepicied
ent ene-farmulh€X)eney e ased, whatirke datiohivecamypoacitrias drafocmilei[RGAHEx @herelh;
butene-1 and octene-1. Preferably the conononer(s) are present in the

et hyl erfe ICYHBESABROSRIOIS SRPYYEENt 0 50 nol % preferably 1 to 30 ol %

prefer aply it AliQnfRoIRbYondsBRSL. g ANOLAEA s EeLeY red embodinent the process
of this 1 nvention Fé ates to the onopol y i zati on of propylene or the
copd0 yraaditkagioaps Rfarpidepyicat oe diffencrtt hed agseCofo Cogkylygreup. zER,AGH, ntalgehus be
conononer of the cqopolyner is preferably ethylene and/or. a C4 to 0

| i near ,*MpfARERREY d’&‘o U 05 FRBINM SARPPRFNS RS endBYi froge, Hhesphogiscary
Iinear(ﬁ&.g{anched al pha-ol efin, preferably butene, pentene, hexene,

hept ene, gctene, nonene, decene, dodecene, 4- nethyl-pentene-1, 3-nethyl
pentene-1, 3,5,5-trinethyl-hexene-1, and the |ike. The conmononer, 10
preferably ethylene, is present in from0.5 to 99 nol% preferably from1
to 60 nol % nore preferably from1 to 50 nol % nore preferably from1 to 35
nol % nore preferably from2 to 30 nol% nore preferably from2 to 25 nol %
and nore preferably from2 to 15 nol % based on the entire polymner.

NN A e o o



25 [0098]In a preferred enbodi nent one or nore dienes are present in the

et hyl ene and/ or propyl ene-based pol yner produced herein at up to 10 wei ght
% preferabl2g1oat1483400001 to 1.0 weight % preferably 0. ®02/useod/05aei ght %
even nore preferably 0.003 to 0.2 weight % based upon the total weight of
the polyner. In some enbodi nents 500 ppmor |less of diene is added to the
pol yneri zation, preferably 400 ppmor |less, preferably or 300 ppmor |ess,

based upon the 30 total i ght of the polyner. In other enbodinents at

| east 40040 m ofn ehceprefared iment ©off éompvily b at Ads niteegen 00 phpsphorusnwde,
or 150 .ppm or ,nor based ypon.ithe total weight. of t | ymer .

20107 013 PLH B B07 0B B85 m NS e BhG duertadingresms e 4
propyl afenticaliRhRtHI0] IR 0r HeshyMotdupatimbeastfetatty W, AHTT @nttinkanpaamBhisnt & £ or m
a terpolynmer. Preferred conononers include a conbination of al pha-olefin
mononerpiorhvnAgL.4riethy Romecnitn @ aphnyshoniwnetritise eoryblagrapniun 81 cphospipratans,
P o} e Al oh RS or R0 PrBRETREME 1 BIAL AR hALRALT:SrkRE! e
1/ hexerne; AH¢! i3 ¥hen@hRin® pythpaeldowitne binpropi lie pefatbly| ted eihigwan®rilative of
ethylene/proPerne/octene-l, et hyl ene/ propyl ene/ nor bor nene and the 1|ike.

[ 00100]dimwethe! ghes dictl gther, iirahy dodyanepdnd diexgicesent i nvention is for the
pol ymerj i on,; 0 p > form.h | yoropyl oget.her wi
anothe#hﬁghonepf&38%$€%g§£@né@hﬁ éﬁﬁYﬁgggfé%ﬁﬁﬁ#%gﬁ eﬁ%ﬁ%%bgﬁfﬁé?%.nigw
Pol ymergorahériatibh qeessesf thO Pkéstht Tenise St catibiie dongidnahts 6f kudlic @ss e a

process for pog¥p§rizjn one or nore ol efins, preferably prqulene, ei t her
al oHe dermyafReR’ By Akl n encsin 4 bt HEP SRFoNBRRIOrUS e nd R gy @pearbylhgroups

Proces S, G igh g %ﬁ{?ﬁgﬁ)gdr”&r }II]%/?E RAUYTE e'ﬂ%e?.tfb&?a%f%éld%..tt'oolr&m&ﬂﬁerg& pJpr €
ol ef i n Trononers W ih a ‘ca aPys gtlem o rrsing an attivator o ormul a
(1) as dehathetdn@boted, Whetsin aby randlcogauRtably tig thicesfnt ot AiVEhérepretibly
relates to the use of a conpound of formula (1) as defined above as an
act i vattye, phadiaceat sng spenalesy By fopfoRaly Rrompmbeis oftat depsbpncotrsowt, angypeic or

| ef i ns,-: . it i .
comnondP P B 3 o P 0 o Bhb e FsRP aPhrd §f iR B8 R in i RS
rel 83 esonkscdord A6€98 rin@r sys@hy ivefus@d /g said €iretr rin@r e dolkdreinSanypateies bk Yirst

propyl ene, either alone or .in the presence of another conpnoner, such as 20
et hyl erf@d/or 16 1g3sh 088 SCeQMFING g AYAER ithG EATBIRY 2{98) Pher NStaiiopiom aBthdidi ons

one or i A LS) -act i vat or
of 1 or i epyiy 48 IBAANEA By thEBr Aok Bln SYSLARL RO, BIY SO 4 1L
t he Mvigtrdgdee qohy ielogtorame, Cnao e@gedkyl padfedablgsC, doeS; alhyl, sSOhss &Nt iaafl) y
decrease with increasing nononer conversion at one given reaction

t enper defiCELLFGr tor e 2y boodss gFyllkys and (e Forplkodgrybead Rnds & Rudrogen #ogi ven
reass | ot ,aIRel Ak G LE%04E] BY1RD oNERA ORI Bl ML G ot 1A%

pol ynmer forned | ncreases or at cast does not substantia ecrease wth

i ncr easseagdnmnpoorering oyywen. SSinge Rt aidsR rmaptalsoiat hetdieatsmape. aftrobe fHospionsus

t he nononer conversion is positive or essentially zero over the entire
range OF Of5& n@aﬂ%hgfre?ﬁrbyﬂcgratpénmef% to \Pmerpliceeding s gee Igﬁlalqgh‘@lth A

cataly t N 2t e
CoLal YahgBrehErE ! O RGRE ol MO uLient G068, ok GeGiRSSRATERE
pr ef er dlelteyodtbias Mm dddsionoto d@c seds as mitreganhamd/&r Uxyzmd Mitogempriefae pathtryed he

Mv does not decrease re than 5 % for each further 5 %.of. nononer )
conver dghionplgtergatam hahway EF Gﬁntélélﬁg oPgs PDIVFT &w&w@@ﬁwﬁoﬁ%’m%

achi ev I : Lor atii ' h '
P R R it A
pr ocesgesfentblyt besubstitsdtindaperdintlp by ausidrggea acmb,alr ¥5tto €y stkegn conpri si ng an
acti vat f farnmul 1) or (2) in_.conbinatiqgn with a transitiqon petal
conpour{ﬁﬁiﬁ opy @ﬁ@r%e%%mﬁﬁélﬂ%abaﬁ @ﬁéﬁa@%gh?%@%@ai%mtﬁéfn %@ﬁﬂm&
neltinqbgﬂ@gkﬁgand/or hi gh Mv. [00104] The catal yst systens descri bed above
are suitable t'or use in a solution, bulk, gas or slurry polynerization
process or a conbi nation thereof—yreferapky solution phase or bul k phase
pol ymeri zati on process. Prefgrably %he prpcess is a continuous process. By
continuous is neant a systemi|that opé€rates wi thout interruption or
cessation. For exanple a cont|ligfuous/ proReps to 10 produce a pol ymer woul d
be e where the reactants ar tinual | introgwced into one or nore
reactors and polymer product is continually w thdrawn. [00105] In one
enbodi nent, this invention is directed Fgmard the solution, bulk, slurry or
gas phase pol ynerization reactions involving the polynerization of one or
nore of mnononers as defined above. Preferably a honopol ypropyl ene or a
copol ynmer of propyl ene and ethyl ene 15 and/or nore other al pha-ol efins or

o, o o o NN A N o . . s



[ 00111] Depending on which nononer(s) is/are to be polynerized, various

pol yneri zati on processes (gas phase, slurry phase, solution polynerization)
may be uswo 20r/iaesmecti on with the present invention. GRETRIS2®0/049528

Pol yrmeri zation 30 [00112] Cenerally, in a fluidized gas bed process useful
herein for producing polyners, a gaseous stream containing one or nore
nmononers i s continuously cycled through a fluidized bed in the presence of

a catal yst under rgact%ze condi tions. The gaseous streamis w thdrawmn WO
2010/ 0 1adaupdr (DSROGY] Baomether pisra R4 Gicdiakedense groaapndvithee peingd, BaZkr fnt o
the react usl

of ... Si.ul tane 3P0l ynme roduct | i t-hdr fromth eact or
and 11 o0l AdnBrar a8 RRAE Ko R P Elaindo o Seft Cati iR oRl ™ gob 1O
exanpl ellyi&e dlateiat Mamectd 1S4, 8 forte $BB A7 RO; arkdl, K2 8inGi7dpecific Tbodidnt, R’
5,352, 749; 5,405,922, 5,436, 304; 5,453, 471; 5,462,999 5,616, 661 and,
5, 668, 2981 alkykneEraupPrEs b 1ol 3 prsboy aipme whighois Tem)eckddp dragngioryedby Rath on

(15 parriarrss harfhgog b b bEa0y vl MR RoBER, PERC SPHERRH ArtPES

in the 4-a596- &f 7-fhefabbrdaiiiroddfc Gng Withahs hitfog¥n phyAEri zation, a
suspensi on of solid, particul ate po? mer is formed in a liquid

pol yrer094&li onPesferalls Are doramile oDwii( Dhistotregsme At Raped Rofmssbeesis aa(GHgawi t h
catal yst s r d,. The .s nsi.on.l.ncludi ilLugnt |s2

ot or e A TR0 e ST PHRBENRIE T pele 19, 308 b RR RS mavialio e o
conponeihSonbga-sikpRhaigashpt o mMdntiongd bRl RAndd rrECyrefcedhly dprink @nglslyo-ast 2r a
distillation, to the reactor. The liquid diluent enployed in the

pol {ernerabsreth neBdirQmeticsing pith 4hg yitragernptRand. Nar-linuting exanplespfsuelFipg are

at ons, .ably f d Th i houl -

li quid Iﬁﬁeﬁie“?ﬁl?ﬁe Bgﬁgﬂl‘?%ﬁ 6’%%@@‘&% i g%ﬁglﬁl@n ﬁ%ﬁléﬁ?&iaﬁlﬂb% yﬁlﬂhﬁaezg"?l.dﬁﬁum’

Pr ef er ahbripholiniti@x pp@zeliniam dtSobhyt aditicrd isubstingene apAQREdis ihQAY1st] théwe @BR&
enbodi ment, a 8referred pol ymeri zation techni que useful in the invention is
r ef er r gdcleirbhs Cath§p elkyl. anerg misfesbhinker fozat plbil srernmerqipicfergtlp Cade Cartdd: t he

t enper re | e t | gh i,nto
sol ut1 and rEorspriERAbLNEAY &N GRHERPELS oGt G EhalRp PRSP gt

whi th ite (,ulliyyercneoun aicat petfhrebleiaC by C:eflerarcgoupfant bay prefirdbéypeiCaiy-e in
the particle formprocess is within the range of about, 85C to about 110C.

Two pr eferpear fdily rapun et oRnaeEs s rgmngronginipg § o ctidsd apd/er thegs deast
enpl oyi : : e i1l Z RRRF Al sgirred .
e s L R R T R S A SN S e P
of sl urstiyictrs d@ss@spiaialtmdelimitad tanthe dslldwinp oaes Gthich ady baffiidtier pulatiagses

Al so, 25 other exanples of slurry processes are described . in U S  Patent

No. 4, 1S oAguore RRPIEANS By ARy B{bstiRENISYMGNHOBFhaRoYE fd By et HRE RGeS Byt | n
t he,sl fuly.in the invention the total reactor pressure is in
 he2d arire Prck r%g%%%@ﬁlﬁgubg (2758 kPa) to 800 psig (5516 kPa), preferably
500 psig (3448 kPa) to about 650 pdhl'g (448R+kPa), nore preferably from
about 525 psig (3620 kPa) to 625 Vg (4308 kPa). 30 The concentration of
predom nant nmononer in the reactof Iiqui iummay be in the range of
fromabout 1 to 10 wei ght percent; ferab fromabout 2 to about 7

wei ght percent, nore preferably from about 2.5 to about 6 wei ght. percent,
nore priéReYiEANY hefematapdbaic rictet Widadirg ringgmitorsho akisast pes sesopd a9IR0A IHES

wei ght e K, - Sof Yt | . ol ri

{50316 P SRS g PRI HENIR. Tou G, nBhiitRind AR RREICRE SHRL AR KEdrer
honogenabstiuted lbytanoor piicre esiseisucnfsesanaltioyicd hbs/cl and ahasesonpah yinEatizGdnspbuti N a
continuous reactor in which the 5 polyner, formed and the starting nononer
and?T at¥f Pstferpbly 8pt Apmatichpry beussdes 4 @HP®-d to reduce or avoid
concentration gradients. Sone useful procesges operate above the cl oud
poi nt of the polynmers at high pressures. REQCtion environments include the
case where the nononer(s) act&Cas- kiﬁéﬁ?jﬁr\EmNygnt as well as the case
where a liquid hydrocarbon is usedyjas difuent or solvent. Preferred
hydrocar bon |iquids include both aliphatic and aronptic fluids such as

desul pHAPFUed Hoanathgstprefered embedimentathe pagdpreaddyy Rs Rerngd A prigprhie at least

i sobut epe, .M t 18X | , i 2

cyol onaigstr A AR Oali AP B RERB0F, PooREIEEand ASURKERE, K a4

r eact orfoirs at 3¢ ir Gambmbebd alipiediclfitstrad@with nige hdierob®ad beihg phdspieifuis Dahittugews t h
reactor cooling by reactor jackets or cooling coils to cool the contents of
the reactor, auto refrigeration, pre-g?'[led feeds, vaporization of liquid
medi um (di l uent, nononers 15 or sol ven % or conbi nations of all three.

Adi abatic reactors with pre-chilled feeds may al so be used. The reactor
tenperature al so depends on the catal yst used. In general, the reactor
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WO 2010/ 014344PCT/ US2009/ 049528 - A process for polynerizing one or nore

ol efins, preferably propylene, optionally in conbination w th anot her
ol ef i n coworrormarn434the process conpri sing contacti ng undecTfmskgomouiszat i on
conditions one or nore olefin nononers with a catal yst system conprising an
activator of formula (1) are defined above and are a separate aspect of the
5 present invention. Preferred netall ocenes for use in conbination with the
preferred activators of fornula (1) are al so disclosed above. Preferred

act i vataesr gfor¢ or aud-anqmberedhiiomabe Bpgeer mg Bisicodnasbd Bisediesaichiltshiigg via
process are diqglo%ed E@ig%anﬁye. Preferably, in this process the

ponneﬁP%gpyﬁﬁrﬂgﬂﬁﬂﬁj a5 h ghonngeneous) solution and at a tenperature

of at leest] abput a8Gréierd efeitmainter®f B'RPRESH] abRUINIRONEpyBliEnRAET erabl y
10of at |east about 120 C. The solvent may either be an'alﬁane, or it may
be t he ra¢tbylpmerigmapy Mmegthyldibgffoindoliniupr ecgsethyldihydrojsperdotiniign.one or nore
olefin ef er abl ropylene, .optionally. .in.conbi nation w.th.one or re
othet aPeFiTy chrBiii ey R BRbieBl Be chrinl L AT EE T 38 ety AR Gp® b B

pol ymerforak in@FoGodethilla® ($hioRh @reaséDiigondo e (MURARE Biclidbd whes adratuy:stl f) ib
system conprising a netal |l ocene and an activator of fornula (2) as defined
above, rafseiceithherii@ )My of the pol ymer formed increases with increasing
nononer —conversi on at a givwen reaction tenperaéﬁég. Preferred,activators of
fornul a| (2) ,ahd preferred ngtall pce e di s¢dshd herghhabdve. A
particu| ar(GHpyef errgd addi Jat or| oy f or nu ) i ~thi procesgs is

preferrpd teilalyl ocenes \n cdnbin (Hﬂghyjth|this prefefredsactivat or of
formul a| (2) are racdij/me gi is(i bﬁlﬁircon'un1 rmet hyl and
¥_ &fni wA' di et hyl , [rac- et hyl enyl

trinmethyla niun1te?$ i s ((pentff{l uor ophe ), borate ar 20
trimethyla niumte Qt;;j hept pf'l uor onap ﬁk) bora g\g;articularly
t

-dichlofid 1o c-di net hyl'si
bi s(i ndeny ?zﬁibo indi met hy —and rac- et hyl ¢nyl
bi s(i ndenyl) unmdi et hyl Also in this 25 process using

an actiwator of formula (2)Jpreflerably the polynerization is-€onducted in
solution (typically honbgeneous) and at a tenperature of at |east about 80
C to about 200 C, preferably of at |east about 100 C to about 180 C, nore

preferaply of ast aboul 12(0C. The sol venCH®y eithqq b n- or

i so- al kpne roit be the ol gfi such as propyl ene)“itself. Preferably,
t he nnnoné{jg We%érap%y/ﬁao yl ene)/ conversyen is froM30 5 tol 95% nore
preferaply]|fr o AB5% and t he

r preferqﬁﬂxggron1 to 50 %
convers| on(@giyg cal cul at ed|bas qgﬂ? t he aEbun\~on i
t he amolint jof fronomer| convert ed | ﬂélrea tor . Re

i's generald

wei ght % or (@blkk, 20/wei ght
total weight

poI%gerg_produced. Pol ymer Prodyct s 00123] The polyners
i nch'ude honopol yner and copol yners of ethyl ene and/ or_ propyl ene w

i th
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t he feed and
ncentration
e, such as 10
ased on the
noners and
oduced herein

optionall'y wt he ‘and/’dor ot’hér’ al pha i'n conmohoners ‘bein
present3, 4 G0524] 8. Theopdd yprefesable speci=ad, [4y 5t drecpnhopy | ene3, bhsed, oy BeyrsL0
produced with the 10 pol ynerization processes according t pr esent

. g to the
i nvent i BTGy lush RgOt Ak 4 At BIPEEN 8) SPRPROME (BICERTAR]Y tHTeg:8)Jk eisehhydrogen
i nveati C risi i wat.or,s~of, for aﬁg/ Y iigher
nEI??néﬂggﬂﬁ?glgiéﬂgaﬁﬁgh%r]§ﬁ7gh§%(%8ﬁyi Té%%?ep rggﬂgikégggépgﬁiggpl&b
pr oc es sabstitsted gindgpeunderitiyobglone at alors sulsyiatcatssschictet Heors alitegroapconsisting of a
t enper t¥re. See in this regard Figures 2a and 2b, and 3a and 3b. For

exanpl d12logeR #iges 6r Bhtw 3lkyIFCe e £g5 o3l Lrdofps arylakkyl, japd sttpdroedlipiayl t e 15
choi ce : t { Icl WeYall of
the aotaEhEmPEARIAElat TS} S of I (P BE S £ RELE L T Ao RE PRAPADR
poi nt afitrbgea. rlasupretongd paibpdencnacthe engs depictad de ticaformuleaabovanart sapertat oir e.

It | s evident that wth the catal yst system according. to.the invention,
whet&i Do Eh YU ot DrF Grahly go{ apmghc s ?ﬁmaéelzc the Jngroniainiag 156k

the resulting polynmer has higher Mv and a higher nelting point than with a
conpar abl e conventional 20 activator in conbination with the sane

met al | ocene conpound. The sane is also evident fromFigures 3a and 3b. As
expl ai ned above, w thout wi shing to be gound by this theory, it is believed
that the coordination strength of the'E Wi s base resulting fromthe

pr ot on- depl eted cationic conponent of the activator is of inportance and is
bal anced in order to achieve an optinmal effect. 25 [00125] The pol yners of



10 having the formula (1): [RIRZR3AH] " [Yr,(1) wherein [Yr is a

non- coordi nating anion (NCA), A is nitrogen or phosphorus, R and R2 are
hydr ocar byD 2grooupst4or het er oat om cont ai ni ng hydr ocar byl Pgraispe@oames2s oget her
15 forma first, 3- to 10-nenbered non-aromatic ring with A wherein any
nunber of adjacent ring nenbers nmay optionally nmenbers of at |east one
second, aromatic or aIiphatic ring or aliphatic and/or aromatic ring system
of two or nore rin wherein said at | east one second ring or ring system
i s fusd§hxb. gad dC )zsts ratrigomatiel whide éhan riagycoateammngf(Chhe tayser man/ ot bet

| east one second ring or ring systemis a carbon atomor a heteroatom and
may be sﬂ%‘%rtuted i ndependently by 20 one or nore substituents sel ected
from t HeosB|OUPTEOREiGETE REmPdnedt BY USRIV aklr OWhe 2bABEBd &iiMhe GrankBioklictal
alkyl, C5 to C15 aryl, C6 to C25 arylalkyl, and C6 to C25 alkylaryl, and R3
is a hmﬂwgeﬂd avifdospte @b rreforzod &ms;hecorm a Rautral Lgwds hase édaporncamieynd ithe
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is nit rdé@@[bed'ﬁbre@r%o%cd&@ﬁhﬁé%but&fo@ 1I@ev%ﬁlbl§@ﬁabe?'caﬂétﬂlllbe visplic&l Beihe®ladin 4,
5o0r 6, and R3is C1 to C5 al 3. The catalyst system of paragraph 1

or 2, \iAIKEd) fovthe frengimprRayiel., Wyvthwt VRghipgthbe beprndrisibisttheqiy o isdholievesk batp or
a substr of n t ent r
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C10 al kytlier t&achiovéhl tadhnlical affb@ad o0B padsent inPéiodl addryuifd, uobd fisle tchat)mgemat ed
Cl to C10 al kyl, halogenated C5 to C15 aryl, 30 halogenated C6 to C25

al k{@ aroprnolyneriasaplsanaribyhed easalgds agivyibakplugvipsandirdwigreinerina ravens
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4. The cahadryidh aaist afcin dtyrepdtiagpalghtersthdve Bgh Whensd/or hipd heldng ipbin@as

metal conmpound is a netallocene, preferably a dialkylsiladiylbis(indenyl)
met al | gleesibedwheioss detpihbelggtal is a group 4 metal and the indenyl is
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C2515r yd gilviy Ireacamd tdmpidpattine@ @Zﬁuﬁﬂa‘&yﬂ 1ﬁrE{gurealndVitﬂilethwtﬂwt(S@7§tBﬁlsIcSniﬂSﬁlSl@g a
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rac- di rEARYIPBERP) BPRPIHdetiA )‘h&@ viehat é«?ﬂnugr r(t)o%é@néhe glope of Mw versus
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a rac- Chol’@tnhyﬂgsanl adtivhios ﬁiht m@hds’tydceoﬂdd@mysl fpriala {ox ene) ousualty pmgmepeaof
racdi net hyl silyl bi s(2-nethyl-4-naphthylindenyl) hathocene or -zirconocene,
or a ra@“EFﬁ§Féﬁ9W“$9nBﬂ%ﬁ@ﬁﬁenyl) haf nocene or -zirconocene, wherein the
hat koc nd C S p d ch
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radrcahﬁe&ﬁmnsﬁmmumad)hyda@gew@yknmaﬂn@mmﬁgzh@h@ﬁmnbmhdnﬂdqpaheasdawnbai
substituted hal ocarbyl radicals, silylcarbyl radicals, substituted

si |yl caREn noamleHss prf‘g‘eﬁhlyr E%lrwpylﬁa% wih éﬂgft?r Muband ebithedsages fipec highs
radi cal f

met al | a‘ﬁeylt%f?% I}r?)?{r%ga r%(o(%:[aglrléncflrtl%ﬁg‘rv gfr}ndca[l’l)%gﬂFlaq]iglgtCatt?n R [ﬁ% 1%1 car Htuﬁ téog)linls%lﬁlo}é'bot h
t oget hexcticaorshs idunstiatedfin iFjgudésalactnidr2bais vadilyasen FigyassBa dndldé. cat al yst system
of any ofgpara raphs 1 tao 4, mherern t he trgnsrtron nmet al conpounf agd/or
t he2actiP¥3lor Emally amgicfisaton it oths orperssisp Bbrthe RigRsRliityeptien didhafse
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ol efins, conprising contacting tUnder po ynerrzatro condi'ti ons one or nore
ol efin d’rﬁmnﬁnmnmntdm Foopbadrys agylsd esadagic ticciang time awigh ofic panagr ajpfisreit to
5. 7.Lbe a_conp of formula (1) as defined.in any of paragraphs

2 as actee ast Jrsigg o tqclj%t?rgrlt PP FANPRBIS JOre |aﬁ“§§at@§t %C%dengs%?em%r(

pol yrmer jnga '(%bnc Fre Qi€ YrodHRh& PIVBDE Bd a bfohdlr 18’1‘% PRRR o RintPH MEBE éﬁttd}gg
one or nore ol efins, conprising contacting un ol ynerization conditions
one3®r ptﬂyoéefmsefaind rmmottmss bai tukedh mattailryrstpoéymtrerproperpes sian exdnrAasiN4 on
met al d. an acti.vator havi.ng the foll

[Yr, (z)mgtﬁzélpérrﬂh@wnr and, iRty GEFRRTAE HEY ARi A che%rlfbl tsow%f rtrrtﬁkg'éﬂr
phoSPhaEHs 9EA ACKY @ifhed belotv, %ahtcufaﬂyst Bid SREen erratagrgemﬂﬁae%hapgbaaresa& | f
A is oxygen, groups are "dentical or different and are a C1 to
C3 al kyl group, WO 2010/014344PCT/U82009/049528 wherein at a given
reaction tenperature the weight average, nol ecul ar wei ght (Mwv) of the

pol ymer formed increases or at |east does not substantially decrease with
i ncreasi ng nonomer conver si on. 9. The process of any of paragraphs 6 or
8, or the use of paragraph 7 mherern the one or 5 nmore oIefrns are
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30 GPC Method "C' - Gel Perneation Chromatography - Alliance 2000 DRI Only

[ 00135] This nethod used a Waters Al liance 2000 gel perneation

chr omat ogwaphicagui4pped with a Waters differential refraeComste9/osdsas

measures the difference between the refractive WO

2010/ 014344PCT/ US2009/ 049528 i ndex of the solvent and that of the sol vent

containing the fractionated polyner. The systemwas used at 145 C with

1,2,4-Trichl orobenzene (TCB) as the nobile phase that was stabilized with

- 250 ppatradis(bentsilucrerpphipybbgsite: SuiberaofBHTprdereolithigthe spnee ¢féest ana sriytue

m./ mn. Three (:Pol ner Laboratori es PLgeI .M xed-B col u used. This
feligitg papg negHs
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6812- 682vis BéNcGhayl 15 4dde@hporrat Bskcherein by reference. [00136] The
separation efficiency of the colum set was calibrated using a series of

nar r ow il NendGoordjs b i on pol ystyrene standards, which reflects

the gx d | ecul ight r e for sanples and t excl usion |imts of
the Soliiiser T R @hel KoM bRIRGRI s SRR FReBi s b GBS Rylohd ™7 om
Mo - 58Qn tfernhad00.280@2) Mer RonlsRedihAingenesa{eCANeT Qe hdi-addr@iRatil Mfon'The
pol ystyrene standards were obtained from Pol yner Laboratories (Anherst, M)
or an EBEANY ane ARIOB dhipic docsTaotaeenididatentoe theametabrstian oiciic qardyy |Bwhphdecsas
correct Yol h i br.ant to give G ak, posj tii e
e R A
the ret@pibloof vabiizigf Bt acaedcsllsdpycienehidhan damibd When fhHeumpauke and eak
position thus assigned was al so used to correct the flow rate 15 when
anal § ziasgvaiangr egmbingdr i prion must silhbe adEeppthalabieto beodisplpeed by ynpatatatash
roced al;j t] r retent] ted
By ccardior et oy R 7 snloe b ARy IS, PO 5
st andard th@ftehsitidnt me@l édthsoudldtad t6 edust @ ta f6:@¢ 0 Mduted] dehsifioh yi@dlicampound and
Pol ystyrene standards were graphed using Viscotec 3.0 software. Sanpl es

wer e arfalspsiabbyrdrofyciiioenie 2nies; Thiwe suitadhrNe S i dhoge sddehbarenad dsgpeigthioe
usi ng cal.i-bratl n A nti al i ' y
{50197 RRBARS et e B WP RIS dp B80S i1 AT B BlhmpduRl NEALY
gl as3 tusafus héderhave par dikeloed(cTg)in ERnA-0Mat008fant BER-AR027AN4 Wahey etk ned
using the foll ovvi,n% procedure accordjing to ASTM D3418-03. Differenti al
scanni i3 FOPHERFIOR ComE)cxXefatcampEisBeoBt Alurdidy 26f divppkylia rdigals cpvembys
nodel . i oyl Lghi i I - 4 re sea in
an ol U RRET Y Fnd SRERARES NEH A SRR YL TR o el SR b
gr adual doynphie i angduitaliey efeimpdreatbms 20 48 catboancatractallachtbotings and Boraddse sanpl e
was kept at 200 C for 5 mnutes then cooled down tg -90 C at g rate of 10
< mi nutl8038s or dheanigp sAMPEBAN [ - pdudssiBossyaviadis fapmia BY. QBbt whewin k isr st
and,se tithenmal.. ev rded.;. &

andad hafheEdG i 1 16T o B B HER® R0 000; 11527 HAREE clibidd o group,
The mel 13 sfghaRekiatiy Thblk lof Artklomeiitegrefeadbly Bsroh @palidturheind Quy iadglahdemid

during the second heating/cooli 2&; cycle. WD 2010/ 014344PCT/ US2009/ 049528
ConpnorferYédft e Afideqdo o1 3@ brifiged ediphsheaBde ohtlids: dfoxddqypainxidss opAressebyl,
copoly . 1.je i F : i 0 i hque.
PNEER i b e g DR o S R e R i R
C, was radigat egidoQ lzavidey kp no ElOresarb&petdmumithO@ protisartest m not more than one

spect rophot oneter. A ful] spectrumof the sample from600 cm 1l to 4000 cm 1
mgsfff e&%PEFé‘EPCSﬁ%i Q %éalécree@uhﬁ@é? thap @16 AoHgY iﬁ gp 'Hilﬁa cgptainingsgropp)- 1 Prgfrakine

area u & AhSRH e RARDAB 1l O o bOpbGORRE ok LRy Gaticl Rted.
The bars]%ﬁ:i r(#eﬁi nt{é(gfr zftclr&gh rané@ fhgg %he{grréeqt hyF{)aneor%%é&fonéé e\gﬁdﬁ?’ge%%og %zfl |y
f r om 69huocimmttdtaoyltgreupmiand muoe petfevebly cadlb Qanch péfBuamraied &gl giolnp. Examples of

pol ypr opyl ene._bapd .t he basel i ne and j ntegratjon ran is nompally from
1195 to@uzﬁa'gef%ﬂ@[%? ing u(ﬁ@ﬁ@pﬂw@ﬁ%u 3 ditee ficlpeebndks: Batl et atdhFSecor di ng
to the ihgkdiow g RANALEBI [FRRMYT GG ROBLIRD N &Il sPupr A3ubSBurcBGryA IR

+13. 696X2 v]\hergg&:%g%ﬁad? 1[)Eﬁal%j ’AR%IlS tﬁegr%t%gof Pfe area for °t %e B’e%i at
-1185 owhith tle ofeeoamesas edbstitvenseak idintieal3f diffeent ¥id ersscgcted1Bofndd 28Gup

Vi scosity was red. usj a Brookfield digital  yisc ter and unmber
27 spi w&%astahgcg gt sakete® Some halpge %éi@@@g@rﬁwma?&?m
col | eCtBmples el LMCIVTOOR,L SHRET 3hUr hcOr ph30fr ( (REnRYT POSES RirablithyRiAMES:
120C shall "be used) in a 5 mm probe using a Varian spectroneter w'th a
"Hydrogen 20 frequency of at |east 400 MHz. Data was recorded using a

maxi mum pul se wi dth of 45C, 8 seconds_?ﬁt_ween pul ses and signal averagi ng
120 transients. Spectral signals were integrated and the nunber of
unsaturation types per 1000 carbons was cal cul ated by nultiplying the

di fferent groups by 1000 and dividing the result by the total nunber of
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5 Boul der Scientific. Me2Ge(COH6) 2Hf Me2 was synt hesi zed as disclosed in the
art. [Ph3C][B(C6F5)4, [PhNMe2H [B(G OF7)4] and [Na][B(C OF7)4] were

pur chasedwbnomvi@aase Davi son. [ nBu3NH] [ B(C6F5) 4] and [ PirNivhREjopoB{GEEF5) 4]
wer e purchased from Al bemarl e. The individual syntheses of activators used
in the exanples are described in the follow ng: Trinethyl anmoni um

tetraki s(pentafl uorophenyl )borate 10 [00143] LiB(C6F5)4. Et20 (3.3 g, 4.3
mol ) was dissolved in 100 mM CH2Cl2 at anbient tenperature. Solid Me3NHCL
(0. 41 detrakigpentpilyorephenzldesatet o tHétml@%ré?c 3.419- ﬁﬁfﬂﬂmf@phqliyl@b@l’@t%ns oigtrkis0

t h ti df
Tough: apgonFRThyMRes) % IRl L o o WRelh S P hbeRGd
reducedeﬂratkls@@xﬂ@omqﬂlemwc@ataoI i d.andhe PrREAUGL3, mss(tdmu@fbmahmmu@ymwrat&

hour at 50 Cto yield 2.7 g of product. 1H NWR £CC12D2) 6 15 ppm 6.4 (br
s, 1H) Paptiararlyd, gpﬂ)refermeqi met hiY Bnmon#ram  tetrakis pentaﬂuorophenyl)borate and

ot i SR Akl YRS GrSRBAN ) DR kgl POLASL NARLRSOLORTIA) (2Bt %1

mTDI ) fsabstRut@uryd @bu d(ﬁlﬂflvﬂﬁ&h th%rmﬁfcﬁrtﬂdé@ subfiRudeagiel 1aanmap<bmlefems aﬁdl ltcer ed
over a glass frit and the |light yellow filtrate reduced in vacuo. The

pr oductse]ﬁﬁ'@ drane éhe growm consistisg 061C1 10 Chotlksl, Co tg Ced adyla 2 ialggen elgm, 96¢R@bly1. 6
8 j
R et hy W o bRy PO, ios%ﬁﬁgﬁt%afl%g?tg% @ﬁ )%:daﬁgglé ha?ﬁ%ﬂ jeg Co to Ca

N- Met hydllgyamygl ted nialsgehytdd oChl wr i(qe gkl epaupy hidmvhdieinr @ pacipraferadlyi ne
E(Zdrochl orination u5| ng HC1 (2 M Et20) 1n pentane. The resulti n? solid
pr oHlictroyiduormpateder a@ylps WA drirelgrably v apendailuqrendicayl pyhersafiupronaphiy!l ( 0035
g, 2.9 d% 'Z“%Itlssm ved in 150 m dichl oronet hane at room tenperature.
Solid L %%? 20 (2.2 g, 2.86 nmol) was added to the reaction m xture
i n porti0060] OVEl ady ehibodingmt diclosed AeRdyrisrelchdly @RC NN idThat WItedvaSborate

filtered through a glass frit to remove LiCl and the colorless filtrate
reduceoﬁni%’i)%lﬁ‘éla’flbn% [@(@6%)aﬂﬁ)ﬂe solid. The product was dried in vacuo for

12, hour%g%ﬂ] oF ﬁtsglgc P@Qﬁ&ﬂ&ﬁ%e%? %%ﬁ%@glq)a&n@l&&g@ \fvﬁh %ﬁy &éﬁon 1

N- Mes h}dompl’oha{tldﬁ itihd aumiv i bﬁiﬁrﬁﬁlhﬁ(pb af ()oK deBnabiphtinydoveoTiaise any Wehbination
2010/ 014344PCT/ US2009/ 049528 [001461C N- met hyl pyrrol i dj ni um hydrochl ori de
(0.50 @f preferpadpicpmpaaends ddi ved pisTered spmpprditol Bt tthARE a9t (ReWil] arc
tenmper %H&Sew@?d bé’dl'\ﬁﬁgée% agd%{fl@b[ie £n4t8§ %ce%eg'o k}es@@q 9&1‘&8‘? to the .
reaction rtions over Rt 63 hour “the reaction

m xt ur el’r\b‘&ﬁ‘raihothmiotp settle for an addl t| onal hour and then filtered
through a glass frit to renov ht 5 anber-colored filtrate was

r educed 00621y acBesfereedyacdivatoss t)%ﬁ)l’%‘i% G) 1fFH]ée ﬁ%téldafc%ysm @fr the Pressnty By gfiodn

addbé' %@8' J;g% @k 1%&1‘32}@9){1 Elﬁgéée %fy Lkb%' &fg@; ? d@hng ﬁ%rgot%os ]lel{‘gr'é‘%ﬁx( %DG)

85 1 311‘(rdigen4RIL|)1nd Bt ppottce dreGat( @Hyst groupiithsi seindl® 4, 5, or 6, and R is Cy, Cs, Cs,
rac- Di net hyl si |yl bi s(i nden (&)haf ni um,di met hyI/ tri rreth | anmoni um
t et r akiS(Pehs aﬂ%&ﬁéﬁmﬁ@ 1%’ Wbt w1th Ry seet Bkl SPRp e5a S{ﬂzf@i%@f} anyh g et 757
silca s ny 0 f I d
react egﬂllvbldtl ﬁﬁ)eSgne( 81?%1{6%%‘ Sa Sgnggaﬁ%%ég@%al A)clhflﬂe%g hlgc}le .Seﬁ%éan{ré@utyg%\ﬁ%
sti rr edohgistirlg? of cmlk’i;& hntyurs lmlo@nbatmt htlegpertat urye, aibblhabalkgirgloptonps,eshdon a
gl ass f“&ﬁ \{vasjped Wi %h hexane and 15 dried fj n vacuo The di Ii ed support
was2dbtAFIREERE B dapgt @Ogern@&e dr AL gmwr? orpbly yperflyprnaiertipyi SPUESIoLy

(2 0 g) r%%ﬁabﬁ’ Lﬂeh{a‘ﬂq lu%@ﬁaﬁl’%’ro I%Alg dof 2{%%1@63 lW:pf-gh CtP'ré’fgltan 4t %5’1607

I\/bta add d to re or 2
hour s afheatempqm rcbﬁﬂiutedt\aitly s$tansitien insxdl adoethonnd gswhassa frictallovash edl fmrrt fhe
t ol uene %s& dried in vacuo to yield 1.96 g supported catalyst. 20
Pol ynmer$? (hﬁc}h%prfsilgé@ep‘[lﬂn 1) - Batch Pol ynmerization of Propyl ene

[00149l[oaéﬁAL bl SR HbA TN ALGULEN oMl intn e DE¥ADGI.pas

added to a 1 L aut exanes at enperat ure
undad NR thupggmeRzadion peoeswa o tthaep‘remﬂdﬁdzehnyon/mieulmmazshemmasﬁursadtrégdmnas 3j ght

gl ass vmthlncrerretso The aut acl ave was heat tote ture,
21 T ovedh kBowRIb AT i9ntigdla ﬁ@etr%%t%xl st TP sHG & 1%@@@ i ing
catal ysf, Sysietp WRs sfoldRfef Rup; éﬁ&vhl‘éﬁttﬁéjoéé)&%b&”su%nﬁ&{té'alleqa&{if’caﬁ&d

activator n t ol uene solut|§%@§|a catal yst tube wth high pressure N

flush. The flush was repeated 2 tinmes. After polynerization was conplete
the autocl ave contents were cooled to 60n1tenperature and the excess
pressure safely vented. The contents were transferred into a gl ass
container and volatiles were renoved by a N2 purge. The polyner was dried
in a vacuumoven at 70 Cfor 2 to 3 30 hours WO

NN AT PN A ALY A AN T | 1 1SSl /M Ao F A AFEAT —— T Y N 1 T T Y 1



3* Trinmethyl ammoni um t et r aki s(pent af | uor ophenyl ) borate, [ Me3NH

[ B(C6F5) 4] 4 N-nethyl pyrrolidiniumtetrakis(pentafluorophenyl)borate

[ MePyr H wo2B(o@d#sE)4] 5 [H(CEt) 2] [ B(C6F5)4] 6 Di net hyl amcCrius2enio49528

t et raki s( hept af | uor onapht hyl ) borate*, [PhNMe2H ' [13 (C 10F7)4] 7*

Tri met hyl anmoni um t et r aki s( hept af | uor onapht hyl ) borate, [ Me3NH

[ B(CLOF7) 4] 8 N-nethyl pyrrolidiniumtetraki s(heptafl uoronapht hyl) borat e,
[MePyrH] ' [B(Cl10F7)4] 9 5 [00151] The results of the batch pol ymerization
runs ardffgicviesndont golettad Tigpl ts dreup ¢ansispag opplkyhard, a prlgeereatoms halpgcerags

results given |n Tables |a and |b, in partukcyl ar:; n 1 (comparative): A-1
run 2 (amhap AP R S wrag B by R psriOuholed "RE b oy 5
Tabl e Ilefeiptyah pOERIBENAGY A toesupPh@RY besierab Il nfAd0 otop Aehyd. GhdptiTlubtdapth i
Pol ymer yield g Metal conPI . mg Metal complex Mv Metal mol Activity gP1D/
mol mexraperflaorpbiphgnyl. 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 metal compound capable of catalyzing a reaction such as a

polymerization reaction, upon activation of an activator as described above is suitable for use in
15 the present invention. Transition 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 precursors) useful herein are generally 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 T - - \M/Xl

Y~ e X,
n\LZ/ \XZ or i’

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,¢ 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,;
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L; and L, are the same or different cyclopentadienyl, indenyl, tetrahydroindenyl or fluorenyl
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 linear 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 use of the term hafnocene is meant 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, indene 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. See, for example, 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
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Zirconocene Catalysts", Spaleck, W., et al, Organometallics 1994, 13, 954-963, and "ansa-
Zirconocene Polymerization Catalysts with Anneclated Ring Ligands-Effects on Catalytic
Activity and Polymer Chain Lengths", Brintzinger, H., et 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 Cy¢ alkyl, Cs to C;s 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 C; alkyl. Preferably, these
compounds are in the rac-form.
[0070] [lustrative, but not limiting examples of preferred stereospecific 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 phenylphenyl]indenyl;  2-n-butyl-4-[3',5'-di-phenylphenyl]indenyl;  2-sec-butyl-4-[3',5'-di-
phenylphenyl]indenyl; 2-tert-butyl-4-[3",5'-di-phenylphenyl]indenyl; and the like. Further
illustrative, but not limiting examples of preferred stercospecific metallocene compounds are the
racemic isomers of 9-silafluorenylbis(indenyl) metal dichloride, -diethyl or -dimethyl, wherein
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.
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[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) hafnocenes 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] [ustrative, but not limiting examples of preferred non-stercospecific metallocene
catalysts are: [dimethylsilanediyl(tetramethylcyclopentadienyl)-(cyclododecylamido)]metal

15 dihalide, [dimethylsilanediyl(tetramethylcyclopentadienyl)(t-butylamido) metal dihalide,
[dimethylsilanediyl(tetramethylcyclopentadienyl)(exo-2-norbornyl)Jmetal 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 is a bridged or unbridged
bis(substituted or unsubstituted indenyl) hafnium dialkyl 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 C; to Cy¢ alkyl, Cs to Cys

aryl, Cs to C,s arylalkyl, and Cs to C;s alkylaryl; more preferably dimethylsilylbis(indenyl)
metal dichloride or -dimethyl, ethylenylbis(indenyl) metal dichloride or -dimethyl,
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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
-(CHy),- 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 Cy, Cy, Cs, C4 or 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 C; 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-methylpyrrolidinium tetrakis(heptafluoronaphthyl)
borate. The metallocene is preferably rac-dimethylsilyl bis(indenyl)zirconium dichloride or -
dimethyl, rac-dimethylsilyl bis(indenyl)hafnium dichloride or -dimethyl, rac-cthylenyl
bis(indenyl)zirconium dichloride or -dimethyl or rac-ethylenyl bis(indenyl)hafnium dichloride
25  or-dimethyl.
[0077] In another embodiment, a preferred transition metal compound comprises a bis

indenyl compound represented by the formula:
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5

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, Rz, Ry, Rs, R, and R; 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 R4 are hydrogen.
In another preferred embodiment R; is hydrogen and Ry is C; to Cyq 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, R3, R4, Rs, Rg, and R7 are hydrogen and R,
is substituted or unsubstituted alkyl or substituted or unsubstituted aryl (preferably methyl). In
another preferred embodiment, R, R3, Rs, R, and R; are hydrogen and Ry is substituted or
unsubstituted alkyl or substituted or unsubstituted aryl (preferably methyl or phenyl).

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),AIR",, which is a
linear compound. Most common alumoxane is a mixture of the cyclic and linear compounds. In
5 the general alumoxane formula, R* is independently a C;-Cy alkyl radical, for example, methyl,
ethyl, propyl, butyl, pentyl, isomers thereof, and the like, and “n” is an integer from 1-50. More
preferably, R* is methyl and “n” is at least 4. Methyl alumoxane (MAO) as well as modified
MAQO, 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
10 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
reaction of any poisons that would otherwise react with the catalyst and deactivate it. Typical
15 aluminum or boron alkyl components useful as scavengers are represented by the general
formula R*JZ, where J is aluminum or boron, R* is a C-Cyg 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, 1), alkoxide (OR*) and the like. More
preferred aluminum alkyls include triethylaluminum, diethylaluminum chloride, ethylaluminium
20 dichloride, tri-iso-butylaluminum, tri-n-octylaluminum, tri-n-hexylaluminum,
trimethylaluminum and combinations thereof. Preferred boron alkyls include triethylboron.
Scavenging compounds may also be alumoxanes and modified alumoxanes including
methylalumoxane and modified methylalumoxane.

Method of Preparing Catalyst System

25 [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
hereinabove, for example 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,

30 McGraw-Hill, 1980. A useful synthesis for example is the reaction of a slight excess of HCI (as
an Et;0 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. See 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, see 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 is 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 materials are 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 (European 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 rnz/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 rnz/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 rnz/ 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 10004, 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. Likewise 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 modified
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 AIEt;, Al'Bus,
etc. Other reagents would include MMAQO, MAOQ, silanes containing Si-H, chloro-silanes of the

15 general formula R,SiCly, 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 modified 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 ethylidene norbornene monomers.

30  [0092] In one embodiment the process of this invention relates to the homopolymerization of
cthylene or the copolymerization of ethylene with at least one 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-pentene-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 C4 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 Cs to Cso prochiral alpha-olefins or Cs to Cso ring containing
olefins or combinations thereof capable of being polymerized by either stercospecific and non-
stercospecific 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 one or more hydrocarbyl
groups including but not limited to C; to Cjo 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
5 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, ecthylidene norbornene, cyclopentadiene, cyclopentene,
cyclohexene, cyclobutene, vinyladamantane and the like.
[0097] Preferred diolefin monomers useful in this invention include any hydrocarbon

10  structure, preferably C4 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 stercospecific or a non-
stereospecific catalyst(s). It is further preferred that the diolefin monomers be selected from
alpha, omega-diene monomers (i.e. di-vinyl monomers). More preferably, the diolefin
monomers are linear di-vinyl monomers, more preferably those containing from 4 to 30 carbon

15 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

20 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, ecthylidene norbornene, divinylbenzene, dicyclopentadiene or higher ring
containing diolefins with or without substituents at various ring positions.

25  [0098] In a preferred embodiment one or more dienes are present in the ethylene and/or
propylene-based 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

30 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 ethylene 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 1/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 propylene, either 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 ecthylene, 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 one 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 are added continuously to a single reactor or in series 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 more, or 150 ppm or

-29.



20,807 7,192 2.89 0.07 0.11 1.63 0.35 103.5 49.5 15.9 115. 7 A 8

20,795 7,628 2.73 0.04 0.08 0.99 0.41 57.2 44.7 22.7 96.1
WO 2010/014344 PCT/US2009/049528
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 means that the conversion can be increased in commercial reactors, e¢.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-dimethylgermylbisindenylhafnium
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 gaseous stream is withdrawn
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from the fluidized bed and recycled back into the reactor. Simultaneously, 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 Polyvmerization

[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, parallel, or combinations thereof. 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 Polvmerization

[00116] The catalyst systems described herein can be used advantageously in homogencous
solution processes. Generally this involves polymerization in a continuous reactor in which the
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
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
polymerization with reactor cooling by reactor jackets or cooling coils to cool the contents of the
reactor, auto refrigeration, pre-chilled feeds, vaporization of liquid medium (diluent, monomers
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
temperature may vary depending on catalyst choice. In series operation, the second reactor
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
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
(based on the entire reaction mixture) may be anywhere from very dilute 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
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.-



116. 4
103. 8

10

15

20

25

30

A 7 16555 5877 2.82 0.08 0.2 2.26 0.34 89.9 47.9 34.8
126. 4
WO 2010/014344 PCT/US2009/049528

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 Polvmerization 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%, alternately 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 propylene monomer is fed into the reactor, theoretically 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 one or more olefins, 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) are also disclosed above. Preferred activators of formula (1) and
preferred metallocenes for use in this process are disclosed hereinabove. 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 dimethyl and -dichloride, rac-dimethylsilyl
bis(indenyl) hafnium dimethyl, rac-ethylenyl 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 more, 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.

Polymer Products

[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
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 temperature. See 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
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
activator in combination with the same 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.

[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.

[00126] The polymers described herein generally have an Mw/Mn (polydispersity, PDI,
MWD) of between 1 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.

5 [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
10 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 even more preferably in the range from 0.910 g/cc to 0.940 g/cc, and more

preferably greater than 0.915 g/cc.

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

at least 80% propylene.

[00131] In another preferred embodiment the polymer produced, comprises 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
20 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 linear low density polyethylenes, elastomers, plastomers, high
25 density polyethylenes, low density polyethylenes, polypropylene 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
30 lamination, shrink film, cling film, stretch film, sealing films, oriented films. The films are
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 operations
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
in the form of bottles, tanks, large hollow articles, rigid food containers and toys, etc. Polymers
with low molecular 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
having the formula (1):

[R'R’R’AH] [YT, (1)
wherein [Y] is a non-coordinating anion (NCA),
A is nitrogen or phosphorus,
R' and R? are hydrocarbyl groups or heteroatom-containing hydrocarbyl groups and together
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
one or more substituents selected from the group consisting of a hydrogen atom, halogen atom,
Ci to Cyp alkyl, Cs to Cysaryl, Cs to Cys arylalkyl, and Cs to Cys alkylaryl, and
R’ is a hydrogen atom or C, to Cyg alkyl, or R is a C; to Cy¢ 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 arc a
~(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(R*)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 C alkyl, Cs to C;saryl,
a halogen atom, preferably fluorine, halogenated C; to Cjo alkyl, halogenated Cs to Cis aryl,
halogenated Cs to C,s 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 metal 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 Cj alkyl, Cs to C;s aryl, Cs to Cys arylalkyl, and
5 Ceto Cys alkylaryl, and the metallocene is more preferably selected from the group consisting of
a rac-dimethylgermylbis(indenyl)hafnocene or -zirconocene, a rac-dimethylsilyl bis(indenyl)
hafnocene or -zirconocene, a rac-dimethylsilyl bis(2-methyl-4-phenylindenyl) hafnocene 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) hafnocene or -zirconocene, wherein the hafnocene and zirconocene has at least two
leaving groups X; and X, which 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

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 1 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 defined 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):

[R.AH]" [YT, )
wherein [Y] is a non-coordinating anion (NCA),

30 A isnitrogen, 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
more olefins are alpha-olefins, and preferably propylene, optionally in combination with another
alpha-olefin.

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.

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

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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def 2hedisag 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 peaks were measured and used to determine the heat of fusion. The melting
and crystallization temperatures reported here were obtained during the second heating/cooling

cycle.
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[00158] As an inpurity scavenger, 250 ml of tri-n-octyl alum num (TNOA) (25
w % in hexane, Sigma Aldrich) was diluted in 22.83 kil ogram of isohexane.
The TNOA solution was stored in a 37.95liter cylinder under nitrogen

bl anket. The solution was used for all 'polynerization runs until about 90%
of consunption, and then a new batch was prepared. The feed rates of the
TNOA solution were adjusted in a range fromO (no scavenger) to 4 m per 15
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120 110 100 90 80 Metallocene 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.W0268/884Mv (kg/ nol ) 25.24 32.70 47.32 74.32 1PCTAG202/044508 nol )
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

[00142] Synthetic procedures involving air-sensitive compounds were performed in a
Vacuum Atmospheres drybox maintained under a N, atmosphere. Anhydrous solvents were
purchased from Aldrich and dried over 2 A sieves. Me;NHCI and N-Methylpyrrolidine were
purchased from Aldrich. Me,Si(CoHg)HfMe, and C,H4(CoHe),ZrMe, were purchased from

5 Boulder Scientific. Me,Ge(CoHg),HfMe, was synthesized as disclosed in the art.
[Ph;C][B(C¢Fs)4, [PhNMe,H][B(C1oF7)s] and [Na][B(CioF7)4] were purchased from Grace
Davison. [nBusNH][B(C¢Fs)4] and [PhNMe,H][B(CsFs)4] were purchased from Albemarle. The
individual syntheses of activators used in the examples are described in the following:
Trimethylammonium tetrakis(pentafluorophenyl)borate

10 [00143] LiB(CsFs)4.Et;O (3.3 g, 4.3 mmol) was dissolved in 100 ml CH,Cl, at ambient

temperature. Solid Me;NHCI (0.41 g, 4.3 mmol) was added to the reaction mixture in portions

over 10 minutes. The reaction mixture was stirred for 15 hours and was filtered tough a glass frit

with Celite to remove LiCL The colorless filtrate was reduced in vacuo to a white solid. The

product was dried in vacuo for 1 hour at 50 °C to yield 2.7 g of product. 'H NMR (CCLD,) &
15 ppm: 6.4 (brs, 1H), 2.97 (d, 9H).

Trimethylammonium tetrakis(heptafluoro-2-naphthyl)borate

[00144] NaB(2-CioF7)4 (2.2 g, 2.1 mmol) was dissolved in 100 ml CH,Cl, and reacted with

Me;sNHCI (0.20 g, 2.1 mmol) for 2 hours at ambient temperature. The reaction mixture 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). "H NMR (CCLD,) & ppm: 8.1 (very br s,
1H), 2.85 (d, 9H).

N-Methylpyrrolidinium tetrakis(pentafluorophenyl)borate

[00145] N-Methylpyrrolidinium hydrochloride was prepared from the respective amine by

hydrochlorination using HCI (2 M, Et,0) in pentane. The resulting solid product was filtered
25 and dried in vacuo. N-methylpyrrolidine. HCI (0.35 g, 2.9 mmol) was dissolved in 150 ml

dichloromethane at room temperature. Solid LiB(CsFs)4.Et,0 (2.2 g, 2.86 mmol) was added to

the reaction mixture in portions over 10 minutes. After 2 hours the reaction mixture was filtered

through a glass frit to remove LiCl and the colorless filtrate reduced in vacuo to yield a white

solid. The product was dried in vacuo for 12 hours to yield 1.9 g of product. '"H NMR (CCl,D,)
30 S ppm:7.55 (brs, 1 H),3.70 (m, 2 H), 2.95 (m, 2 H), 4.82 (d, 3 H). 2.0 to 2.25 (m, 4 H).

N-Methylpyrrolidinium tetrakis(heptafluoro-2-naphthyl)borate
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113.9 122.6 128.8 133.4 Tg (C) -12.2 -8.4 -8.5 Heat of fusion (J/g) 51.6
69.0 71.8 84.3 88.2 Viscosity @190 C (mPa. $) 534 1090 4210 24500 128300
Cat al yst wotzowiary34¢kg pol ymer/ g netal | ocene) 42.09 42. 2PCA0IS2®9B49522 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 yrmeri zation tenperature (C) 120 110 100 90 80 Metal | ocene feed rate
(ol / milA9148] 1 ENometby pprotidigiupEhgiroghlorEd 10.60 4oty mmol) was dissolved in 100 ml

dichloromethane at room temperature. Solid NaB(2-C;oF7)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] 'HNMR (CgDg) & 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(indenyl)hafnium 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 triethylaluminum (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 modified 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 Polymerization Example 1 (see Fig. 1) - Batch Polymerization of Propylene

[00149] TIBAL (triisobutylaluminum, Aldrich) (0.4 mL, 1.0 M in hexane) was added toa 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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Conversion (% 80.8 80.3 83.2 67.8 34.5 M1 (kg/nol) 10.01 15.75 20.66 25.36
28.46 Mv (kg/nol) 29.22 48.21 51.61 95.14 147.79 M (kg/nol) 54.58 91.20
94.39 173VDQ0R7A4341 g' vis 0.88 0.91 0.93 1.00 1.03 Tc ( GLTAB2M09M29508 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

[00150] The metallocenes and activators used in the batch experiments of Example 1 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(indenyl)hafnium dimethyl C
Activators:

Dimethylanilinium tetrakis(pentafluorophenyl)borate*, [PhNMe,H] [B(CsFs)4] I*
Trityl tetrakis(pentafluorophenyl)borate*, [(CsHs);C] - [B(C6Fs)a]” 2%
Tri(n)butylammonium tetrakis(pentafluorophenyl)borate*, [nBusNH] ~ [B(CsFs)] 3*
Trimethylammonium tetrakis(pentafluorophenyl)borate, [MesNH] "~ [B(CsFs)4]” 4
N-methylpyrrolidinium tetrakis(pentafluorophenyl)borate [MePyrH] * [B(CsFs)4]
[H(OEt),] [B(CeFs)a]”

Dimethylanilinium tetrakis(heptafluoronaphthyl)borate*, [PhNMe,H]  [B(C10F7)4]” 7*
Trimethylammonium tetrakis(heptafluoronaphthyl)borate, [Me:NH] ™ [B(C10F7)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, 1b, 2a, 2b
and 3. Figure 1 shows the results given in Tables 1a 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
Propvlenc Run | Run Polymer Metal [ Metal Motal PP/
Metallocene | Activator pylene, temp | time yield | compl. | complex
mLs o . mmol mmol
C | min g mg Mw
metal.

100 120 | 10 11.8 33 495.0 [0.00667  1770.0
100 120 | 20 11.3 6.6 495.0 [0.01333 | 847.5
100 120 | 20 19.3 6.6 495.0 [0.01333( 14475
100 120 | 20 3.85 6.6 495.0 [0.01333 | 288.8
100 120 | 20 11.5 6.6 495.0 [0.01333| 862.5
100 120 | 20 54 6.6 495.0 10.01333( 405.0
100 120 | 20 11.6 6.6 495.0 10.01333( 870.0

AP Al Ed s
wlw|o|o|=|—=[~
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WO 2010/ 014344PCT/ US2009/ 049528 Heat of fusion (J/g) 43.6 58.5 65.5 78.1
82.3 Viscosity @190 C (nmPa. $) 805 4105 5516 74830 345000 Catal yst activity
(kg pol ymeo/2g1omadail ocene) 37.70 37.47 38.82 31.64 16. 10CT/Nk009/049528

Propyl ene pol yneri zati on using di nethyl silyl bis(indenyl)hafnium di nethyl /
N, N- di net hyl aniliniumtetraki s(pentafl uorophenyl)borate (conparative)
Exanple # 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18 Pol yneri zation

tenperature (C) 130 120 110 100 90 80 70 60 tall ocene feed rate (no|/mn)
1. 9E- 0|6 1.8E-064 1.9E-0p 109E-0620L) 98 06 H.OE-|06.61.[9BDG (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 33 495.0 [0.00667 | 990.0

A 5 100 120 | 20 4.4 33 495.0 [0.00667| 660.0
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1. 9E- 06 Conversion (% 73.9 81.8 88.1 85.6 86.1 89.4 108.6 89.9 M (kg/ nol)
3.12 6.13 15.59 37.87 Mw (kg/nol) 10.25 16.35 32.35 79.08 M

(kg/ nol ) WO208W1428. 41 52.22 132.39 g'vis 1.09 0.95PCOAB200904838 Tc (C)
32.3 39.9

Table 1b:
: Mw | Mn |[Mw/| . : : o 1o |aH,|Conv.
Metallocene |Activator (/mol)|(g/mol)| Mn vinylenes| tri-sub |vinyls| vinylidenes (DOSCC) Ve | %
A 1 7,508 [ 3,943 | 1.9 0.07 0.06 | 1.58 1.89 70.8 23.4
A 1 8,169 | 3,451 |2.37 0.1 0.11 | 1.49 1.99 81.7 [27.7] 22.4
A 1 5,398 | 2,323 (2.32] 0.12 0.14 | 2.28 2.68 84.02116.6| 38.2
A 2 10,175] 4,648 |2.19] 0.12 0.29 | 1.21 1.55 98.1 139.8] 7.6
A 2 7,881 [ 3,781 [ 2.08 0.1 0.27 | 1.66 1.93 76.34 22.8
A 3 9,686 | 4,376 [2.21] 0.12 0.02 | 1.14 1.9 94.7 1 35 | 10.7
A 3 7,571 | 3,345 [2.26] 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 93.4 136.4| 9.1
A 4 10,867 4,775 | 2.28 | 0.08 0.14 | 1.13 1.71 100.6 [40.6] 25.9
A 5 15459 | 7067 | 2.2 0.08 0.05 | 1.07 1.15 104.2(60.3] 13.1
A 5 13520 | 6670 | 2 0.13 0.12 | 1.03 1.42 102.3(59.8] 8.7
Table 2a:
Metallocene | Activator ProI]gl?I:l:ne, tgrlrllg, t?r;llg, z?éﬁn;r cl\(j[g;i C(l)\r/[ne;?elex ?n/[gsi g?;;g;;?(])l
°C | min ’ mg Mw Metal.
A 6 100 120 | 20 1.3 8.0 495.0 |0.01616 80.4
A 6 100 120 | 20 6.33 8.0 495.0 |0.01616 391.7
A 7 100 120 | 20 10.36 3.3 495.0 [0.00673 [ 1540.0
A 7 100 120 | 20 8.05 3.3 495.0 [0.00673 [ 1196.6
A 8 100 120 | 20 11.44 3.3 495.0 [0.00673 [ 1700.5
A 8 100 120 | 20 3.84 3.3 495.0 | 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 3.3 495.0 | 0.00673 676.4
A 7 200 120 | 20 3.64 3.3 495.0 | 0.00673 541.1
A 7 200 120 | 20 35.1 3.3 495.0 [0.00673 | 5217.6
A 8 200 120 | 20 14.83 3.3 495.0 [0.00673 [ 2204.5
A 8 200 120 | 20 19.75 3.3 495.0 [0.00673 | 2935.8
A 8 200 120 | 20 26.81 3.3 495.0 [0.00673 | 3985.3
A 8 200 120 | 20 25.51 3.3 495.0 [0.00673 [ 3792.0
B 8 100 120 | 20 42.94 2.3 377.2 10.00610| 7042.2
B 8 100 120 | 20 49.94 2.3 377.2 10.00610| 8190.2
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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 44.5wvbanB/@84342 67.7 73.3 Viscosity @190 C (nPa. $) PaB/UB2@85/0895281 311
877 3660 31100 Catalyst activity (kg polymer/ g netall ocene) 10.95 12.13
13.05 12.68 12.75

C 1 100 120 | 20 7.02 3.6 539.3 10.00668 | 1051.6
C 1 100 120 | 20 2.93 3.6 539.3 10.00668 [ 438.9
C 4 100 120 | 20 3.14 3.6 539.3 10.00668 [ 470.4
C 4 100 120 | 20 4.46 3.6 539.3 10.00668 [ 668.1
Table 2b:
Metallocene|Activator| Mw | Mn | Mw/ |vinylenes| tri-sub |vinyls|vinylidenes| T, [ A H |Conv.
(g/mol)|(g/mol)| Mn (DSC) | Vg | o
°C
A 6 10,056 1,205 | 8.34 [ 0.17 0.15 | 1.49 3.4 97.8 (383 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 20,807| 7,192 | 2.89 | 0.07 0.11 | 1.63 0.35 103.5 |49.5]| 15.9
115.7
A 8 20,795| 7,628 | 2.73 | 0.04 0.08 | 0.99 0.41 57.2 (44.7( 22.7
96.1
110.1
A 8 20,947| 7,629 | 2.78 | 0.04 0.01 | 0.77 0.46 58.7 (43.2| 7.6
87.2
A 9 27408 | 14263 | 1.92 [ 0.02 0.07 | 1.05 0.39 105.1 |59.5| 14.6
A 9 28807 | 15701 | 1.83 [ 0.04 0.07 | 0.69 0.34 114.5 |152.9] 9.0
A 7 39768 | 19095 | 2.1 0.06 0.1 [0.52 0.47 18.1 [57.9( 3.6
103.9
116.4
A 7 16555 | 5877 | 2.82 | 0.08 0.2 |[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 [60.2 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
92.4
109.4
147.7
A 8 33364 | 16443 | 2.03 | 0.06 0.08 | 0.8 0.27 1114 | 67 | 26.5
A 8 3507115949 | 2.2 0.04 0.08 | 0.55 0.19 37.5 [60.4( 253
49.2
91.4
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13.24 16.08 13.31 5 Polynerization Exanple 3 (see Fins. 3a, 3b) -
Conti nuous Pol yneri zation of Propylene [00161] Exanple 3 denonstrates the
pol yrer i 280i2010/0af34pr opyl ene usi ng racdi et hyl si | yl bi s(i rd@&mskjospirse®ni um

di met hyl, see Figures 3a and 3b. The netal |l ocene was pre-activated with
Me3NH t etraki s(hept af | uoro-2-naphthyl) borate at a nolar ratio of about 1:1
in 10 toluene. The sane general polynerization procedure described above in
Exanpl e 2 was used, and detailed pgolynerization copnditions and sonme_of the
anal ytfical dat@a for paterjals proddced in these polynerizgtildi ¢xanpl es|are
listed 1n Tablje 5a. For all the pollynerization run | sohgxane feedfrate

3 A F ot o o 1 | s L o

N
>!

P el + o ot ol | aaaonh ;F eE)d

Cu atlt U jvwao L gl L] AUy UL 11T 1t Al 1 YU Tliilp L
> 839

30505 388rm Akt i lvB-3exlah®l es.3-Fablle 5b Iist

ano

was 80—+ propytene
rate was P 835F- 0% npPe)

1}

pol ymeri za i on| condi {56115 | 1243andt.sqme). whar agt eri.gat i onsgatja for 98.9
g rac- dijmethytsirytrpis(indenyt)[ VWO
2010/ 042344 PCH US2009/ 049 Q Zlrecaoniumdilnethvil nreactive wit h
14344PCTH US2009/ 049528 71 r cofi um-dinet hyll preactived with

A
1
pol yprjopytene produced Usin
2
¢

di met hyl arfi | i nj und t et 74K ﬁéb1éﬂBLOKﬁﬁéph@ﬁ?f)L%b'atéﬁat aloll 4952 pl3-D | of

abou'([j_ 1:1dn tpluenel gFabl echrl 334 | 0.02r gpybene. oo v}é@.@ﬂ zgtiogn Yisi.np 5.8
r ac- di rethytsitytbrstiogeny ) i santunrdirnethyt 3iNH

StetrakisChept f 1 Tior 1-992%% aﬁmﬁﬁ I2)4§l'nroa]r4p FQ§ ] | b0l 341k o KB pNl o
Pol ymeri zat i on| t efrper @8&fr ¢ 4282 | 230 |11013100 090 [8D3LCpnvETSI qnl(3%) (888 [l 8821
77.4 64.3 58.8 Tc (C) 51.057.7 77.189.8 96.3 Tm(C) 77.1 97.2 113.7 124.7

132.6 Tg () -18.6 -13.9 -10.9
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) Tc, °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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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 polyner/g netall ocene) 38.61 35.98
33.92 28.w6 28B)/0dF344Tabl e 5b. Propyl ene pol yneri zati on u®CmgIS2009/049528

rac-di met hyl si |l yl bi s(i ndenyl) zirconiumdinethyl /dinmeth Ianilinium
tetrakis he tafluorona hth 1 borate comarative Pol ynerization tenperature
( © 120 110 100 90 80 Cat (mol/m n) 7.835E-07 7.835E-07 7.835E-07
7.835E-07 7.835E-07 Propylene (g/mn) 14 14 14 14 14 Yield (g/mn) 11.1

11. 1 11SEC.15he) visgpngetaoinee highosmpotpturg vascgmetgr purchased from Viscotek Corporation

and comprising four capillaries arranged in a Wheatstone bridge configuration with two pressure
transducers. One transducer measures the total pressure drop across the detector, and the other,
positioned between the two sides of the bridge, measures a differential pressure. The viscometer
5 isinside the SEC oven, positioned after the DRI detector. The details of these detectors as well
as their calibrations have been described by, for example, T. Sun, P. Brant, R. R. Chance, and
W. W. Graessley, in Macromolecules, Volume 34, Number 19, 6812-6820, (2001), incorporated
herein by reference.
[00154] Solvent for the SEC experiment was prepared by adding 6 grams of butylated
10 hydroxy toluene (BHT) as an antioxidant to a 4 liter bottle of 1,2,4 trichlorobenzene (TCB)
(Aldrich Reagent grade) and waiting for the BHT to solubilize. The TCB mixture was then
filtered through a 0.7 micron glass pre-filter and subsequently through a 0.1 micron Teflon filter.
There was an additional online 0.7 micron glass pre-filter/0.22 micron Teflon filter assembly
between the high pressure pump and SEC columns. The TCB was then degassed with an online
15 degasser (Phenomenex, Model DG-4000) before entering the SEC. Polymer solutions were
prepared by placing dry polymer in a glass container, adding the desired amount of TCB, then
heating the mixture at 160°C with continuous agitation for about 2 hours. All quantities were
measured gravimetrically. The TCB densities used to express the polymer concentration in
mass/volume units were 1.463 g/ml at room temperature and 1.324 g/ml at 135°C. The injection
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:
25 g =I

m
where 1y is the intrinsic viscosity of the branched polymer and m; is the intrinsic viscosity of a

linear polymer of the same viscosity-averaged molecular weight (M,) as the branched polymer.
m = KM% K and a 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 0=0.705 were used. The SEC-

DRI-LS-VIS method obviates the need to correct for polydispersities, since the intrinsic
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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 Vi scweizdw/o@u90 C (nmPa. s) 41.7 103 245 538 1120 Catalusseovmedsesity (kg
polymer/g netal |l ocene) 34.75 34.80 34.66 34.71 34.14 10 Pol yneri zati on
Exanmpl e 4 - Continuous Pol ynerization of Ethylene/Propylene [00162]
Exanpl e 4 denmonstrates the pol ymerization of ethylene/propyl ene copol ymer
usi ng rac- dlnethyIS|Ibels(lndenyI) haf ni um di net hyl pre-activated with a
trimet hy:‘»cambmramdnﬁhpemp@w gy pfemgl@tf watsr opsaengd )%omdtved%i) chutieml splumesi ovhagh
about 1:1 % t ol ue

acoor aitgbly AR BuondiF BRuER wERHAED, Eriehl MRART 95000 Yofiiy g '
2010/ 01AapARSo HA0DBé Q4 Y28hme viscosity average rnolecular 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). Linear character for C11 and above monomers is confirmed by GPC
analysis using a MALLS detector. For example, for a copolymer of propylene, the NMR should
not indicate branching greater than that of the co-monomer (i.e. 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:
g = 2.Ciln.l,
" CKME
where C;j is the polymer concentration in the slice i in the polymer peak, and [n;], 1s the viscosity
of the branched polymer in slice 1 of the polymer peak, and M; is the weight averaged molecular
weight in slice 1 of the polymer peak measured by light scattering, K and a are as defined above.

20 Polymerization Example 2 (see Figs. 2a, 2b) - Continuous Polvmerization 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 equipped with a stirrer, a water
cooling/stcam heating clement 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 evidence of lower activity of
polymerization. Both the 3A and 5A molecular sieve columns were regenerated in-house under
30 nitrogen at a set temperature of 260 °C and 315 °C, respectively. The molecular sieve material
was purchased from Aldrich. Oxiclear column was regenerated in the original manufacture.
Ethylene was delivered as a gas solubilized in the chilled solvent/monomer mixture. The
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Pol ynmeri zati on of ethyl ene/ propyl ene copol ymers usi ng

rac-di net hyl silyl bi s(indenyl) hafniumdi nmethyl /trinmeth | amoniumtetrakis
ent af | uorwonhlern/d4iaer ate Exanple # 4-1 4-2 4-3 4-4 4-5 APETRsReopues2@ét i on
tenperature (C) 90 90 90 90 90 90 Propylene feed rate (g/mn) 14 14 14 14
14 14 Ethylene feed rate (SLPM 0.5 0.7 0.9 1.2 1.5 2 |Isohexane feed rate
(mM/mn) 80 80 80 80 80 80 Metal |l ocene feed rate (nmol/mn) 2.7E-07 2. 7E-07

2. 7E-07 2. 7E-07 2. 7E-07 2. 7E-07 Conversion (% 44.1 48.3 52 45.3
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
toluene. 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 line. 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 lined out by continuing operation of the system under the established condition for a
time period of at least five times of mean 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 demonstrates the polymerization of propylene using rac-
dimethylsilylbis(indenyl)hafnium dimethyl, see Figures 2a and 2b. The metallocene 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) Me3;NH tetrakis(heptafluoro-

2-naphthyl) borate. The detailed polymerization conditions and some of analytical data for
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46.1 45.8 M(kg/nol) 29.733 23.03 30.009 19.579 15.848 25.868 Mv (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 ™6.280401482. 828 MV Mh 3. 12 3.82 2.94 4.44 5.15 BCAAISQ009i0$9508 957
0.961 0.959 0.98 0.886 0.941 Tc (C) 31.46 14.52 11.05 Tm (C) 79.27 68.97
59. 44

materials produced in these polymerization examples are listed in Tables 4a to 4c. For all the
polymerizations, isohexane feed rate was 80 ml/min, propylene feed rate was 14 g/min.

Polymerization examples listed in Tables 4¢ are comparative.

Table 4a.
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 37.9
Mn (kg/mol) 10.49| 1485 22.19| 39.01| 63.83
Mw (kg/mol) 25.24| 32770 4732 7432 121.36
Mz (kg/mol) 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) 1049 113.9| 122.6| 128.8| 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| 40.95| 34.72| 23.88

Table 4b.
Propylene polymerization using dimethylsilylbis(indenyl)hafnium 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| 15.75| 20.66| 25.36| 28.46
Mw (kg/mol) 29.22| 48.21| 51.61| 95.14| 147.79
Mz (kg/mol) 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| 1162 130.2| 1376
Tg (°C) -10.4 -8.9 -8.9
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Tg (C) -22.07 -24.1 -26.65 -29.24 -32.02 -31.38 Heat of fusion (J/g) 36.05
27.15 13.05 Et hyl ene content (w % 12.35 12.7 15.24 20.51 27.51 20.7

Vi scosi t yw@Ron/@43mPa. $) 166000 140000 140000 170000 182000S2@00@328 SLPM =
standard liter per mnute. Polynerization Exanple 5 - Continuous

Pol yrmeri zation of Propylene 5 [00163] Exanple 5 denonstrates the

pol yneri zati on of propyl ene using rac-dinethylsilyl

bi s( 2- et hyl - 4- phenyl i ndenyl ) zirconiym di net hyl. The netal |l ocene was
pre-acﬂﬂmmbéﬂmmeWgNBBNH t et r aki s( pentlaf 14305 oph#hy|) bdbat e 78tl |a rzlAr
rati o ( ene. The sane ral LZa r ure
descri e a s ed, gg&ﬁ Al 'lyp lgrre?ll‘gabf BASSW

condi t |@ndyamdtm@n@(gqfol}tﬂw/@maﬂammema) dai7a’( or 34T er B&ISE | pridddgedlG.10 t hese
10 polynerization exanples are Tisted in Table 7. For all the

pol yneri zation runs, isohexane was used a solvent and the feed rate was 80
m/mn, propylene feed rate was 14 grﬂﬂa4cand the nmetal |l ocene feed rate was

4. 545E- 07 b 7. P | t
o oot sl Y TR G bR Gh R D P BRI N7 vean
tetrakis entafl ugqRetheBnidinRe AESkKI @@Hﬁhﬁo%pﬁé%l)@b?&te’s'(é’bn%&?fat@e?

Pol ynerization tenperature (C) 130

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

Tc (°C) 323 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] 118.0f 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 @ 190 °C (mPa.s) 43.1 85.3 131 311 877| 3660 31100

Catalyst activity

(kg polymer/

g metallocene) 10.95 12.13] 13.05 12.68 12.75 13.24] 16.08 13.31

Polvmerization Example 3 (see Figs. 3a, 3b) - Continuous Polvmerization 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 Me;NH tetrakis(heptafluoro-2-naphthyl) borate at a molar ratio of about 1:1 in
10  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
these polymerization examples are listed in Table 5a. For all the polymerization runs, isohexane
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

15 and some characterization data for polypropylene produced using rac-dimethylsilylbis(indenyl)
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Conversion (% 89.2 91 92 92.4 93.8 M (kg/nol) 3.9 5.6 8.5 12.2 16.2 Mv
(kg/mol) 11.5 17.2 26.5 39.9 63.2 WD 2010/ 014344PCT/ US2009/ 049528 M
(kg/ mol ) W@.20108848450. 2 77.6 135.8 g' vis 0.82 0.82 0. 81POTAB2@98®5IE ( C)
84.3 91.6 99.4 103.7 107.4 Tm (C) 122.3 129.5 137.3 143.2 149.1 Tg (O

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

5 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 77.4] 643 58.8
Tc (°C) 51.0 57.7 77.1]  89.8 96.3
Tm (°C) 77.1 972 113.7| 1247 132.6
Tg (°C) -18.6| -139| -10.9

Heat of fusion (J/g) 21.9 47.6 60.6| 79.8 85.5
Viscosity @190 C (cp) 65| 167.5 360 705 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
Tc (°C) 253 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) 263 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

10
Polvmerization Example 4 - Continuous Polvimerization of Ethvlene/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
15 runs were generally carried out according to the procedure described above for Example 2.

Table 6.
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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 polynmer/g netall ocene) 46.83 47.78
48. 30 48.\80 240/@A%344[ 00164] Addi ti onal batch propyl ene peCymseézasisons wer e
run according to the procedure in Exanple 1, except that 100 m s of

propyl ene were used, the run tenperature was 120C, and the run tinme was 20
m nutes. The data are reported in Table 7a and 7b. 5Tab| e 7a Exarrpl e MCN
Act Pol yner Metal Metal Metal Activity, Activity, I? ny
conpl exPaimervstiongERveae PRt lengPp bt VRtngRC- ﬂmeﬁwﬂﬁbrﬁ(@&n@i afmgm dlmethyl

/trimethylammonium tetrakis(pentafluorophenyl)borate

Example # 4-1 4-2 4-3 4-4 4-5 4-6
Polymerization temperature (°C) 90 90 90 90 90 90
Propylene feed rate (g/min) 14 14 14 14 14 14
Ethylene feed rate (SLPM) 0.5 0.7 0.9 1.2 1.5 2
Isohexane feed rate (ml/min) 80 80 80 80 80 80
Metallocene feed rate (mol/min) 2.7E-07 2.7E-07| 2.7E-07| 2.7E-07| 2.7E-07| 2.7E-07
Conversion (%) 44.1 48.3 52 453 46.1 45.8
Mn(kg/mol) 29.733 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) 79.27 68.97 59.44

Tg (°C) -22.07 -24.1 -26.65| -29.24) -32.02) -31.38
Heat of fusion (J/g) 36.05 27.15 13.05

Ethylene content (wt %) 12.35 12.7 15.24 20.51 27.51 20.7
Viscosity @190 °C (mPa.s) 166000,  140000( 140000, 170000, 184000[ 260000

SLPM = standard liter per minute.

Polvmerization Example 5 - Continuous Polvmerization of Propvlene

5 [00163] Example 5 demonstrates the polymerization of propylene using rac-dimethylsilyl
bis(2-methyl-4-phenylindenyl) zirconium dimethyl. The metallocene was pre-activated with
Me;NH tetrakis(pentafluorophenyl) 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 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.

Table 7. Polymerization of propylene using rac-dimethylsilyl bis(2-methyl-4-phenylindenyl)
zirconium dimethyl/MesNH 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) 3.9 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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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 C 7 11.12 3.6 539.3 0.00668
1665.8 16W0 20Mabka47b Ex Mv (g/nol) M (g/ nol) Mwv Mh vi mgirarse@9osdsstib
vinyls vinylidenes A H (J/g) Conversion (% 7-1 4790

Mz (kg/mol) 22.0 33.0 50.2 77.6 | 1358
g'vis 0.82 0.82 0.81 0.83 0.83
Te (°C) 84.3 91.6 9941 103.7| 1074
Tm (°C) 1223 | 1295 137.3| 1432 | 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) | 46.83 | 47.78 | 4830 | 4851 | 49.25

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

run time was 20 minutes. The data are 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 23 377.2 10.00610| 5636.7 56.4
7-2 B 7 49.45 23 377.2 |0.00610| 8109.8 81.1
7-3 C 7 12.27 3.6 539.3 10.00668| 1838.1 18.4
7-4 C 7 11.12 3.6 539.3 |0.00668| 1665.8 16.7
Table 7b
Ex | Mw Mn |Mw/Mn | vinylenes | trisub | vinyls | vinylidenes | A H, |Conversio
(¢/mol) | (&/moD) (Jig) | n(%)
7-1 4790 1098 4.4 0.32 0.36 | 1.03 4.19 68.1
7-2 4992 1157 431 0.26 0.31 | 1.02 3.82 97.9
7-3 | 17498 | 8052 2.2 0.01 0.01 | 1.69 0.39 64.5 243
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 herein are incorporated by reference herein, including any

priority documents and/or testing procedures to the extent they are not inconsistent with this
10 text. Asis 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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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. 08W0.248/0482 72.5 22.0 Melting point for the polPgmarS2009/0¥9528 was 108
C. [00165] Al documents described herein are incorporated by reference
herein, including any priority docunents and/or testing procedures to the
extent they are not inconsistent with this 10 text. As is apparent fromthe
foregoin eneral description and the specific enbodi nents, while forns of
t he inﬁégéﬁﬂﬁ have been illustrated and descri bed, various nodifications
can be qe @ﬁthogt.departing fromthe spirit and scope of the invention.
Accordi%%?ﬁf {sz “hot intended that the invention be linited thereby. WO

2010/ 014344 RCTALISZ068(caAORZF s Vinsitihahctabcdsh@uiBdnd 8h adtivAtdrathdlaysiator
system conprising a transition nmetal conpound and an activator, the
act i vathevingghe fgmuke(lormul a (1): 5[ RIRRZRBAH ' [Yr, (1)
5 [R'R’R’AH] [YT, (1)
wherein [Y] is a non-coordinating anion (NCA),
A is nitrogen or phosphorus,
R' and R? are hydrocarbyl groups or heteroatom-containing hydrocarbyl groups and together
form a first, 3- to 10-membered non-aromatic ring with A, wherein any number of adjacent ring
10 members may optionally be 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 one or more substituents selected from the group consisting of a hydrogen
15 atom, halogen atom, C; to Cyg alkyl, Cs to C;s aryl, Cs to Cys arylalkyl, and Cs to C,s 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.

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

3. The catalyst system of claim 1 or 2, wherein [Y] is [B(R*).], with R* being an
unsubstituted aryl group or a substituted aryl group, of which the one or more substituents are

25 identical or different and are selected from the group consisting of C; to Cyg alkyl, Cs to C;s aryl,
a halogen atom, preferably fluorine, halogenated C; to Cjo alkyl, halogenated Cs to Cis aryl,
halogenated C4 to C,s alkylaryl, and halogenated Cs to Cs arylalkyl groups, and wherein R is
preferably perfluorinated aryl, more preferably pentafluorophenyl, heptafluoronaphthyl or
perfluorobiphenyl.

30
4. The catalyst system of any claims 1 to 3, wherein the transition metal 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
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wherein [Yr is a non-coordinating anion (NCA), Ais nitrogen or phosphorus,
Rl and R2 are hydrocarbyl groups or heteroatonm containing hydrocar byl
groups amsiotopdtiin forma first, 3- to 10-nenbered nonPararsatmoo49sesig Wt h
A, wherein any nunber of adjacent ring 10 nenbers nmay optionally be nenbers
of at |east one second, aromatic or aliphatic ring or aliphatic and/or
aromatic ring systemof two or nore rings, wherein said at |east one second
ring or ring systemis fused to said first ring, and wherein any atom of
the fi rtbt gm@/@nmattng efa%halga@ gewoRd t¢ Cingalbyl, s r'f@csmle froite Cas emtablod. ardom
or ah St i tuted i.nde
aubot 1 tianie: Sy BRI s RTiRR Gl b Re RERER GEBHCA At P Sulo SRS g of
hal ogemn @dcodﬁne@ylgdﬁmﬂb@s(ﬁlh&)’ﬂl)ha%cét& Gl 5ziddonbeerfeP at ﬁtc@ﬁeﬂh?béll?\l sisindeyd) C6
to C25 al kylaryl, and R3 is a hydrogen atom or Cl to C10 a or RBis a
C 1 to hafigerg Ryl @W@nmmpatfh%rﬂlf@%h)%@btlsblt@-@%thﬂl 4-ph@tyhmiwl)ah@fn@¢en? Prsai d
at asf cong r st st o] aim
V\ﬁ 1r081r11%elﬁ§, %I ?ar dqulgthy[:iﬂly nt%s(%ﬁe%t@yml{tﬁe%y?)aﬁgﬁmg&(ecpé 21r§g ocgﬂn ?I %{E

ogen re
bEI ng 3d1méthyﬁll9r bfs(2- ﬁi&thym naphfBylindéy(oharthédehe 0r3~21rIdSlﬁ)06ﬁ’é air)@ tra@yﬁly%ﬁypf
claiml1 or 2, wherein [Yr is [BZR4)4I with R4 belng an unsubstit uted aryl
group &ls(w@aﬂéhaﬁlete@@ O&rgircogpesiig, Wherciphe hatpecnsmad grrcomsicenas st iqasieinos

are 25 G f e t 0 S g of

20 52 AR i 0%, TSSO, ARSI DBoRECREAISATHIR

hal ogensidestaByl t eadichl, alstsbshtutétal mgie@@tﬂ&;d Cidit4s,Chalozaitlyl haicaBenattsdiutdl t o

C25 aIkyIaryI and han%enated to C25 ar¥lalkyl roups, and wherein R4
]‘-

i s BY efliglogaity! pehealyofly altbéfhf?’aifl%ﬁlls sHovtguted sHdeabyl radicatsa ruprenbdpicals,
hept af | i y efp-pf, any
cl ai ns ?%Pg&%ﬁ%g%ﬁrmé{? énar e (P?%%;b?tb?gﬁﬁ i Joﬁ%d a‘l’id(t);éﬁ fogﬁlghyr?z lgfﬁgoene,

pr ef er ahttyll®ydliealngydoatdidiag Yok st(dundemtbautrmtoatﬂdnmas, arvetteionethbiecateicadn | s
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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 claims 6 or 8, or the use of claim 7, wherein the one or more
olefins are alpha-olefins, and preferably propylene, optionally in combination with another

alpha-olefin.

10.  The process of any of claims 6, 8 or 9, or the use of any of claims 7 or 9, wherein the
activator is a combination of at least two different compounds of formula (1) as defined in any

of claims 1 to 5 and/or formula (2) as defined in claim 8.

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 claim 11, 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, a rac-dimethylsilyl
bis(2-methyl-4-phenylindenyl) hafnocene 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) hafnocene or -zirconocene, wherein the
hafnocene and zirconocene has at least two leaving groups X; and X, which are as defined in

claim 4.

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