W020101014344PCT1US20091049528 Title: Catal yst System and Process for

A efin Polynerization Inventors: Donna J. Crow her, Peijun Jiang, Ceorge
Rodriguez PRIORITY CLAIM 5 [0001] This application clains priority to USSN
12/ 184, 713 fi WE3VR(EEst 1, 2008 and EP 08163326.5, fil edCAGHEY049TS 2008.
Field of the Invention [0002] This invention relates to a new catal yst
systemthat includes a transition netal conpound and an activator, the
activator conprising a non-coordinating anion and a cyclic 10 cation. The
invention agfR; @kdfseSystcth RUPERSKES iofin RNNMEBLiA Ng ol ef i ns using such and
rel ated catalyst systens. The invention further relates to the polyners
produced thhu&v_tﬂa&iéosadkgﬁowﬁa Pefun Free) GepegptBadrEuez0003] A ef i n

pol ymeri zation catal ysts are of great use in industry. Hence there is
interest in fi nding new catal yst systens, including catalyst activators
that i ncreaw;ﬁEﬂMri zation 15 activity of the catalyst and allow the
producti an @hoRO! YR aapﬂ@d\{i'oﬂglaﬁgﬁ?ﬂidcrf(tft@ﬁ@ﬁ@ﬁﬁ)l@ﬁ?lﬁﬁ'@@ 23801 9R00BIN IR
poi nt and hi gh nol ecul’ar wel ght. [0004] Catal ysts for olefin polynerization
are often bede264. ned Abgweheéd8s cat al yst precursors, which are activated
either wt hg; I f. an al unoxane, or with an activator containing a
non- coor di EFlgﬁ%fmIBV&.tm O [O0005]EP-A-0 277 004 is one of the first
docunent s di08® osiTgs potntivericlzis iton ot adtyizstssygonphitsingigde dirgas@pn metal

net al | ocene u hat. I tiy I tian w : Yo etl ONI C
conponent CCS%%% %g %3111 %tgﬁ%térégi%d%c\r@%t?ﬂ%&y rrlllblglg%( [}\?%Zk)owéﬁnr%ugg %ggﬁr)\tg %?5 ccg%lllcon.
The NCA 1Ds,caben. flhe invaetidnaats, relo@p &bprecestes serglolyiniczizing otcfies mwitg sneh et febuddc

catal yst spegi.es, . . oli i ! | r.di s to the
metal cent ecr%&gﬁ%*ytﬂﬁrﬁ% @{a%ﬁﬁ%’gm& @g*eégeée}(g tgmg%ﬁﬁgﬁgoaﬁlg&ﬁg&%g&?ncor por at ed

i nto the pdBackproundhaf the IMeatiget i vat ors di scl osed are ion pairs of an

anmoni um or sp Lum,cation an bar nion._as. NCA.. T ions
i sol osed. dYERE e B i A 0B bR BB ek s IO RBBLbG"S .2
004 st at es findatg ddee cadpyt bgates, baseligf citdigst activaras drat ¢atrdaen thehpinkrbaion

Coor di ndt o EoPns e Sl e A dbb e APt Bl Tt e

rel ativel y Highl deyitiB0potro apdiggli molkevarsvdidises t o avoi d coordination to and thus
interferin ith the active catalyst. [0006] 1/ 02012 di.scl oses the

ol yrrer 1 2add B or REGREVR' SHER S Rratar 25 S AP RTEEREN S ey

pol yet hyl eneccusomngwaichreirahdtveed eltae twitathorhegysf anpluwbedne] or vtk aacictivadror

WO 2010/ 014344PCT/ US2009/.049528. conpri ses an NCA and an amoni um cati on.
oyclic, nofHPBREdi"e™ BRI ons are not discl osed. [0007] M A

G ardel b@, [000S] Eirpend Lh.do4 iSoey of eadirsk. dbcurhdarskdisdldsing. polyeriZitem caBOGts
1995, 117, 12114- 1212?, rreal%orrt on thed %epartati of cati .g}ni C .

pol yrer i zat®PBRICH By 5P GRS CHRRAT E‘éﬁ‘é“’é%ﬁ%&ﬂ%&%o,“% YUY ol ypes
of acti vat @b@porchCdodrifigy BRbhydoditamganen (NMAB) aand chNait-caton ODhgIOC ASs, oht i S

suggested that, .althou t he in focus in activator choice is on the NCA
the choi ce "§5foneHgn ﬁ?ﬁgEVHQ*ngﬁﬁf %ﬁ?%?C?ﬁ?Fdﬁ”ﬁﬁ&“ﬁ??b%Hé”ﬁ%ﬁBE?%RP? as
certai n amongswaRl ocdrdithaiemt@l tdaer ARl &lub @aeBe dBplkiddrbyan chohdrig tdivdl ni sh
its catglytic activity |n accordapce wth this suggestion.is another

i ndi ngoal SEOREPITERE hePaARE ChriPT DG fg @ef RETOR R AL RBENER o0 an
ex ogelnf)us @ﬁ?}y@m@?ﬁ at®dh gAd & beaRtahipn de e @ESESTHE: RetioMVd 9 lode b @repityy Bi&ir?;orpnhﬂﬂuct
as we as the polynerizatjon activity. [0008] EP-A-0 630 910 teaches the
use of fred™IOIUE HaBlesPhopugbRoFist f%fhé-oaéﬁ 8‘?4 yaiet Het e ??“b‘é?ty‘ﬁ%?q SBiton
cat al ysts. abi®ios chiasesoddne al deuf@COmPaifs whith Blahatnesoltion aad alhjchigct@agt i on
conpletely. However, the termnation is reversible upon additjaon of

al unoxane. 4951en¥ \FOPERESIOGHE (MGE ¢GUh e Eiipr it desusgeyiest 1) uﬂeofeéﬂédwﬁ%und,
a Lew s3doasenj@ie [aRisau¥nX anid cooltifition B3d KLY iniddtie ahves tHehalvelch@lyst.

met al | ocene cation-Lew s base conplex is inactive for olefin polynerization
because t h&%8pkfi WG 10U dsdwecBrpabaerizaipn ohbigh iy snasiosemplgrulirpyeight

coor di nati Qrduiich AIWDI§oRBhMene T4 4MaSIoRASESIvHDE Gy sBhe wiRFRN Gie QLIRS ,

am nes, ethers or phosphines. 100091Despite the earlier teachings in the
art as reported above, several authors and patent 20 applications teach the
separate addition of an am ne base to the system conprising the netall ocene
conpound, the cation/NCA activator and, optionally, an organoal um num
conpound. See for exanple U S. 5,817,590, and E. A. Sangi nov, A N. Panin,

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

48(2), 99-106. [0010]U. S. 5,416,177 discloses the use of netall ocene
conmpounds in conmbination 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 polynerization

o T . S



[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 olefins, es eC|aIIy propyl ene, wherein the 25 resultin ol yners have a
hi gh mol ecul alQ@1%Mt*4and/ or a high melting point. |deal IGHUSUAOS: al yst
system shoul d al so exhlblt hi gh catal ytic 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 pol ymer ba@hmBeLdrelCASInd 85 PAGbAIYa @S0 RYLIRN Bon-Wbinelt PERGRES cands atal yst
30 systemal ] gw raising olefin conversion rates, w thout substantially

| oweri ng t héseicdcul ar wei ght of the resulting polyner t hus maki ng
commer ci al  mobymer vizatdiaae. Ry, 0SS5 es, ORL eSi8hfah& T8 arks WO. Am. Chem. Soc. 1995,
2010/014344PCT/U82009/049528 Summary of the Invention [0018]This |nvent|on
rel ates to al’cat@dlyst!2dy se8rh b ikEPAGLen 1of aff&Phif oip bt igttioB oSl AU an
activators, mbRiaehd W@ﬁn@%ﬁd@@aﬁ&% @%Wh@lvﬁt@% inb IRk BRA lalunfo¥hnd (MA@)
wherein [Yl is a non-coor |nat|n9 ani on A'is nitrogen or phosphorus,
R and R2 ai¥ Wydiceoamsyt lgs sieges eérth%efthé?%tt EiB AR Hi 498V Hgrrheleaistopithe
groups and NegetHehoit@smMmaathink $t the Ictivafdr %Qloa&ﬂ@eaqg%daen&@o@grn@ rg@tcé@mr hiigedM th
A, wherein any nunber of adjacent ring nmenbers may optionally be nenbers of
at | east on@ukesriinatcdp Siverdqidiopme stjiopad fhes finigsiofs cEBIyAR Resivéyi le sageetapee
aromati C riRgh 8YSuerB@n it W uRk ﬁﬁmﬁgal(d f&g&-ted"iﬂ &1 drfic1S AlHiknaL 1HaP@S hreQihge S€CONd
ring or ring systemis fused to said fifrst ring, and wherein any atom of
the firdf afdy<egenars jnangbasepignifiesgndenesies the M ?fgthgp@mmr@duat gsardon thet om
or a heter oahpmanbnIByvilge substituted independently by one or nore
substituents selected fromthe group consisting of a hydrogen atom hal ogen
atom C1 td0898% albRN;0 @8 HB teg®s dhose olheq beva Basay swloantkqi Ithe sfivitos Ctlfzﬁnc:25
al kyl aryl, p’]o!l_’yn%?gatl%% &ﬁalfstéqwg%gbcgtéam qr chstxS’z Witk ca%l R3 rdafti

to Co alky ene ?roup that connects to said first ring an F: sal

| east one sWEWHELy.iHRyveser Hicrigmyyesivens rvoBibE] dree addideent dlnmveamm ‘Bhre adbtgm

rel ates ;50 BcRIOF RS0 AFisdR QYR L AL QS QR A R 5248 fah @ﬁlmoxan%%m' $69
contacting under polymerization conditions one or nore ol efin nononers,

pref erabl y YPopyliceise, thefi the ancedlpeshy seatieyEewim boppednlerg i ingetinsi for orcfivet al
conpound a t

[0020] Equall Y f Ra B FEukR R o KA TRt i R SRS R B Kt
formul a (1)sitast thiehptaledhalovebdses uecat ampsg otésrs,tagmcsoﬁhetsne pb@lpbﬂml zation of
one or fi I I, 0 [

metal compalhal | OB ShAD e RERRY (B AS Rl B vty BB AT AL,
ponnerpQ|n@pbﬂenarwmmrécakaﬁMn§Md®5na&mmrwsmngx@@mtamibngmumdmmnmngthc

pol yneri zat d o] o] o] th a.cat | yst

Syt om comaeEaRC kiR DS, ol Gty TR OE el | . sf bl

fol I owi ng feompaing. §e2)for xRPIAM]S.[SY417,62), amdlEnAelsmng[mm AN RamorS. b daradevakikh,ng
ani on (NCA)y 0 h or, nis 3if Ais
nitrogen of Mﬁgrde’ Odf‘ EIIEJO 109§c1encgr‘%§g~fggﬁ%6) 48(83(}59‘?86
20101014344ﬂUWlUSZ@GQi@HQBZBmMandsﬂhebgbﬁumgﬂaxacemnmnmdscahxﬂmmﬂoﬁb@ment
and are, rou e the i ver age ol ecul ar i ght
(My) of 2§ hggm bRttt B iR ARERGL Dol R, ML QNG ENRY SRR rFl?OﬁP‘?{\e
decr ease vmsmdm ds rwarteeaeﬂcorhglbnmmomm Qﬁmnmr sndmxxalbs dorghy pelymeéationoer olefins, in
tenperature, 2] The pre tlon pol yrer

obt ai nabl e” %)t/lLLgnzl llcfxel%ehglm“%r Cdttaly bgbyd ST E)berddcgiésg@%gﬁbeof Descri ption of
t he Drawi ng®11] 002\82} Bi/gaired, wmmmmmmcgmo moeroagﬁmrﬂﬁceﬁub(ammtgm ufeghnol )

versus propylene conve rsio ultin on iin. a Ien

pol ymer i zat%?”gn POLEET TS it cO e(ﬁﬂ%t%dccb(éat%iwb vﬁngpép(éta K& nefjﬁfé‘lﬁ%t F“p 'bfmTﬁ%c 'C
with rai dmmgdﬂy&cmtahrymgomm pekenylch ab @t nolennddaaelt vy lindakd addONGAL f @ietarly
cati onl NCA acglvators both according to the present invention as well as
conparatlvg de Exanple |I. [0024] Fi gure 2a shows Mwv versus reaction

t enper at ur ¢@00(g) oW bedg@sSubhich@ POAYIBYstdnt SnfHriOPY a8 ez ROhYAEE icd@bd @
reaction with rac-dinmethyl silylbis(indenyl) hafnium dinethyl,

tetraki s(pentafl uorophenyl )borate and tetraki s(heptafl uoronaphthyl)borate
and two different 15 counter-cations, t+24ethyl amonium (according to the
present invention) and di nethylanilinium (conparative), see Exanple 2.

[ 0025] Figure 2b shows nelting point (C) of the resulting polynmer versus
reaction tenperature (C) in a propylene polynerization reaction with
rac-di net hyl sil yl bi s(i ndenyl) hafni um di net hyl

t et raki s(pent af | uorophenyl ) borate and tetraki s(heptafl uoronapht hyl ) borate



20 and two different counter-cations, trinethyl amonium (according to the
present invention) and dinethylanilinium (conparative), see al so Exanple 2.
[ 0026] Fi gure 3a shows the viscosity of the resulting pol nmeasur ed at
190C ver sus r &¥8H1%8 3¢ enmperature (C) in a propyl ene pol ngﬁﬁﬁ%wmﬁﬁmreactlon
wi th rac- dinethylsilylbis(indenyl) zirconium dinethyl,

t et raki s( hept af | uor onapht hyl ) borate and two 25 different count er-cati ons,
trimet hyl anmoni um (according to the dimethylanilinium (conparative), see

al lso Exarrpl @r&cra@l@@ﬂz}tﬁlo@w‘ﬁ aBDcVﬁheaim ﬁBpr!l)ﬂﬂgm@QhWbtn(aQ} Dic dchieatsieis ulﬁt@mg

pol ynmer erature in a propyl ene polynerization reaction wt

rac- di net hyP i 571 aaiogc’ff W&&H)}??b&?‘i‘c%‘ﬁli‘ eﬁﬁC@fwwﬂuorophenyl)borate The catton 15 an

t et r aki s( hephabhiuarcamaphichyb ) Bodalienadtuch W ehtibhedreblscl 6@@ rwtlefenpa& h@Rgen 30
trimet hyl anmoni.um (according . to the present invention)

di met hyl ani PtPﬁuluF?ﬁ“(OédﬂB‘af“ﬁf“ﬁ%‘)‘“" eigihers e theseatkyl growps dffl)‘é%‘f‘l‘ln Fi gures 2a,
2b, 3a, andjods)" MeRO 433036 70REIRS pva@a%&%%ﬁ&&ﬁ%ﬁmk&s&oﬁa%%&%& with
Definitions 00291For t he purposes of this invention, ‘catal yst systent

i s a combi ndiipRolRCrPRqeraEhest PRI ReicylrAY me&ﬂ&%éﬁ%t%é%bﬁ%ﬁn highly\Actie t he
active cat a&a%ﬁerlzal&aﬁawe Ly iBYRbE! Eﬂn@%o §ehslipr Bseptadiventd Al L8 REEof
corrprl ses at least a transition netal conpound %al so referred to herein as
5 " precat al §stmmrum cgfioglapd ¢ Nirb et Fopunpoetbeied i PIEeIREABET Abe Feiuigal in

meani ng and;beiife Mﬁl%gmhﬂtc@tﬁ&lh@@&‘?e%{%h)fl)onﬁ%rc%@n %ﬁJyl mta%alkﬁ”rl?ecﬂld:)(@st alsS
al so sonetines referred to as a "co-cat al again, these three terns are

al | i denfi carilimtypeanidiglossdde ar @ Usse(f‘ﬂﬁtlé? énawg@iablrw It7iR elsgcgaidy Hiap the
activates thesdANShdy Bn T8ihalyihQIREMAG, anqoe?avfﬁ:réxﬁmblfes buBedstiSns of such
catalytically active form For exanple, an activator converts a neutral

met al | oceneﬂoéwﬁwdm*ﬁjmilcmo its cationic form 10 which is the catalytically
active specigfy WisiHert REerlREMof GRERLY Sleludy-SBEH di Sa1US@d skRcARS §YtRGis Bof
catal yst/activator pair before activation, It refers to the unactivated

cat al yst (iHwdroxyperatcphieipnst 28 et} Ansbws Herr Zioppeoan Catebistyat atton\Wrews..t 08, t er m
s used |50 AGAGNT B8 isAROAY §H/ 136N 108D @Ro0e ALHELaAGLLWEL LAN: “debndif.er s
to the activated catal'yst and the charge-balancing ani on derived fromthe
activator dratdydséinteharcgeataydpretimgiondiaeippmatiel ablidhly Acbedlafatic Faplyld
gener at ed qntl Yno %&M&)@@%zgeﬁ@ﬁggg while it is being contacted with the
reactants (1 the case o merization reaction the nononers). Usually,
catal ysts dﬂ%l%omﬁmeuabtllya oq%efdenelmls ahtbr s;lh‘fvppednwrnqunetafmtr systofns hedng gdod
conmpounds ( C ) and
conmer ci al tht rfg; %?ggtﬁyﬁltcﬁﬁlmﬁf @gﬁ%l El%%&?gp%(&)wr‘fg i e ccltﬂ gﬁﬂ cf% }6’%&8 érb&tho t he
non- act M)/ataediug(nl m@ting paut high nahgulst azbilget)s oméd albﬂcmeqoevetm ghhatt détbridvatggt o he

converted t tiy e o] ct t t
nononer s tdgeplf%gltlﬁg%g%ﬁlf%%?pf Ocp%lﬁlreegcg Jéu {/rsTl) IIOE{}% ﬁﬁglnﬁﬁgﬂ{)g&l E]nc MJaf é‘g%‘% an
act ual corrpos\letamrpfqgneqmraedgmtbmdbdnem mangéduiapmeigbt aI conpound and the
activator r tiv ,
count er - ani onld;n 1 gdé efelq%ﬁa OgCCt °§r%‘éen‘?§‘%gtnﬁ9%“ﬁ§¥ %rgﬁg%n% foﬁe“é% REL d?t,
such as a fsyeen Ecewse;mbasec)ess for therpob/herltampnnﬁbleﬁns' kspbé'laltquraalerme,ngherem the
separately, nS| tion netal ound an th C at or i ned
V\,henever% nee hﬁg pgd/c g ?(avf # %h mfgc S0°¢€ glolrl ¢ 1 arcginélpm or d(%eg[ WB
wth eit hercat’aliye ‘tthamISb]hbllldmlSKlei‘(aibItClDpr(OMaidU@BCtchE Ladem (‘painIIEneOrpobmdm,zatlon
addi ti onal C[Tﬁonent s that are conventionally used in polynerization
reactions, ‘SUCH &s scavengi ng conpounds etc. Finally, the conponents of the
cat al yst symlern m&y; alea id’t&ijccsﬁpae’ aeﬁhym@arnupmtontrdnyde d)ﬁo@ﬂgmﬂratoedly@nyaemol i d
SUDPO”’ S0 i apr ?rp{ymel eL“l pelaﬁ rog Ihlhvro sﬂgdth
typically acfdlé%l nto r"éc"ﬁ P8 PS In%ﬁe "2 at5°6R by 8 scgve JING it Aty

(poi son3 t kgtenwalibwd I‘G)ltslh@l’deSlECd’n@a@bn whitd) witeuc atbaiaytsdllyalndezde;ae]m Melb@il art)

Sone scave§g§%§ ga% § act. as %tlva ors, and . H ‘ﬁ % a S0 be referred
to as co-acti®at’ors feﬁ\“ B2 EPThr BPS HRYB e LS P LRI THEY BREHT s
activator kfficehder to forman active catal yst.

W02010/ 014344PCT/ US2009/ 049528 [0031] For the purposes of this invention, it
i s understood that whenever a polyner is referred to as "conprising” an
olefin or other nononer, the olefin present in the polyner is the

pol ynmeri zed formof the olefin or other nononer, respectively. Mvrefers to
t he wei ght average nol ecul ar weight, M to the nunber average nol ecul ar

wei ght and Mz to the Z-average 5 nol ecul ar weight. Al nol ecul ar wei ghts
are g/ nol unless otherwi se noted. A "reactor" as referred to herein is
understood to be any container(s) in which a chem cal reaction occurs. As
used herein, Me is methyl, Et is ethyl t-Bu and tBu are tertiary butyl,

n- Bu and nBu are n- butyI I Pr and Pr are |sopropyl cy i s cycl ohexyl, THF

o o Y v o " - v



WO 2010/ 014344PCT/ 1JS2009/ 049528 may i ncl ude phenyl, naphthyl, fluorcnyl,

i ndenyl, biphenyl, diphenylether, tolyl, cunyt, xylyl, and benzophenone,
anong others. Unl ess specified ot herw se herein, the term "

speci fically MOAPUWHEEH hose having from5 to 30, preferdﬁﬂ?ﬁ?%8HPSmto 25
nore preferably fromb5 to 20, and nore preferably from5 to 15 carbon
atons, alternately the aryl may have 6 to 15 5 carbon atons or may have 5
or 6 carbon atonms. "Substituted aryl" refers to aryl as just described in
whi ch one OBuiiffia y Jimdé Dgedhtigt ons to any carbon arc, independently of each
ot her, replﬁ@Eg one or . nore groups such as aIk% subst.ituted al ky

cycl oal kyl sti Tt BHRPRITHAPKIN @ CHRYE PHEJETBHITRYE @ teipien i bgpmpotind
heterocycloaﬁkmbmuhaﬁQgﬁ&uva&kmbMau@g@ﬁmmqmph as hydroxyl -, phosphi no-,

al koxy-, aryloxy-, amno-, thip- and bot h saturated and unsaturated 10
cyclic hydrocarbons which ar 8RBTt blkhe aromatic(Ping(s), Iinked

coval ent lsy Qhaahmkp@dh@naoﬁgmmp@agﬁg@mcgych as a nethylene or ethyl ene

noi ety. The linking group may al so be a carbonyl such as in cycl ohexyl
phenyl ket oftds NitFpeenEPRASPIFYS] " al so i ncl udes aromatic groups containi ng one
or nore het gl gat RMBre WSHEBBRA JRbupl 8YBNeroAINIBRainRRASRRLHR Rbups Whil Weether
Non-limting exanpl es of such hetero-atom containing aromati c groups are
furanyl, thjosp Hé"'ﬁw 3- 1 E0-pymparchyan; arpaticaingtvithi Avvdhaiza 4y nupphpreps tliggent ring
benzof ur anyhemyy aziy WptionaRy Ml Theh i of RYIhHBEE Bitond, CAORAZ A dhphaticl mgowl
carbazolél oxazolé, thi azolyl, and the |ike. [0037] The term "ri ng ysten1
refers tl8 aHphyicsnepi %?m@aﬁmgﬁa&t%ﬁf P 08 MOFHHES-CVISFRHY i A Gt sccpidigng t hat
are fused tg sRcHsahhersd @ ssihargding! £ WRAREin OB TRl A8 GAVAL sRL Y
linked to each ofher or that are |inked via a conmon |inking group, such as
an al kyl enesgidupner 20 gasyielesos 20N CURT atnf rigtegradh 28dicrrvade ¢y s .

One or nor gn@fetddgiaby BRAL &oér'oq{)s@ﬂfueﬁ{s%@@&tbcp bmNES oRhp LHRiskihHIr S W 28:%&&1”3)/
al so contain one or nore heteroatons, such as nltrogig@ oxygen, osphor us

or sul fur. #¢fy hsfosegomy §ipRAti tkdney OrCiazsht iocCx P ﬁﬂ@ﬁé“¥€ngmgygﬂen1
nmay be ng%kH%PKQQuQMgQPQmQBIﬁF%Q?9&9HR§1§Q@PCP@(§ MM%uw%MQ%Rh&E&ﬁQa@!ky
cycl oal kyl, substituted cycl oa , heterocycl oal kyl,” substituted
heterocycld&ﬂﬁ?ﬁImﬁﬁmﬁgéﬁsm%MRV$ﬁaPQ§@W1”@uﬁﬁma§wﬁﬁlhydroxyl , phosphi no-,
al koxy-, aryghxy- mnaFdas invkRlod alba@gat Ohoft RACW B (i ABRHNRBLHRBLERANC | ©
hydrocarbons or the aromatic or hat i'c ring ¥ he ring system the
above- pr oviaerites apeitings ufidsy pbaﬂl}drl’zflt@ndco‘@ltm$ Onﬁe@jarHMmgbquime m@uwbefls, of
carbon ato I f r t
venti on doraniraHiefE i kb SHEh RIS (R el coi B EE
atom t hdf iastiyséarof &f famglpdbias defined abaveuct ure. By this definition, a benzyl
group has c t r vlest ix ring
ar oup =S S0P 1 C LI AR PR PRI SF MEROE,ELPRIRS (PLE 11
-NQ @, whalkénadagbhvoih Qlatdpd sg@en dori thel eplemdagatiby of edceat mete foladims.t refegbloup

consi sting r.o Y e | kyl, WO
2010/01434£%%¥?é%ﬁb%%ggﬂ§g§§hnﬂé %ﬁ‘?&gsu stltuted cycl oal kyl

het er ocycl d@2ty/1 , Tbubstmkmﬁmﬁwheﬁemmnyﬁb@&hky%fb@mﬂW?“smmsmcbume@cmﬁmt
het er oakyl , e et r | kQx ar y and _conpi nations
t her eof 2y Det 1%? 193&; @Esaéglll I|1C%n ‘&3@ niYiisuofbné%n ﬁ%“r)lreroé%l UGS Wi @

cat al yst S)@stabstswst@mpmngxmggal trammxsntm@n avetpalindc antpauadivated omheattilbwazor of
formul a (1 pother aspect, the present invention also relates to a
process of 6“1 éer|2|ng one or nore ol efin nononers using a catalyst system
conprising a tran5|t|on nmet al HQHﬁﬁuﬁﬂ and an act®wvator of fornmula (1) or
(2). The co gg@abgg t&%r %m /st tens according to the present

i nvention a he po ﬁ%rlza 03 process of the 10 present

i nventi &h a\nenulnegm plhnephdnrs onmx;%eniet ai I herein bel ow. Activators and

Actlvatlon Inapr g ¥§ qp gdgA [00404The transition netal
conpounds are act T vared Y& "YPe e e Cat'alyi ¢ty active, cationic
transition nmetal conpound having a vacant coordination site to which a
nononer will coordinate and then be inserted into the grow ng pol yner
chain. In the process for polynerizing 15 ol efins according to the present
i nvention, an activator of the foll ow ngt general fornulae (1) or (2) is
used to activate the transition nmetal conpound: Fornula (1) is:[R RZR3A11]
[Ya(l) wherein [Y]- is a non-coordinating anion (NCA) as further
illustrated below, A is nitrogen or phosphorus, 20 Rl and R2 are

hydr ocar byl groups or heteroatom contai ning hydrocarbyl groups and together
forma first, 3- to 10-nenbered non-aromatic ring with A wherein any
nunber of adjacent ring nenbers may optionally be nenbers of at |east one
second aronatlc or allphatlc rlng or allphatlc and/or aronatlc rlng system

Y g, o - oy




[0045] I n the polymerization process of the present invention an activator
of above- depicted for mula (2) nmay be used, wherein the cationic conponent
has the fornul a I—3|_] wherein: A is nitrogen, phosphorus or oxygen, n is
3if Ais nit?S Hm’d *bhosphorus, and nis 2 if Ais oxyde ﬁs%{'@/oéﬁﬁ t he
groups R are identical or different and are a C& to C3 al kyl group. [RAH
may thus be an ammoni um phosphoni um or oxoni um conponent, as A may be

ni trogen, phosphorus or oxygen. WD 2010/014344PCT/ US2009/ 049528 [0046]In
one preferred ﬁﬁ@ﬂﬁibs‘fﬁﬁtc ﬂﬁntfc@ll‘d]‘uihf&r{nlﬁ’édrd] arg d/C IitS Miatkly Dgep, avheRhoBp RIS,
and thus nis 3, d u nti More prefera nis 3,
and the grodF&eR 13?[’][ ¢ Wgalétnwﬁ‘glol?ytﬁ E( er B‘E‘WI m8“rea%? Pyt g?%djﬁ? Wbr e
pr ef eL abl K buRstdtlatly i Id?m éalSd WEEE hlVI}e;wﬂgﬂmddmeﬂd’om erﬁﬁoaﬁ%@mh ueraa:udnrtb@péwluammnl um
or -phospho i (Iso- pyl ) ammonj um or - phosphoni um

tri(n- propyﬂ))ﬂgﬁ:m tgRnt eﬁﬁﬂ&hﬁowﬁﬂmﬁ? ﬁe%Oﬁwcaﬁ%Hﬁawmysanﬁa%fﬂh%ab% y
preferred. HddscitAbfoctssesan oxoni um conpound (with n being 2), it is
preferably the oxoni um deri vatl ve of dinethyl ether, diethyl ether,

t et r ahydr of £s 47] I n anot her enbodi nent, an activator of
above- depi cfoags|f or puikra ( Lnoivs wsed h\rériggemglghﬂifebv’e%ﬁlt i(@MhoPr Q&8RS pRh Mee
present inventiaon, the cationic conponent of whi has the 10 for rrur

| R2RBAFI f - , CORMEFER A Kej resulfing rolansr &t agsﬁwgbﬂ%P‘eixmefrzfﬂ%{hwmna:ﬁédwé rbateaT byI
groups or hetserpat RAh&RLALN T MY O VL0 CRALIIME L ALBURFinddT )t RERLACHimb @Y MR
first, 3- to_ 10-nmenbered non-aromatic ring W|th A,  wherein any nunber,

pref er abll y FifferentoRidNCA geffvatrs, Poth @ccoprinecio phesiraseninyentioss vl % apEpEHtver i ng
nenber s naybe@@mrﬁm@ily be nmenbers of at | east one second, aromatic or
aliphatic ring or aliphatic and/or aronmtic ring system of two or nore
rings, wher @P%‘lsaleg%{f 23 ghosts M vpiyes @@é@ﬁépnrncwglrfbf O phthc sppattisapplymeiged t o
said first phngnecapsyMBesHgbl 2aYioRt @M OfacuRSufyisiStoisBREMON @atfmb&a%tm&m

second ring or ring systemis a carbon atomor a heteroatom and

i ndependent PykbércsitBudPRigrdiorye and orakivbcataBumsanaphthiehogts @P@dﬁéddlffﬁlﬁm t he
group caBsi@hhiBGca@hnsatr Mq{ypaﬂﬁ%nﬁﬁ@{ftcogﬁb%lﬁ% AL mxggm(gcrg d@(ﬂﬂl@!hwéhlhmum
preferably C to C5 al Eé to Cl5 ar preferably to Cl0 ary C6 to
C25 aryl al KgPmpastigeloset Al 24| kylaryl, and R3 is a hydrogen atom 20 or C1
to CLO al kybogj a rGhid 0CHwal kA& S0t f REE LS ring
and/ or sai of I eaFC%Ursecon ri ngl[%n%?\ ngltg I)st g{cn %lnnlggg%éyh& S,QIIR% %‘Eéog | so
be heter oatt@rmf@urg Cql oy @g@ﬁ@thhd@@mww@rww%emh wrﬂua@thylﬁglmwlﬂmyé)r byl
groups, the,gq.h %ikon f at
Teast one cuniih UBlTE THEkE oAb RaY B Ao ARG bl

het er oag®nmsng itwo gidfdicn| emnepcaypns, @mﬂlyé@nrmmm@émr@ngiﬁmthe oseygemveNiony agen i s
a preferre al N y be contai ned once or several
tinmes in sg%ﬁé?)?gg%&?rﬁﬂghgﬁ%%g{)qgéa% at ﬂﬁ)lee?;t one second ring or ring
system Any0®@ti t iFoaved 3deltoas dbe vingosity ef theabiultingipoyope measvead r1@PUT abbus be
substituted.j p Yod hydrog m yl 00 4_] One
preferred g?%g%?ng%ﬂ%% r%(hg %)atlh%n m‘grpfgﬁérﬁ%l apo? (':quaa Cﬁedgﬁo Wlt{‘ e
follow ng fdgnfrthorlaly(bb)(fndcny )\Br @Oy @1174:3}434P®Wal§©21©@@f)1®4c95@8h}ﬂ)b0n‘am rarudl atw(ol)

Rt and R2 he CGHR), e th

5 or 6, an 9%%” &)u g?‘%ﬁ?b ni tefh&'ldgr{mogﬁgl a(ld&&ldﬁ d%%qéér)l atom cl)an%[&O%lt) &10

aI kyI or Rﬁn@ﬂsylanl@umbtomb@raa\l’ekwb@cﬂ@l“gqampbt3t hat connects to the ring formed

A, peci fi n al ene_gr.ou with 1,
2 or 3 car m7§2 omgﬂm?%h”%?‘? c”%rllt%negb ?gr&nﬁgs f;ﬁ? |r§sgu(?t {'6r Oiﬁgm%r YR ﬁgcqémand
A R, R2 amdicoturKRI°(rayn almsapylec a:nazmeomtloxaea:lukryIvemeragmonmlsylsllﬁlbmmdbnm
ﬁr ?]; grgg‘ﬁl )a/.t ]:g?n mng[dgrB%@]ﬁPtet klb@lﬁ[’l}tdﬂuo'l&)na% tl?yq)rborac alaAi(%wotdlgf?r)emngouV\d[er lpdué)n
and Rl 3hd tREcthdgendrenm drceording 1to l:lm @b onycalis an@ﬂlmctlgdmﬂmmas(combkw\en e
group) mtgcc%lsg ng 1%,3 4, 5 or 6, or Rl and R2 may al so be aza- or
oxa- al kyl ene” gr oupspas rrentl oned above. RI and R2 preferably forma 4, 5-
, 6- or 7- 1@2RenbérEgyrenn2igBanimd Be"VieXds mintekhyt.he nitrogen atom A
Non-limting exanples of such ring are piperidinium pytTolidinium
pi perazi nium indolinium isoindolinium imdazolidinium norpholinium
pyrazoliniumetc. The additional substitiuent at A, R3, is in any of these
cases preferably Cl to C5 alkyl, nore preferably Cl1 to C4 al kyl, even nore
preferably C1 to O alkyl, and nore preferably nethyl or ethyl. R3 may al so
be a C1 to C5 al kyl ene group, preferably a & 15 to &4 al kyl ene group, nore
preferably a Cl1 to C3 al kylene group and nore preferably a -(CH2) 3-,
-(CH2)2 or -CH2- group that connects to the first ring containing RI, R2
and A and/or the at | east second ring or ring systemfused to the first
ring. Thus [R IR2R3AH] can aI so forma trlcycllc structure, for exarrple
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H\3 (CH,), (CH,H(CHy / IR (CHO 10 wherein each x is 0, 1 or 2, yis
3, 4, 5 6, 7, 8 9, or 10, (preferably 3, 4, 5 or 6), vis 1, 2, 3, 4, 5,
6, or 7 (preferably 0, 1,2 or 3), zis 1, 2, 3, 4, 5, 6, or 7 referably

0, 1,2 or 3),%’&’6%49#&: 3, 4, 5. 6, 7, 8, 9, or 10 (pr AGIERINYRF+7=3 " 4,
5o0or 6), mis 1l 2, 3, 4, 5 6, 7, 8, 9 or 10 (preferably 1, 2, 3, or 4), A

is nitrogen or phosphorus (preferably nitrogen), R3is a hydrogen 15 atom
or G to Co alkyl, R* is a Cl to C10 al kyl, where any of the (CH groups
may be substkﬁmh@@ i ndependently, by one or nore substituents sel ected
fromthe greﬁg oup consi sting of a hal ogen atom Cl to €10 alkyl, C5 tg Cl5
aryl, 06 tol¥%2Y ar‘fﬂréll‘%%rpo“%‘tf teg Htvantezsd afshERIem” iy a%ltlwéron ehtidlreaent |
at | east on@nqa‘onédasemﬁtcwmg FRUAS, b®videPhALad Byaldt NRlet9at §FemPyrefepalRhy
nitrogen. In a preferred enbodi nent, the rings depicted in the fornul ae
Above are sdttiar ERFreSire somprAE Palchy B TadtY eﬁtébconwarndaﬁaéo peferet qoieFihet
aromati c.5 Algr@anRately: cahg@t Brbdigkof O el tho RGm§ S identical in meaning and being used
W02010/ 014344PCT. U82009/ 49528 (CH), and (CH) 7 is not aromatic, while the
Fing contai MCHGRESIRLY)and apaghivaior ) 2HBEIopE ake apmetinees rflonskio Tha “eoatdtdm c
conponent O(fafgalmeth@bet M2t ©fms WRem ra@[nk@rcrneﬁtemghaﬁdheetLrs@mﬁt&&%gésewl The
conpound, donate its proton and thus becone a neutral Lew s base
(donor) conis§tiHer, activeesstha dpyitan mesl conpaurds ansk v ettt it HHO fits sapbHenlly acitomi ¢
component s fRAFTH oAk, LIRS Ak |Ie5E LRAINS! iRy &1 QLA Rak  but
not irreversibly as they can still be displaced the ol efin nmononer) to
the tran8itVeeh webasatalxcplhorativeprshicngVies t temufrrér WSS it Fredfgydesribejag

bel i eved t h@rarﬁt/mlve&qﬁnheroveeﬂvﬁroa GPEks RARS @Hda%reegaerﬁg (P@Wh@?&@éa‘#dlﬂ@)t i ng
Lewi s bases has to be found in order to achieve the technical fects of

t he presenttopaieentithon, adtirater Veienghisttemos wbd & descrifsrp catelystagiveier por pher i ze
ol efins W tR:pgh €aled ¥J e RGEakd ctai@;(spérfadt'ﬂgtchéfget Ueﬁancﬁgq Rh Mh&leidh ?ﬁ’e
given reaction tenperature the Mv of the poly formed 1 ncreases wth
|ncreasrng‘Wﬁﬁ@#EFOéeﬁ@eﬁ§ﬂeﬁnemﬁmeﬁbmhﬂmewﬁmk%@ﬂﬁ%gﬁYb¢l@wﬁeﬂymér§wﬁbve
hi gh M"’l@-”d!c@frcQr'%lc@i@%brﬂ%ﬁv&gécmdswrﬂxsthg?c%gtﬁdtpﬁﬁjtHcQaJM’f% g? h%ai@ﬁl‘c%Wlon
[00541The effect that the formed I ncr es wth nononer
conver si on tag mesreery)i Venlly. ealetysto aret compesr ! lyradfered angd shispodan & fom 64 grutrel | .
Wth the cabalysiis gSttﬁ euﬁsrrm trrﬁ;cﬂe BmbARS rrr i@ Qi kR in FQIRALOS 1ADG, AN
activator of formu pe of Mwv versus npnoner conversion
is posrtrvémoﬁﬂatcweaeflevemmnmheﬁeasIﬂkth)&@npamamwve(tetawvetmgysﬂeﬂe
conpri sing o)

Gsual 1y o roeaBEE LRt i R AR BR DR DALT S bk e e
ef fect Ehatthavimohorndre tpmexslectt polpventlhorralisngsaot mvatberis thé fdror plika atdl or
(2), pref eCBﬁlBJ)sYtlofngﬁc?a’xlcﬁg(Jél)t ¢ irdhsfiBh ?x{c%%{ton?ﬁ()ﬁxtrc?m tfr OZ{EB(I% ) ﬂ%s LsSIRNS! ! on
nmetal conpoun cribed herern polyole preferably polypropyl ene,
wi th hi gheraciatednatieic chielysanmeotiteeaniingiigr addgtiond ngpoponants eginadg dione thet han
wi th conpa L Y SkecSYSEE MRS OOt c epil t (S, .0S
|IIustrateé£ﬁ&M) ﬁgégsazgm%%%%ggagg o ﬁ%ggPEQQ¥ g?egaggm§%&!§%&9§5me
100561FinaHMmeamnadnpvmmmﬁdnmﬂwheﬁpmucebseanmmﬁhﬁenpmeseﬁﬂiSn&eﬁﬁimmynay
al so be i ) i C (
and/ o %%) %ﬁg%rﬂﬁh b%%@fﬁ&{%& c%g@?%ir%w er%er th rgrﬁs]titéogi r%et)ﬁ%%?xgesung Ehe anyva?‘ Y

t he same t ionkothv atdbitib iné csBpvBerDs theli cflé eunemtxohdﬂ]& wsed 1U$Dlryglet1xmmndrefacfteme rsuch as
cationic ¢ ti accordln and/or 2)
can result?gQQ Q% 8&ﬁ%HQ%N@§ Iﬁh 1 roa&@mnygnogq% tnB’tﬁtﬁ;"porn eﬁ%gth
resul ting 3Qmpmﬂwmhemﬂm$c&nﬂo@@hnmhﬂhdbepmﬁedﬂﬁmamamhansmalyner properti es.

For exanpl rroI|d|n|u d th

conbt nat | o Plet At e bR BB s Loy BT IET SIS B rErAlBR vt hose
such as3 etwaa@g&(gpemmaﬁds uprmmhﬁmy h/))bldl‘oa’temlad’lcbact Wlth the catalyst and deactivate it).
V[QOlO/014%44PCT4U82009/0495 tr@kr;@ﬂ@gtafl oronqg?tﬁg bo rate
Fur t her nor 8°'F A-°0F d&F "1 o%f dhd RS YPRRRde S BBt o ¢
conponentSpoemnamtnmeb@mthmhmememﬁahhema@n@mnmamﬁmh>mﬁyabemueedrwmhlIe a
second Lewi s base may be added as a free base. The Non-Coordi nating Anion
(NCA) 5 [0057]1n the catal yst systens and the pol ynerization processes of
the present invention [Yr in fornulae (- and (2) is a non-coordinating
anion (NCA). The term "non-coordi nati ng ani on" neans an ani on that does not
coordinate to the metal cation of the catalyst or that does coordinate to
the netal cation, but only weakly. NCA's are usually relatively |large

(bul ky) and capabl e of stabilizing the active catalyst species which is
formed when the conpound and the 10 activator are conbined. Said anion mnust
still be sufficiently labile to be displaced by unsaturated nononers.

Furt her, the anion wll not transfer an anronrc substrtuent or fragnent to
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20 an integer from1 to 3; nis an integer from2 to 6; n- k =d; Mis an
el ement selected fromgroup 13 of the Periodic Table of the Elenents,
preferably boron or alumnum and Qis independently a hydride, bridged or
unbri dged di aMRPYMIHS hal i de, al koxi de, aryl oxide, hydrdearHyP49528
substituted hydrocarbyl, hal ocarbyl, substituted hal ocarbyl, and

hal osubsti t ut ed- hydrocarbyl radical, said Q having up to 20 carbon atons
with the proviso that in not nore than one 25 occurrence is Q a halide (but
nmore than op®3g mayorb@e duipdbds A BOMhRNAGIG Gr @idpstooPriel ermaidvws a §acmeRii s a
fl uori nated g¥drocappyl havgng é to 2% carbon atons, nore preferably each Q
is a fluori FATEH ARy ICGPHIRE “RAETHGF & ifrfé‘?‘@F”ﬁbﬁ\V dAErreerish fepabrcnbrithat ed
aryl group. pésaemke for@fof Sldiolcddilo€ othd metosr, kdgdctiody. dind e tCOFNOURTS cidSe
those disclosed in US. Pat. No. 5,447,895. [0059][Yr is preferably

[ B(R4) 4r, wPlewd BeiRhg Mih sl gt pvdrecamelsBetri Yuse ndrVF il avereso

whi ch t he omelctllar®EightS UDIS tiofcd@It Heidkt® abeO@MbI Gadss Qfhelllild BEt&NT AaREhc®€as
selected fromthe group consisting of alkyl, aryl, a halogen atom

hal ogenat ed™& it o Baiein Bayidaisiege &y §a any comipiacspinebich a ghakeatpragdongtcciryrAs or
use in the pLesesh, MBYERShANEQS &hyll €8 ARNBNYLRRNAY Butyl, MBU and nBu are n-butyl,
2010/ 014344PCT/ 1JS2009/ 049528 . _

t et r aki s( petht &4 Bigroprramsil)Por sxdobestly HKE @lsp 2farad tg ey 8D iderahodopienPryvor at
e, t et raki S-penzyl, and Ph is phenyl.

(perfl uor onaﬁht hyl /2‘ borat e(al soref erredt oast et r aki ,sé_hept afl'i toronapht hyl ) bor
ate), 10 [0032] s used herein, the numbering scheme for the Periodic Table Groups is as published

tetrakis( peiﬁfdhu@rcabinahﬁg{ﬂée}iQQN@&zg6%?}2@“9%_151S( 3, 5-bi s(trifluoromethypphenyl
yborate. Particularlypreferred]Y]aretetrakis(pentafluorophenyl)borateand 5
tetraki s(helP8H | uoksrierpnt Fdiselor arer”. Préf abaiiat Rac ed Axergisetsby hetrieendar vl
group or a gubst !1%116'{11? thai§ ¥bur@t @Y Porta@f a1 b R 4iENE 1IRREN OX "brﬁ@gtﬁué&"%(gdp?iyg&t S
are identical or different and arc selected fromthe group consisting of Cl
to CLO al kyvhergmshydgogen Basgrog replicifycylbmrastiomh a petepepalor y hfteigammentaining

hal ogenated, Lo, t Lo ChOmAk Kby INALRIGRARE iR tQofcladitty LubstRtPAeRAL Glkn{O 1O
Cu aIkyIar&?,&hndnha“ggehaﬁé%n%% ?o C25 é?yf%|%§| dTou%%% and mhere?%gg4 i's
pref erably &®pperfl uori natedaryl, nore preferably

pent af | uor qpey! hepkal | 4ouaRARI Y wof RR% liyokRPi BN&RYhyabARRAL:A &Y
enbodinentqdisglosed hereig, prg?eraﬁry Jﬁe NéA.fs ﬁot g h§ H%§$%§¥aY%

ani on, par tsubitugn] ¢ giotp {nB(IBGPS uBdEHGod P oOdudtAnithat lipkfetidyChner,[bygnched or

il lustrated, heraid ¢anhe Hsed Jn,camihnaki. | an N &3* nent
of the actigapork%f %gfﬁﬁﬁ%§‘1f JF’?g$kgsbdggiﬁgﬁﬂher%fﬁg%%ggF ﬁ%?qgny
conbi natf onubtitydef engubditgeghponent s [Y] and preferred conponents [ RLR2ZR3AH]
or [R'AH| onsi ed, t o..bhe di .0se d suitable in the processes of

t he presenﬁbﬁﬁ enﬁkgﬁ£ﬁPﬁg egﬁggj%%%?gggggghmfgg%ggﬁgé %?fggn§%f§§§Y§¥s of
formul a (1)oricyclichebsottuat tystallyywatheneerigin numbeprfesdnt ajfomy entndondudly srdifiused i n
t he pol yneri 1..on f. the pr i i rc _those.wherein A
is nit rogegr&%%!’%glg 8@{8{%&8 %é%?ﬁgerm’a?]gyla 55@?%&‘}%@&3&8&%{9@% %roél pi)g?ﬁné %C,'Tgi, 5,
or 6, and R320,9rd@rablC2romCBo 04 amt m@s padflybly fimmdl fo¥d carlpon] B4 patllspecificdilly R4
bei ng apc aryl, gr r S t1tuted, aryl p,. of whi t he qne or re
substi ¢ ponc PR Rl T SR SR L PR Bl Py i Mo Sty
consi st i ng cpflo@htyy Ihexyhrnyhexyla ishiadxgly eyrlatoyh hepal, ogenat, ésbhanyy cyclaigtyl, octyl,

hal oal kyl aryl . gr.ou and referably.R4 | er hal ogenat ed_aryl .group,
ror o pr of eruts SRR 0GR PUS TGRSl P B T SpBAGER T i

pent af | uor Gphemyd defiiépt gfpliexobothapliyhy kn akoyyebdtiventobi phenyl . Pref er abl y,

t hese acti s are conbiped with transi.tion netal compound (such as a
ot al | ocend] Pb f O Re teht iy g FRET 67 ® REMR SERROVGR iy B2
[ 0063] Pref singledractic viat or swltiplet hemaatralgy,sthigdyst ansd obethar svhlant(y2inketh drhe

catal yst syst ~used 30 in the pol rization processes of the present
Chvent s on” SPTThaSERimEpielh ks P R B AT R PR PG Bl TR 0

i dentical angaBs bc aetrbytly| asah hydzoghcndrz@p boy@h as @nithheficths. B REnddc ringpd)t h R4
being an aryl group or a substituted aryl group, of which the one or nore
substituents are identical or WD 2010/ 014344PCT/ US2009/ 049528 di fferent
and are selected fromthe group consistiig of al kyl, aryl, a halogen atom
hal ogenat ed aryl, and hal oal kyl aryl groups, and preferably R4 is a

per hal ogenated aryl group, nore preferably a perfluorinated aryl group,
nore preferably pentafl uorophenyl, heptafl uoronaphthyl or

per fl uorobi phenyl. Preferably, these activators are conbined with a
transition nmetal 5 conpound (such as a netallocene) to formthe catal yst
systens of the present invention. [0064]1n the polynerization process of
the present invention, in addition to the preferred activators of formula

o oy o - oy Y r



WO 2010/ 014344PCT/ US2009/ 049528 L1 and L2 are the same or different

cycl opent adi enyl, indenyl, tetrahydroindenyl or fluorenyl rings, optionally
substi tuted, t hat are each bonded to M or L1 and L2 are the sane or
different cyclSpEHOAHtenyl, indenyl, tetrahydroindenyl JFCHIRYPARAS  whi ch
are optionally substituted, in mhich any two adj acent R groups on these
rings are optionally joined to forma substituted or 5 unsubstituted,
saturated, partially unsaturated, or aromatic cyclic or polycyclic

subst i t uent may ifictudaiph¢ngg@nphtioX ynol; u@lb@& Fihlﬁl’(cuﬂ diprefRrman liyyln i:firﬁ}Q,gﬁﬂ@I, R

is acyclic |jnear or branched Cl to r substltuted al k up
(pref e?/abl ya'f} REPRISHTS- ANOP STy | Hfﬁ?ﬁ ¥‘88‘g)°th%“% g% G e S AP

i ndependent kpgcifibylgriagess thisd logrRa ﬁohlyﬂfol WeprerdibGaten 5 RyDy ﬁserpbaféxawﬁbﬁlad S,
10 substitute %% éfrocarb %QIC% hal ocar byl radlcals substituted

hal ocar byl é glomsriff%lidk'é( radP 4P aelbHPPAeledhs Pyl mEn g 6 o 15
radi cal s,5 ge&mﬁl gandyt nrdgdidcalssor Olcarbbtb Slotrks Ut 'Sdb@iaray higrr dls foaghcal fist or

both X are | oi e and bound to the nmetal atomto forma netallacycle ring
cont ai ni ng fFEMAEbUFCBORPT TRy PR APES i WY GHEON HF- BEPRdCayetiivash bt be

an ol efin, dpatRf by oat Aryce dribgangch k5 J1B6ALBuLs G, &RRMKOr uhatnQcene
is nmeant a brkg ed or unbridged, his- or nono- cycl opentadi enyl

haf ni um conpl® Kavictrgpeyglo! sPm¥ﬂﬂm?e@ﬁ?ﬁ@mﬁﬂéﬂp§w?$“hnﬁkﬁ@ﬁbgmhfgﬁkaﬂe as

defined i MBAAYE] phoRRONEL, AR6k MNAYBxE-NEmER- GhRURSI fEBﬂﬁ Rerabald LkkhRehiQr
unsubsti tuted cycl opent adi ene, indene or quorene use of the term

zi r conod@necyele ‘i’ﬂ“rbén‘b}”l‘“dbéff Yredunrhs tgwetic HrEs). B?ke%ﬁbﬂft?ﬁ‘lé 1op hiakdadideny|
(Cp) zi rcomoum&ogmf&ch@vIdn;getﬁyerlee@fscxth}w@ @yl Nehe ARLGLARS Ky and b%<%
which are as defined i nmedi a above and where the Cp groups may be
subst i t ut ed2BONYneebat intaye éEFX&W}CBHé‘?ﬁoéﬁl Higeern r?dlélnélbﬁﬁ" qdewewetlc BpuRise of
the term tidoaReGRNEhe & m%%te@oamrﬁsdgﬁq Aitdbdn] 64986h, RbHhor@s or sulfur. Non-
nono- cyclopentadlenyl ) titani um conpl ex having at |east two | eavi ng
groups X1 aHeftisg exw*ﬂlfého arieh d§teer!piA @niRifRE i anEicy sramRsy e dhdnvth drephetd  Cp
groups ngy @edﬁwb irrélyi eﬁhdagomnwmw e ErueM Gl gpe%ﬁd b%rdldyp%/ﬁﬁaﬂ L
fl uorene. 006 1 Anong the netal | ocene conpou whi ch can be use
this |nvenﬂW6H“&P@ @ﬁ@V%@F@@PHIOéﬁPWhﬂﬂﬁ@bégyﬁﬁ@ﬂ$?c bri dged or
202 rrg[ LdgerOﬁL Sofhge%é&nedrén %%ﬁf“’%@%dto%?r@ﬁéﬁ or%%lna@&ﬁ@ﬁ§l é}hgl‘?@anc{/cgr

X
5,132, 281; AgGticpaes tRpare Sussé s eBD other Ga shered nmmeebe%ornssahat weSovietly No.
g :2));2 12183 Ich% tOEQ(!:h oﬂN?or tﬁat%%@nrgééwag M@quxwgmép Q@c%’a(g?rgalkgcr% gvrg)\f’ptor
VO- A- ( P&/ @sézekowel@@pntammggmmweeas owbomzlgemelmme ov\tbe@mpkmsggwﬂ/oremmm 577
581; EP- AL {53883 JO-08:2904 30 A0 ol SORbNRRRANA Gict Ll RHALA &y
e.g. "The In% | uence Ar oma tltuents on the Pfiynerlza I on §
of Br|dgedrmvmwgeﬂgve&@%4ﬂmmﬂﬂ@szomgﬂg495@8w2mmabnmbeﬁdh(anehy@mshmybc
Spal eck, W, 8kl (oYt LSk W04 1143 S ocene
Polynerlzatwgnhggtglgé%EPMAth%k% P§%e§ ﬂkﬂ-mmaﬁgﬁggﬁﬁ QQQOdgﬂ %ﬁﬁetlc
Activity asgcledty.mbeterobigioalkyk ngbsiguted Bleiemcquwefrl h#pgenetalkylhalogen, such as
Or ganongy aly 1 ] an, n to t The
brldgegeietgyﬁgge-gég %gcfggé ﬁgﬁﬁ 987g@7§g§5&§n%§%§55%%ﬁr§ﬁ ﬁ%&ﬁh@d
met al | ocenexclidibydioersleahs.i fror @69101‘6&“9639 abpetiarisgspdithe ong sxstery, @unbmmpmﬁcbd t he
present in n. 9 Sit I d,is a
G ot hyl st 1ot By i danol el gl 1 G tind HE AhbA0in 8 TR R GO TP R e
met al , speeystincal th@/contoxt afrthumcwzt meonibunentons 4 ddasl tymringnek fring c'anbdre Apn" may

be substlt te t

consi sti ng%of&é%%(%%ﬁﬁﬁh%dbe acl}]fp[ [llr{g%%%gma%k%ﬂ 8%‘31 Ogn%ﬁ%% cfuP Q‘&Sli(o C25
aryl al k3l , rmmdﬂﬁﬁumwmﬁmﬁpahkwiQMWmmuwbpeapmehmgeﬁkvaumhe netal |s zi rconi um
or hafniu 2 ar. nsubstltut bstitu 1cals T
IS dlalkyrym?gd ?hé%ﬁg anauﬁﬂhgfe Bd%ﬁwﬁ ‘6gen or %I“%mC

Pref er abl yQ’ mhwgawommﬁpuﬂdsahﬁennmagMepmaehhmgnfhﬁmalﬁ]Mkﬁusﬂmwmm&emybut

not limting exanples of preferred stereospecific netall ocene 15 conpounds
are the racem c isoners of dinethylsilylbis(indenyl) metal dichloride,
-diethyl or -dinmethyl, wherein the netal84 s titanium zirconium or hafnium
preferably hafniumor zirconium It is particularly preferred that the

i ndenyl radicals are not substituted by any further substituents. However,
in certain enbodi nents the two indenyl groups may al so be repl aced,

i ndependently of each other, by 2-nethyl-4-phenylindenyl; 2-nmethyl indenyl;
2-methyl, 443" ,5' - 20 di-t-b utylp henyl] indenyl;

2-ethyl -443' 5" -di -t - butyl phenyl | i ndenyl ;
2-n-propyl-443',5' -di -tbutyl phenyl] indenyl;

avior
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di met hyl si | yl bi s(2- et hyl - 4- phenyl i ndenyl ) net al di chl ori deor -di net hy1,

di met hyl si |l yl bi s(2-net hyl -i ndenyi) mnetal dichloride or -dinethgl,_a

di met hyl si | yl BOSPOI1Hét hy1- 4- napht hyl i ndenyl ) netal di cHISH{SER™/81528
-dinmethyl, wherein in all cases the netal may be zirconiumor hafnium 5 -
a cationic conponent [ RLR2ZR3A1-1] wherein preferably Ais nitrogen, R and
R2 are together an -(CHA- group, wherein ais 3, 4, 5 or 6 and form

t oget her \M\g\n E}r]bldah@l Nistits0gen ayddlkyd 4rtc)t,cr05yaloa@cyl orsu%urreﬁbl l@rﬁ@ﬁbc?&(ﬁh'l@ﬂ OM®@flj C
ring to whic cent rrng carbon atons, optiona one or nore
aromatic orBWé?téﬁegéfycdgwg tprRanyh SR Brserpgigleglk O’ééhd“ﬁ%‘y’ 1 tll andceombmptiogy) op
C5 al kyl, mpegopreferably N-nethyl pyrrolidiniumor N nethyl piperidinium or
a cationic 10conmponent [R'Al-1]- wherein preferably Ais nitrogen, nis 3
and all R aB@Lﬂgggﬁﬁﬂaﬂmhnd are Cl to C3 alkyl groups, nore preferably

tri met hylsanygggjum ﬂrlb tlrreeﬁdr\vlrammwnem cadddght - eanmwprrﬁngcqmmem k!
which is an NCA, preferably of the formula [ B 104] -, bei ng an aryl
group or a ‘é%‘B’@t“i“{) el el agivgior ofrfople Gt Iw%frrf theEetaff rewemrrﬁree“@u%yw@em s
are identicabro@ss dF hd1oh&Mn2Nd o@%r@@lkﬁ&h@%rﬁ&@Hﬂﬂ&@ceﬁilﬁ#@y&&@@é&ﬁrlgﬂ@ Of

al kyl, aryl, a halogen atom 15 hal ogenated aryl, al oal kyl ar

groups, pr eHEPiHpT W@%éﬂﬁep%@émaéea agiyAfor i ofpsayla hbr% Bk efl Bt aerlgpnents o the
perfluori naédeﬂysarywemga&m% 180 pPRER iRERTRLARPLY REAL %r&&erz@mwe» of the
hept af | uor onapht hyl or ﬁluorobr phenyl . [0076] More preferably, the
activat df ﬂﬁ@mﬁ§éwmﬁmaﬁ?d®ﬂﬂﬁﬁé’@@P@ﬁéﬂh%ﬁ@&éﬁwprocesses according to the
present i nvﬁm\lagﬂs hi A EdbvaRb AV AP P Wil A1R: RIS LiRRNT af | uor ophenyl ) bor at e,
N 20 met hyTp rrolrdrn|unrtetra<|s(pentar|uoropﬁéﬁyl)borate

tri met hyl ant®84fl um thet trakitioy Hegst! agomperisk agh taryvajadotearield & catalytically active,
N-”Ethy|pynm9$m9h&kHH%H§§£@&hﬁﬁﬁ@ﬁ&%&!y@&%ﬂ%@&ﬁﬂ%&&1ﬁ@%ﬁkﬁmhl&%mﬂ&&@&ﬁpcene
is preferably rac-dinethylsilyl bis(indenyl)zirconiumdichloride or -

di met hyl , regecdgiafpeani {tiesibp wsertﬂdsrrtp ﬁ&@ﬁwl)mmlhm@rmhancln|t1mnr@|@sx)fpr palymestzngl |
rac- et hyk enxérn@'ae&r&%eraxre)ﬁk eﬁtoim/éﬁm)rdlaﬁ Q&t%rodsf @k o1 Q\Nﬁ%t%%xéral%rmulae () or
rac-et hyl en bis(in haf ni um di chl ori de 25 or -di et 7]

anot her e éUﬁﬁﬁﬁWJM@Vﬁ?éﬁé@ﬁ%@”@ﬁ@ﬁ§ﬂmﬁﬂmdnetaI conpound conpri ses a bi s

i ndenyl conpoung,r.eprgsgnt ed qﬁﬁu 1
2010/014344PCT/USZOOd?g49528 ﬁﬂﬁergfﬂ rou 4(%etal, preferably

haf ni um 1'W@ﬂ@ﬂBﬂr@gmwgagr®m¢mgsmem0ﬁéxhﬁﬁaﬂkymeﬁ@ﬂﬁﬁéPWylene, et hyl ene)
or a d| sub, gernyl group, (such as dinethyl silyl)), nis
0 or f§&§hﬂéggm%mh%k%95and R7 are hydrogen, a heteroatom a
substrt@@edih@ﬁéroembnﬂgmdwpgK@pSOSmmmwﬁwmﬁedmmngmm@uﬁﬁnﬂgumeddaiwyﬁhgroup,
and a subst, r ( r d or
unsubst i tutf%‘(trj\P ﬁ& Lptis orﬂ)ZIHs el'ge%trlhttoggreo b HQ% g?‘f ?{h‘g{e@ ary &é?’gu %ceﬁt%l%
preferred embdﬁmmm%tORﬂmmgfhydmu@em(ﬁhmlembbhe&ngEﬁemﬁed(Eﬁ&pmmnem@ &2 and
R4 are hydr, i

Qo c2b TR i ARF B LBl gr, BERRIIRN sl it (LR R, o

or unsubstKmmmgdwwmemyh%ﬂt¢mmaﬁ0¢hegf@dememmemyanm@dfmeﬁm%E@d@KhHMWd<R4 are
met hyl n n n 4 e _no not h

enbodrn%%t %%gégﬁﬁ §UQR?H§§I%Iﬁ %%&?%Bdﬁ%{o er%egﬁ$% o%“ ? 9 usﬁﬁ“dR5
R6, and R7 uar"ecnldyrdrydgemncamdncRQ sulstislys tél r:qnctdeﬁlormrthmglsu[beanslsumgaof eahkcybgoor

ambod mant obp MR IR GeE €N AR B R ?%%%?’%%fakxl M R Pl or

unsubsti tuted al kyl or substrtuted or unsubstrtuted aryl (preferably nethyl

or phenyl). 0078 from.an i nat.i on
of tho preRorr Ry RRrErP RO G ROl EE IR PRl B ARG B 1T
activat &r amdnpgeﬁhnme@uaanmkme&mmpbmentmegq&hﬁractrvator nentroned in the
precedi ng paragfaph al | X Iy disclos and may be used in
accordance mﬁthﬁ%ﬁlmg e¥ent Hﬁvgﬁiﬁk in the polMynerization of one or nore

ol ef i n noneieksdY A smn-@ordiariad andsrsNafA ) tavbirttledf if @rreted beletj vat ors can be
used with the sane or 20 different netall ocene(s). Scavengers or Additional
Activators [00791The catal yst systens suitable for all aspects of the
present invention may contain, in additi%n to the transition netal conpound
and the activator described above, also additional (additional activators
or scavengers) as explained in the follow ng. 25 [00801A co-activator is a
conpound capabl e of alkylating the transition nmetal conplex, such that when
used in conbination with an activator, an active catalyst is forned. Co-

WO 2010/ 014344PCT/ US2009/ 049528 activators include al unbxanes as nentioned
in the follow ng, and alum num al kyls as further |isted bel ow. An al unoxane
|s preferably an olrgonerrc alunlnunrconpound represented by t he general

AN A ~\ A A 1. 1 . 1 o ATl A A ~\ 11 A ~ N



W02010/ 014344PCT/ US2009/ 049528 according to the present invention. See
references Chcm sche Berichtc, 1955, 88, p. 962, or US 5, 153, 157 and

ref erences therein. Phosphines and ethers are simlarly protonated with
acids and can"$rdE¥%E*4ni on exchange reactions to the de<iERWABhoni um
salts, see for exanple DE 2116439. 5 Supports [00831Preferably the

catal yst systens of this invention include a support material or carrier.
The support material is any of the conventional support nmaterials.

Pref erabl y thenisugpoptosthormibesiyatn,i s a porous support material, for

exanpl e, talc, d inorgani c oxides. O her support materials include
zeolrr})t es, cPéVsl?golfﬁlgﬂ% Ioé%(’,SplborwsaWno‘fEéfrrA8?8@5‘??’c or inorganic support

mat eri al 10amite gibepsIR dee jdemicandrxitii@s atdnes £0f o d;alkal gows er red enbodi ment

the transitj metal conpound and/or the activator are supported on a solid
support, V\h@g}]n tﬁ?ee RiGBo M Uty ?%%C‘gFa}?liycrﬁlaﬁ?F t%lt'ﬁﬁwfﬁ‘é.cgtfbé)‘8§¥]’tp?qe¥5€?fr ed
support rsat ednplsgan@ndifidrgaslicempoiindasd ihativitdrelf uldgo@ueUp) showd abdke, 8,thel 3 OF
14 metal oxides. Preferrfqg{sygﬁorts i ncl.ude silica, which may or maé not be
dehydr at ed, “Fiél 24826F P @it RN RO WY D9k 60aBYOn Briph CAPAIHR LR HA!

m xtures thgreef for Redlfrh@utnar biyfinss ahdl oo SHIPRRES Sfol Nl yudaZINRINER ahe tirdRY A,
zirconia, montnorillonite (European Patent EP-Bl1 0 511 66%), ,

phyl | osi | i cSPISIPRSPRpERE yngerepolymegization gogditipny i orNgoreeolefsy, Wiy caitlyst he
like. Al so,syseniRbmgtidianstobiibhasel Suppeidanied StivabsSorm@hug1used, for

exanpl e, sil i;;a-chr omum silica-alumna, silica-titania and the like. 20
1008511 t'9; sl®Bfat er PsdPrespftinyeROrs s Hates it @Facass fompalengsiziae @feiipp {hegyocess

i norgani ¢ Oxnf}eisind ¥ Ra@ing UWnfi@dCR1@FeRaton doh&itibsangR &f mbcarmbautn 1Qakhgs@bout
700 nm2 /g, pore volune in the range of fromabout 0.1 to about 4.0 cc/g and

average par¥PEREORPHENG HirgnpEor BRGECFIOR R abatitvaisr efdompiiLe) sobowm pove.
preferably,inthe seebaar bigR RtrathBoRVRRORLigIBIraRE 3blymSr fombd Bicf-ARY &y i
from about 50 to about 500 n® /%, pore volune of fromabout 0.5 to about
3.5 cc/ g andSPERAYEONPMEIEendt 2 81VER oI IEACEIIBEIt 10 to about 200 !am
More prefergidsy t NeusHt tAGR pak 880RhuIiNE) SRS tveTBL B L@bn pstt hBedhenkRNIE i S
from about 100 to about 400 n2 /g, pore volune fromabout 0.8 to about 3.0
cc/ g and avériige wHbs @Ftéel'sliliséfaieg bﬁ@@mf\abéamb@atw@s abeaitons @Bl YCs displesed

aver age porgrci A8 s@fablcRELERALE trfthe %@@Jsk@s of fhe HRSer N ERoh AR LY RS %ch%o&?@% pore
size in the range of from 10 to 1000A, preferably 50 to about 500A, and
nore pref er§Biyy 75 to about 350A. 30 [00861ln another enbodi ment the
support mays&RRRE StheQRiofs NOre types of support material, which may be
treated differently. For exanple one could use two different silicas that
W02010/ 84 4390BECT/ @é?@@@nommeenhazﬂ thi §tisptene! poneas o) rdd) aovhad upebn a

cal ci ned at,.djffarent. ten , j | S&: oul 1] had
bocn treat G0 WT & ot aonger oot pler el TR S Sungt fh AS Fa PRk as,

[ 0087] Pr ef dieatifigp mhel semppsond.-sThey epdyerstrassadic medratlcavmgpardt (resimafowe 500
C, preferably: : : r.ef bl .y .above
550°C.  pr of CHaBr § mong iR YRR e e o B (R P IR R0
at 800 C orndpbowey! pubogsait wf dle winssionanste! entroclindeattiantitien geppeatios rralte been
cal ci negk at, t : .C, preferably above 300 C, preferably at
400 C o?s ah”ggégl@?‘%g%%ﬁ%lggﬁcg%[%ngbribodi ment, the supports have not been

cal ci ned. N¥MRbd &f thSpppoetijahen @atead 9ishe Spsnemvention 0890} tThe abestcaleyisted
systens of .t he.imvent or.t. ntas.,.expl ai ned
ner of nabovd R E PR SRR SHRRAESH: BBt b R, B R Ry SR B Dor
is first nddshittegervplidsphoemgentyget.hat react with hydroxy groups to render

t hese | ess r. td Ve W ) | onj €. tr. J L nmet al conpl ex. Such
reagent s wou "dl(%lAnl\éFlﬁ%&;ﬁr%ﬁlﬁﬁﬁﬁ]&%ﬁ'ﬂdﬁgbéﬁlgEbOé(ggﬁlEt3, Al113u3, etc. Ot her
reagent¥ weul tic groopil ercMidabral MADffesnt zad es acGirtb &5 alkpigerSip: HR AT oragisislbanes

of the 15 . formul a RxSi .Sl - OFt _conpounds, ,etc. The activator of
Formita (1 annohe oIl L o s RATRE A ik oF e e Bk s una.
pr ef er abl yotyjgen.nmet al | ocene, in a separate step and then supported on the
nodi fied support. Also, the transition metal conpound, preferably the

nmet al | ocene, can be supported first on the nodified support foll owed by the
activator. Alternatively, the activatorl®s supported first on the nodified
supported, followed by the 20 transition netal conpound (the netall ocene).
Mononers [0091] The catal yst systens described herein can be used for the
pol yneri zation of one or nore ol efin nononers. Typical nononers include
unsat urated nononers having from2 to 30 carbon atons, preferably 2 to 12
carbon atons, and nore preferably 2 to 8 carbon atons. Useful 15 nononers

i nclude linear, branched or cyclic olefins; Iinear branched or cyclic al pha



1009511 n anot her enbodi nent, the nononer to be polynerized conprises
aromati c-group- 20 containing nononers containing up to 30 carbon atons.
Sui t abl e aromati c- group-contai ni ng nononers conprise at | east one aromatic
structure, pr@@%@ﬁgI frontone to three, nore preferabl YA'FAYHNA?528 ndenyl ,
fluorenyl, or naphthyl noi ety. The aromati c-group-contai ni ng nononer
further conprises at |east one polynerizabl e double bond such that after
pol ymeri zation, the aromatic structure will be pendant fromthe pol yner
ba(t:)kbone gtrm.rarﬁ arnwiiaﬁatdfmﬁﬂ(%ﬁfbgcﬁ@@ﬁtaiflﬂérﬂ@ alTRCHTES A 1 lrwmtrasgéhtghgmosp@nlts_, and g
substituted wit ne or nore hydrocarbyt groups inclu ut not limte
to Cl to c16marlra/? @thrp%louvAdﬁrtﬁ.g M%P@gﬁf%yeﬁt“ gu ¢ gHBNS i) be

joined to fpk#cally mergytsttﬁylc@t Yoyl g?dstqst eﬁdregrewt&rsam SHYTiO 4@ MnahdNiig or -
nonomers contain at one aromptic structure ap Bended to a

pol yner i zabP¥sgIo8F™ rf QiunpRfr-PRspog Ry tSe PPy BYNAPHMR LT PhABHOHERS

i ncl ude st y#remgropabath@mied Ry |-shoipiRdRRIm. pﬁfr@ethy@nrﬁdn'ﬁw S§ Yh@B@8ly preferred. If
vi nytt ol uenes, vi nyl naphthal ene, allyl benzene, i ndene, especially

styrene, patafti HyRD S¥qpiusm eomnpuph @ﬁgh 1 beng Plytdp éreérrF&IYathP PKOTEP sleiative of
V[QOIO/0143&&&@51&ﬁgQﬁﬁ%@é@éQ@ﬁh@@ﬁ@hM@&n@ﬂ@ﬁﬁkIC cyclic group containing

nononers are al so useful nononers herein. These nobnoners can contain up to

30 carbon at’8#8. éﬂr@@ﬁﬁeﬂﬁwﬁmﬁwbNﬁﬁ?%“%?éﬁﬂém@ﬂBﬂpwé6ﬁp&hhﬂh¢’Wﬁhdhﬁ#@

preferably fmfer@hidneaelesO B tROMKITRT kBRI, Meehatiti€ cOhfRn Saknics el trtter
pendant on the c¥cltc structure or is part of the cyclic structure. The

cyclic $frubimmalRByR Ao Wherem 4 iy pitiegen o BaasphaiitseB By Borae Bydreggrbyl groups
hydr ocar byl orRERB SRSy hydkca®Plerdlpiht i fSrh & Brs(Ch OtOQbKﬂ/elmbgrreQ o
Preferred non-aromatic cycli'c group containing nononers include
vi nyl cycl ohEXB#HE, ingi Wil Ayicstie senpimber. piafaehlh Bron dnes, foaug py fiyed ewes rigewblnene,
cycl opent adt'w%n@f a %%&lt (Pﬂﬁg AEMEs n%)ff({)lpgr!ﬂ%ﬁ§ BE memBEk QP IBRBoncVdcPOH AL BREBAL fne
and the |iKke. 7] Preferred diolefin monomers useful in this invention
i ncl ude any? IHW‘IC éeapbéwhw g/ PUFPIRYES ringrsefiean abivy ocmopeyingsovhelraviaittpt daest] east
two unsasur@t &oR@MES or WS G & fut&aéttatdwmshfmgt hRd %é@trurn?ta% Q@h@sﬁrar e
readily |ncorporated into a polyner by either a stereospecific or
nonst er eos PEEOF it lead toar ypegopd yringfar ring fysiemhiara ¢rwhetiore @ tahizpterediem @h@)ln@ﬁ’r n
mononers b Qn&‘ﬁ&ﬁi@ﬁt%e sﬁ%m@édm}%ne errr'ﬁgr@ A TRRR rﬁ%m(the grourgeqngrs r%lof a
nononers). More preferably, the diolefin nononers are near di - Vi
mononers, rOAELHY aPey dblogent Howe CodntGai alknlg Prafeankin (trot03©s dhrlbéi tQECratitYirs
Exanpl es of, . ptehe; @fc duen Gl S e
hept adi ene, roct agr ene REcH) %n?rtdegzes a%ﬂ%g?e%@j é&gﬁmgﬁgﬂ cfoggéﬁ) Frgﬁgm
tr|decaé@eﬂecd%ﬁma@ebmdﬂehecmp@mka@geadmeﬁemWWe%&@e@édu@@@mMHsadMhmﬁ
hept adecadi, pgﬁf n i ne,
docosadreneégﬁﬁfﬁgga Ie ﬁq£&t%??gggggggeﬁg%ﬂggﬁ#ggggggﬁgge?nﬁgka@%%%‘Pgne,
hept acosadio# agygevctoavyrdiydivearby] @raws skdi-en é0-membegednradivesre forpargt wituh ar | y
preferred 2] I -k i 0 | ene,
15 decadi one? 170. G HSrdnd MEPHEh GG fa ESAh T8 ol 2A0AMNS
1,13-tet rachletee?étoehe(,m addtioroww Aol el @r niWetk@ghtndmeWmnadﬁEm léMNpteé@sdt han
1000 gi »pl) £ L I I n - .
vyl norbor SUTE RREERLEHER ey UL EREind AL B RS 01 BDPtne gy i
di cycl openthbigmec stcohd ghepr ringgyseontialy riddigiohl dktefontas), wefdnab@r niwbgdmo utay
substituen ferred enbodi nent
one or é§f?%%Z§%$§H§wé£@n 8&&@%@? ?W%%%%QQ éfﬂtgcgggllene based
pol yner pr ded8ked Per ercrﬁ:rrati cunpodimerdt ®f whei cghtm B4 fopned €nabliopicadd i0.1@0O0Awne 1.0
wei ght % @ﬁqgé bly 0.002 to 0.5 weight % even nore preferably 0.003 to
S

0.2 wei ght €d upon the total weight of the polyner. In some
enbodi nents 500 ppm or | ess of ] is added to the pol ynmerization,

preferably 400 ppmor |ess, prefierab y o B00 ppmor |ess, based upon the
30 total weight of the polyner. Iln ovhe\ ebodi nents at Ieast 50 ppm of
diene i s added to the pol yneriz&iop/ orR'100 ppmor nore, or 150 ppm or
nore, bidsed upon the total weight of the pol yrmer (1) WO

2010/ 014344PCT/ US2009/ 049528 [ 0099] I n anot her enbodi nent et hyl ene and/ or
propyl ene is/are polynerized with at | east two different conononers to form
a terpolymer. Preferred conononers include a conbination of al pha-olefin
nononers having 4 to 10 carbon atons, nore preferably 4 to 8 carbon atons,
optionally wwth at | east one diene nononer. Preferred terpolyners include
et hyl ene/ but ene- 51

/ hexene- 1, et hyl ene/ propyl ene/ but ene- 1, propyl ene/ et hyl ene/ hexene-1,

et hyt ene/ propyl ene/ oct ene-1, ethyl ene/ propyl ene/ norbornene and the |ike.
[00100] Mor e preferably, the process of the present |nvent|on |s for the

-, = o v o .



30 [00107] In one enbodi nent 500 ppmor less (wm basis) of hydrogen is
added to the polynerization reactor, or 400 ppmor |less, or 300 ppm or

| ess. I n other enbodi nents at | east 50 ppm of hydrogen is added to the

pol yrreri zat i oW ¥4 or 100 ppmor nore, or 150 ppm JiCT/Upg§9/049528

2010/ 014344PCT/ US2009/ 049528 nore. [00108] One characteristic feature of
the ol efin polynerization process according to the present invention
conprising the use of the catal yst systens having activators of fornula (1)
or (2) accordionguld g)'tm&n@[{é&@&hcrl AVEACHOR (1.8, etuaadm) @buOREh @bdienN3 rLack bon

tenperature the Mwv pol ymer forned |ncr r at Ieast does not
subst ant i al F3f ‘éié%P@g%dé? agoee%pﬁafsnaeaydé%eéow& nc %ﬁ%zl RG Rndhb o Cuo
conver si on. i drSupl thitlé&rtr{eag ecthé Andogddenyla T ﬁldbéhaﬂ/!l Secilfis cYbdiRent, R®
different from known ymeri zation processes using conventional catalyst

systens, whipakykepe %femwg% 210 cpfaohtprapyiRich wemeptsﬁiﬁot T foreddydt s Rhe M
versus t he MRNONRF, REQAYET ’1 ALY dio Béskal drbxnmﬂéﬁevgou[ﬁg&l 4hd RAptdiQuly Wrshi ng
to be bound bg thi's theory, it is believed t t he bal anced 10

coor di nat i ofr: 3t PeMJtACRRSFCdpiesTaEqeRaliy rige With dhoindgest Ha8eéh or i gi nating from the

proton-depl phes] capiRALS KQHPQHEMRUQ&(bh@nﬁ@%&wﬁkﬂibmﬁRPH%e%&@§@@(f@ﬂ)thls
unusual characteristic. [00109 The fact tha her Ee yness can be

produced at &RIYKEP rifeFrgie ps EsEORP) rdthesbofgah d: ¥ Pkt of Re2tdohvidsstlenbecan
be increaseg,i & &@[Em%/[e%b %buf)@@cﬁl@t{t%necﬁalﬂve Y M3 IR rONEINBRANRY, 5- 6- or 7-
concentration in the'f run tines, by using a higher catalyst
concent r'dt i Bemberast, gen- %’91“%% rgigngtmthenlfre%f‘@tdmh/\t m:bmmnaﬁéam iof Ruchuiee gret hem
more ef fici@ptidduch eqNEbREnilRE MPRLSREM CORGSRILAL i®Mdbihithe iffdabdIRifiuANd
reduci ng operation cost associ ated w th nonomer separatlon and

reci r cul at i BAPhalitiugn myrapelmies stes Thoaddioaal sebthituspsitah § atsdniagy ebHerotasesd in
order to ke&@feﬁdhﬁ g @?@Hi i %re”i?rlaf%%aﬂ@ ®@Qb '@:E )alk?if e%éﬂ%dr@ﬁ#&kérib’}gcpgl (YJE@lEyl
sufficiently h limting ef gquantity of

product i on ﬂt@étﬁmﬁ prcfprﬁb’s/ m@thﬁltoa?ﬁhb[an gy gley h@fﬁ@n t@rCsaﬁtlkwlfeagtouzmr@mawaéixed by
the presgnt, Icw&gnfch@g}ouri %Wlﬁﬂ;@ﬂy% &' ecli k}l@nc%?]&ﬁ)'aﬁa‘ hRkd prerSRoNm - h.0e

| ess substituted metallocenes used togethe th the npre coordlnatlng

am nes, suctClag QinHa(gf‘d«iprf’ett kYInséts (ol tbfi Bishidrerspntaiing RInR Ganded pror the at least
rac-di rrethylcgd h¥ B LiRd ez S &apintg b BT Mls; [R'R7RPAH Iso fi lic

rac- dlnethf e 1n?8l§l% en Iﬁafn?an1égﬁg% hyl f rac- eth%f@ﬂggﬁs?gh%gwr%afnlum
di net hyl , rba'ectetehfyr eﬁemeshuh@ré hiylited poctbe follenv dhiz weestyvhich 28y b fusthsidybtitaterd iad

met al | ocen [ f Qf A 0111]
Dependi ng on uhy o Tonremay 5y REfiutit PR oo R ARk AlDRTons bl
poIynerQQaVW®m%®ﬁbbe@Segm@gas phase, slurry phase, solution polynerization)
may be used in connection with the ppesent jnvention. Gas Phase

Pol yneri zation 30 [00112] Generally, Non a fjuidized gas bed process useful
herein for producing polyners, a gasepys r&am cont ai ni ng one or nore
nononers i s continuously cycled thr a{lydized bed in the presence of

a catal yst g%% reactive conditions. The gaseous st[ean1|s w thdrawmn WO
2010/ 014344 P LIS THRPIISBEIFYBEheIP i1t B QAR s SO @ BAR into

t he react Orsystéph, MUt ARSOUE! Ye PMWAET ndRliSeHGt exdampl¥ tEIhaWBaih" @8y thRefufRact or
and fresh nDnoner is added to replace the polynerized nononer. See for

exanpl e U. Subspiyicdy o8t mareubstigigyls dumseen?@ebovs apgbigaysgRy ainsun3gtyragas, but
5,352, 749; 4R #8882 20t Rerfkil) B0Hbe RedBIndddion:5, 462, 999; 5, 616, 661 and
5,668,228. 5 Slurry Phase Pol ynerization [001131 A slurry polynerization
process generally operates between 1 to about” 50 at nosphere pressure range
(15 psi to 735 psi, 103 kPa to H5068 %ve@H reater and tenperatures
in the range of 0 Cto about 120 C, L. N a urry p Iynerization a
suspension of solid, particulate poﬁ is formed in.a li

pol yneri zat9%5Al di fuasktheraicurd fraquifwehthmmaéﬁm%by Bndt’ @aﬁﬁﬁbﬁe?dstoar BAY with

catal yst sygat emaigh A€ de dromhhie riStSPeNSyRBm! RG! MEthRE ificURE thhtR!, R? and A
|ntern1ttently or continuously renoved fromthe reactor where the volatile

conponent s [RFe* Tegsqratrertredrabphatindirg sny mih haetaedse beeg Phoeliosnar njroatter a
distillation, to the reactor. The liquid diluent enployed in the
polynerization mediumis typically an allRane having from3 to 7 carbon
atons, preferably a branched al kane. The nedi um enpl oyed shoul d 15 be

| i quid under the conditions of polynerization and relatively inert.
Preferably, a hexane or an isobutane nmediumis enployed. [001141 In one
enbodi nent, a preferred polynerization technique useful in the invention is
referred to as a particle form polynerization or a slurry process where the
tenperature is kept below the tenperature at which the polymer goes into
solutlon Such technlque IS descrlbed in 20 U S Patent hb 3 248, 179
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25 are suitable. The lower end of the possible pressure range nmay be
anything fromabout 0.1 MPa, such as 0.5 MPa, about 1 MPa or about 2.0 Mra.
The nononer concentration in the reactor (based on the entire reaction

m xture) may BOBWPRHEr e fromvery dilute up to using t HETHSAYMYS s t he
solvent (e.g. polynerizing propylene in bulk propylene). Suitable nononer
concentrations may be, for exanple up to about 2 non, up to about 5 non up
to about 10 30 non, or even higher, such as up to about 15 nol/L. [00118]
In one enbogidwmtorBOr BRAEerdd@ESnAak rifys b @@ g Bystetnsashgad flisad tdRid first ring via

pol ymeri zati gn m xture, or_400 P pmor less or 300 ppmor l|less. In other
enbodi ment s*Hteepigaden Btembb@ﬁl%ﬁ“ S8 2010/ 014344PCT/ US2009/ 049528 hydr ogen i s
added to thmopgl YNRIiZapiRRcd ¥htddmne® [ROPRPRA) Oris M RethPpyrdH i OX-
nore. [00119] Each of these processes may al so loyed 1 n single
reactor, pafaihy! Vélpe‘iﬁm@@rNe%d}tye’a@td&md@&ﬁ‘fmg’uNa@?%ﬂ%‘h%mao‘%‘iﬂl%}m e diluent or

sol vent . sHygpenar bﬁrhn%ervﬁéﬁﬁedaén@oo@frﬂehﬁ@% RaticRQh PorAbilaRINAL 'dg(n@t@&j 2 PERMALAL -
Al kanes, such as n- i sohexane, pentane, isopentane, octane, are 5

preferred. Mlgtﬁmgé@wr&fmﬁlat erfudars basest ‘imatf(é@lmﬁ)ﬁ a@éatebt%dcw eiplormydidl) is

sol vents. Sukd@BlEnefdipipri nated hydrocarbons listed in VWO 2004/ 058828.
[00120] Final Iy, all polynerization conditions specifically disclosed in WO
2004/026921F'WD 6953 and . B. Pr S|onaﬂﬁﬁppllcatkpn No+

60/ 933, 007, icghyare iNcor pprpat ed) hef ei f ePence,~ay b used in the

processes of t e “or esent kﬁVen ion é d Poly i zati pn Process
[00121] Prefer , the yne izati‘on p accorjdiNng tojthe present
i nvention usin tivators or mu(GE, 1) od (2) in cpnbipatipn with a

transition fretal conpound, Rﬁe eraplly a netabhpyene are solution
processes, Wwhe(@Hp, pol i conduct at tenperatufe of at |east
about 60 C |prefera | east abpuN\80 C/nore preferably of at |east
about 100 C| nore 15 preferablly of| at St about 120 C, nore| preferably at
| east about 140 C. Preferably, the “pol yneri zati on processes accordlng to
the present invention using activators of fornula (1) and/or (2) in

conbi nation as ﬂescrlbed y@lare run,wi-th,a nononer
conver si on t er nat el tepmdtel y from5 to

90% altern ;V@E% al ft rnMer om5 HABO% alfternately from
5to 75% a o 7094 20 Mt@ﬁmnel/ﬁ om5 tqg 65%
alternately tler ngte fro 7\5\'3:? 6020 alterfjnately from
7.5 to 55% .5 tjo; 5 q an lternayely from 10 to 50%

al | percent the t heoretical 9 possi bl e 100% conver si on.

For the pur version is ¢alculated on a
wei ght basip (the actual anount (veig 1 gram pol yner obt qi ned, divided
t hroughl® he—t heoretical ly possi bl.e-amount (again weight in gram of 25

pol ymer if véleteimmuwioreso, Was’?t:jo'rs\ﬁerltfed 1, r8t 9, cpd[)y(mfe)rabms dan, @vanph é,2,8s4,
propyl ene [ ne . is fed
into the rggﬁtr7qgmﬁﬁ%¥%¢1CaPFg)g g pdlyﬁro n?gﬁégg%'ﬁd?ﬁe“ogpgdh '
(assum ng &. ﬂhéoﬁ“ at Sc%,lorﬂmq%eﬁ@m;ewsymﬂ) 4, 'thar & wonvel.si, etnsaé,hi éivécbum a

particul ar ég Py>| ? %1 ClE Im r% ernuor} Vt\llioaphorur %re era?{g r{) Hefth% )(rcg?gen

therefore ted as”'t onver si'on
polypropylenmnbeéomemeddkﬁZRx1BOtQDQﬁ&mSMKWfthemawpfdx:Mﬂth&ug,ohypﬁlyner
are recover tttu% p é)nV Ll’l n OV\DL” d re su#?l%ents[sq dzgl‘opn’alhri Bl (%‘(l)Jl!. aCrol %Stpr ef grr ed
polynerlzatlon proc §%% 3r FRg™P0 PRIERTTY HVRAL AT FREIHEE % Re

fol | ow ng: halqumrmesGl bat, pekly eerd ¢isng!l oﬂcetocﬁzs agytatkyd | @fl IR S9 Cgreelt}earralblly

pr opyl ene, Lion |n conbi nation wth another 0

process conﬂgfgﬁﬁlo%%ﬁ 2% PRy Ol tﬁeS§%bﬁ§mP%§t ‘“ES%Xéﬁtﬁ%agﬁedE“%?&ﬁore
ol efin m)n(nnmgsft Wintahprefeeat @htpdimeny Sheaings deficted innte fnmalat bivat aie s@ffuraidbll‘d’ﬂ‘m a

(1) are,defined above and are a separ te aspect of the present. tion.

br ot or 12D BReEuR B e R B BT O el nEe BPEFER el XMy ar or s
of formula (1) arc al so disclosed above. Preferred activators of formula
(1) and preferred netall ocenes for use in this process are disclosed

her ei nabove. Preferably, in this process the polynerization is conducted in
(honmobgeneous) solution and at a tenperatidire of at |east about 80 C
preferably of at |east about 100 C, nore preferably of at |east about 120
C. The solvent may either be an al kane, or it may be the olefin (propyl ene)
itself. A process for polynerizing one or nore olefins, preferably

propyl ene, optionally in conmbination with one or nore other olefin
conononer (s), the prQCcess conprising contacting under polynerization
conditions one or nore olefin nmononers with a catal yst system conprising a
netallocene and an actlvator of fornula (2) as deflned above mhereln the
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25 density polyethylenes, |ow density pol yethyl enes, pol ypropyl ene and

pol ypropyl ene copol yners, such as inpact and random copol ymers. [00133]

Pol ymers produced by the process of the invention are useful in such
form ng oper aMOGAW 484k i | m sheet, and fiber extrusion ddCEEWEsi on as
wel | as bl ow nol ding, injection nDIdrng and rotary nolding. Filns include
bl own or cast filnms fornmed by coextrusion or by 30 Iam nation, shrink film
cling film stretch film sealing films, oriented filnms. The filns are
useful in spagk, RACKEBHNG, nd1eadYaidUbHilDaGSinIERERTiY: SaEkS mdakadaanst b4 0zen
food packagi ng, nedi cal packaging, industrial liners, nenbranes, etc. in

f 0od- cont actRAF non- f ood contact WD 2010/ 014344PCT/ US2009/ 049528

appl i cati onfossi betig daneditdempiki: FRANNRNGor, SALM bd R tcd Pl INING GradfiGon Bkl
bl own fiber operations for use in woven or non-wven formto nmake frlters

di aper f abr PE®OURHilE danatgdis meviersand dugpesemel g utrad fewis pryer(dened carppidehe

i ncl ude nedigahl Lok N@ses Wiigghatfid f6APHR GA&tiE RESpoRRQ MRIDAANSR, [RARKR *ROMd
liners. Molded articles include single and multi-Iayered constructrons 5in
t he form of d4s&tbef Baeinpbemk soordingeydutist frisxeraiptyid they cartiffibg displaerddariical¢fer s
and toys, e&GmmEQhMﬂﬁﬁﬁmﬁh&hn&gwmmﬁh&Qﬁhﬁ@jwﬁkghhd@ﬂﬂn@%&ﬁ heb%aegaima
adhesi ve applications, particularly for hot nelt adhesives. [00134]I

anot her embbil#sabetver Yrongly sperd palineing es-cegsdinating Lpwispbasasthah yosbe ’@yeci Bm
conpri si ng Gq&iTdAgiidv Ak tga%edr &e&peflrﬂe pROGt BRcAbh] MBE Bfa, 1 BEACHINGARLOS: 10
having the fornmula (1): [R RZR3AHr [Yr (1) wherein [Yr is a

non- coorl@i neerfohynesiaf ofef (’N@N}‘ high caalifiiq AQStEN (Brodyshisisphaide, WiRrcin g of gvelr e
hydrocarby|mQﬁBHRénﬂﬁmﬂ%tﬁéQQ&OQPﬁ&”ﬁé@d%rWQnQ%d&Q&@&?MM&QhﬁHﬂémﬁﬂQn&QQEther
15 forma first, 3- 10- menbered non-aromatic ring with A wherein any
nunber of aMIPERERR arrd(qrgvhﬁem)fer ECSHHYS pYYIIOR arwthMWeaﬂé/Oéhlgatmqlte@swl%he
second, ar of@rred Arm@t hhptdi&y.ring or aliphatic and/or aromatic ring system
of two or nore rings, wherein said at |east one second ring or ring system
is fused to08%ld fihesticqt thagthe ve ofhe pell merdpymedtiensasss vithemdriomst coareision atat

| east one segond.hifg Fo YigdGl e ar Rpm, Ak Q9L Bet & r@#&ﬂ and
may be sgbstggﬁrgéhﬁ gﬁﬁw e%télﬁﬁ Hﬁ] 3 g&br n%re sub@fﬁ ﬁents gl

from t he grituptieomsiabcomppuod aad r«rydlm‘@mﬁ Oétf@rmuldwéll)ogdﬁ) dhoptppeCat Mov @reus

is a hydr ogrg%nggtnt% %?h&%%m%ﬁ% %955% "ér %a@t 4%111 l?e?%s a tC c%mg}%%u@é %ﬁ}% gnseengr oup

t hat connecmgmnengardﬁWMpeﬁMW$mghan@ﬁmgtQBH@HMdTHv(Ibaseﬂbmeqyeeeﬁdmrwhg or
ring syste t system of paragraph 1, wherein Ais

ni trogen, ngV@ﬁu %mgg?&lﬁ %b¥§re a 25 -(CH2)"- group with a being 3, 4, 5
or 6, af®l RB055$ Cl'htffes taeitk\yllth theJresTiteincation psing sgtsr@m QﬁfOpalrlagt)aquh(Zl or

2, wherein [Y t I or a
substitutedka%ﬁwyﬁ%§%54lhlfc wﬂ%?%gpg% bﬁ@ﬁgggg§§yh%#fﬁgﬁ@%M§Fg&gﬁgﬁt|ca
or differ er’rterefandolacrlehrseplemr@df fwl@pmpﬁ@legw@br}ugmnMvstamhgt ofc @hettoneChi@hal kyl ,
C5 to Cl15 ar referal N a nat C C10
al kyl, halo %thétéda ggﬁl@f@q ﬁftﬁﬁgmﬁg %’eengd?ye %%mp AO Eﬂ% E Var m%l,q and
hal ogenat edtct@@tctrmﬁﬂﬁmarcyhaﬁlglyb% Qrapdipls as \aﬂthsMErgencmmdﬂe prefer abI y

perfl uor] n ar nore. refera ent af rophen hept af | uor.o aphthyl
b per t PhonbBebnenyie Vo8 T6S ol daiaBBsabdly BaSEhan AT Rl 86aR08,
syst em of amyrbqnatrcagnrfaqmh&bﬂtvroodrﬂferemhmtreamrbtdfefomnaan611)tamdmr (@1t Bér ccomplound i s a
e o ey Rl SRy ik AL 2L RN LR LaGeneunygr e m
the netal i's a group n%féP dnih “i'R 4 LYY Hi 88<g

substituted«bysohen@rwmﬂﬁ&mﬂub&kmkuemﬁeumeheahedaﬁ@mnn&hed@gaupb@mme(Bt|ng
of a halogen at 10 a C ryl ,
ond’s oot o Mhtubr S Y napa st el herBradit ditet o
fronrthm)gmeupMﬁmhsmstbmgtmh &era&ﬂdnmemhmiqenmykbp@QMﬂdenyh)haﬁmﬂeeme or

- zi rconocenc y bi s(i nden I af nocene,.or rconocene,
e at ot oty g BT P Y ReRHM Ry by arRe e p G Pl i Cone
a rac-di netshyd siclayds deifisdbatdt, pakticunaderiols) sivafaaaarRi(potfitafdirdphondbene, and
racdi net hyl sityl bis(2-nethyl-4-naphthylindenyl) hafnocene or -zirconocene,
or a rac-ethylenyl 10 bis(indenyl) hafnocene or -zirconocene, wherein the
haf nocene and zi rconocene has at | east -tlwe | eaving groups Xi and X2 which
are, independently, hydrogen, hal ogen, hydride radicals, hydrocarbyl

radi cal s, substituted hydrocarbyl radicals, hal ocarbyl radicals,
substituted hal ocarbyl radicals, silylcarbyl radicals, substituted
sitylcarbyl radicals, gernylcarbyl radicals, or substituted gernylcarbyl
radicals; or both X are joined and bound to the netal atomto forma 15
nmetal |l acycle ring containing fromabout 3 to about 20 carbon atons; or both
together can be an ol efin, drolefnror ~aryne Irgand 5. The catalyst systenr
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10 11. The process of any of clainms 6, 8 or 9, or the use of any of clains 7
or 9, wherein [R'AFI]" is trinethylamonium and[YT is

t etraki s(pent af | uor ophenyl ) borate, tetrakis(heptafl uoronaphth borate or
tetrakis (perVWU@F@BFﬁhenyl)borate 12. The process or‘U§@J€%9ﬁﬁiﬁgraph
11, wherein the transition netal conpound is a netall ocene selected from
the group consisting of a rac-di nethyl gernyl bi s(i ndenyl ) haf nocene 15 or
-zirconocene, a rac-dinmethylsilyl bis(indenyl) hafnocene or -zirconocene, a
rac- di met hytesdalhy(hcﬂ@dfsl@%nmtﬂwborém gh@myrkﬂofwmrwac)- tdqﬁftﬂ@ﬂﬁ@ﬁn@éffccﬂibracr@iﬁﬁx%ne,
a rac-dineth |SI|¥ blsg2 nethyllndeH % haf nocene or - |rcono

r ac- di met hyPSFf9TC B8RP He R YA Y HR RV FAAYE AYTIOAE Y Qe oY fle ' fecond

- Zi rconoceneewi9basdhagblbydRayd a RéeHakndenyl ) haf nocene or -zirconocene,
wherei n the_haf nocene and zirconaocene has at |east two | eaving groups Xi

and X2 whi ckhgNan-Looginatingdnion B&Adar agraph 4. 13. The process of any of
par agr aphs @05ﬂ Sn tﬂ-eoeata%lt syRtemd énd 10€ pdIMBerttaforHroREYs &fthEChradeABinventish (YO0,
11, or 12, wherein ymerization is conducted in solution and at a

t enper at ur elngprogtlacy (éh%“td (éb'e gtooggoedingingfaaion KNG Adfhg terme ger-cogkbating gpoe,

nore preferabiny Hf arddn 18A8EcsaRPUbordRBieCGo the metal 4atiockN6f Bfeo&?a'i’y'?‘st of tlﬁl’ﬂ)ﬁo&f
paragraphs 6, 8, 9, 10, 11, 12, or 13, or the use of any clainms 7,

10, 11, 12, cogpdinete @ik et et ReroheycakbinNGrAh aig uully rr‘afﬁvs Ytléfgsﬁ’u%’) ind”>
preferably émwﬂe85%mnhﬂé§th@aag%%QERqﬂQ&&%JWﬂ%H%sQMn@d9&9&@&&m§$&@ﬁQhﬁth0
par agraph 6 or any of ar%%g?phs 8 to 14. EXAWVPLES Poly

Char act &fi ztivgerse gobapd Jaid dnip mest still kespftipepibelabilcdn btﬁlﬁmfﬁé Oy pesptyyated
Al'liance 20Q6hdaRks. CmmerL@lQ hded wihhé FRIHOH MRER sBps kR 6t rAbhbARE Bc2ARR gel
perneati on chromat ograph equi pped with a Waters differential refractoneter
t hat measur®dha Frasigpt mefrbinewoist inde Aushis 1 Bfp a@eytipbtrangon metal compound and
20101014344PCHLISZ00IARARB Bhe | AL it SRR 18Rk Oy dddRutaplovent
containing the fractionated pol yne The system was used at 14

1, 2, 4- Tri chicstrdibe maen e (imgg)y @gm%@mmm degorpipaese ?mplawaw%mmaub zé&i% th

B 250 PPMs Of B ek @k B YT QEYostPL. QQ@EP—(A%)? 008R8d Eb QT B84, u{l"ﬁé} mell

mL./ mn. Three (Polymer Laboratories) PLgel M xed-B colums wereé used. ThIS
t echni que i%iics cesdiagionnc@plgge raomprigedl e $luraligr of supophigic rmdicalyrovalently
6812-6820" whlifRickSo laRE %B%@t eé%nﬂ?eﬁ rc‘ﬁ!lr? @é’arlﬁgfn%'iaqa 3 ?neta[llgqlc%@e] aﬂ-ch §) anions
separation efficiency of the colum setl was cCalibrated using a series of
nar r ow nol eeuPEngepghtitydi eren bigeis @whasra}%qrwem@t@@%@eﬁr@sandvbl@ra@bp reflects
t he expect | ec gp& &i ts of
t he col urmqgoeét@ p 2@3%{\@&’1 elg @%{E@#}?@ ﬁ%dfg{ngﬁﬁg%ﬁéﬂ Pglﬁgldn%qsf rom
Mp -58020 0 an@nteB0 ﬂO@O to vierr i8 ap skt fyc>rgérti<e6,avtwek T fe I0wnakinichy siccton freurvap The
pol ystyr ene ;sfraiqRf (e Wi Sorah! AleREts, b e‘?élhﬁfbéfrﬂi?& R aLat e%?J '(fé W@E%ﬁ% 'VA)
or an equival ent source. To assure At ef na consi st ency, i

corrected faohydaeh boddadbpannbudgnd tdnligilveide bdmkrorlkpedk @I@bwtdﬁ,ohycrrmarﬁyhe
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The nelting and crystallization tenperatures reported here were obtained
during the second heating/cooling cycle. WD 2010/ 014344PCT/ US2009/ 049528
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Unsat uration Type Regi on (ppm Nunmber of hydrogens per structure

Vi nyl 4. 95-5. 102 Vi nylidene4. 70-4. 842 30 Vi nyl ene5. 31-5. 552
Trisubstituted5.11-5. 301 Catal yst Synthesis WD

2010/ 014344PCYPIEPHEE/049528 [00142] Synthetic procedurfé3/(SHYYP9Hg
air-sensitive conpounds were perfornmed in a Vacuum At nospheres drybox

mai nt ai ned under a N2 at nosphere. Anhydrous sol vents were purchased from
Al drich and dried over 2 A sieves. Me3NHCL and N Met hyl pyrrolidine were
purchased f fcaiRifbehedfebrop MR £9HE) ZH[J\@Q(Q.@H% @m&%h@y%fﬁm W krakis-
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in portion tes. After 2 hours the reactlon m xt ure was
filtered t h ve il e
reduced |nn§/(a%ggo ?9 (I)& rl?c% éam% fgmgo (d) ﬁl‘ltﬁclﬁﬁ bé ?Cn% éﬂé& ?‘SCOF [ nnvé%%ho for
12 hour g0t @ngfluectddmlth@ g hoferiprtod utocesstHoNUR p@@mz D’Z}nt®0 @c pper whesh fbis s, |
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was obtained as a white free-flowng solid (21.8 g). The nodified ES-757
(2.0 g) was slurried in toluene (30 m) and reacted wth Activator 4 (107
nmg) for 30 mn. Metallocene A (72 ng) waé-added and allowed to react for 2
hours. The supported catal yst was isolated on a glass frit, washed with
toluene (30 nmLs) and dried in vacuo to yield 1.96 g supported catal yst. 20
Pol ynmeri zation Exanple 1 (see Fin. 1) - Batch Pol ynerization of Propyl ene
[ 001491 T1BAL (triisobutylalum num Aldrich) (0.4 nL, 1.0 Min hexane) was
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under N2 purge. Propyl ene was then added by vol une as neasured from a sight
glass mnth |ncrenents of 10 t uLs. The autoclave was heated to tenperature,
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B rac-di nmet hyl gernyl bi s(i ndenyl ) hafni um di met hyl C Activators:

D met hyl ani | i ni um tetraki s(pentafl uorophenyCbor at e*, [ PhNWe2 HI [B(C6 F5
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activators of formula (1) mentioned in the preceding paragraph also the activators of formula (2)

Szl
Té{ 009/04952

wherein A is nitrogen and all groups R are identically methyl or ethyl, and wherein [Y] is
defined as in the preceding paragraph are preferably used. Again, these activators are preferably

10 combined with a metallocene (e.g. as explained herein below) to form the catalyst systems used
in the polymerization process of the present invention.

Transition Metal Compounds

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

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

compounds according to the present invention.

Metallocenes

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

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

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

following formulae:

X
X, T/ Vi
ll\ / \ i
X, or
wherein M is the metal center, and is a Group 4 metal, preferably titanium, zirconium or

7

Ll

25  halnium, preferably zirconium or hafnium when L, and L, are present and preferably titanium
when Z is present; nis O or [;
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 cthylenyl 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;

-17-



conplex Mv Metal mmol Activity gPP/ mmol nmetal. A1 100 120 10 11.8 3.3
495.0 0.00667 1770.0 A 1 100 120 20 11.3 6.6 495.0 0.01333 847.5 A 1 100

120 20 19.3 6.6 495.0 0.01333 1447.5 A 2 100 120 20 3.85 6.6 495.0 0.01333
288.8 A 2 WO 2010/014344 PCT/US2009/049528

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, tetrahydroindeny! or fluorenyl, which are optionally substituted, in
which any two adjacent R groups on these rings are optionally joined to form a substituted or
5 unsubstituted, saturated, partially unsaturated, or aromatic cyclic or polycyclic substituent;

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

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

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

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

15 [0067] By usc of the term hafnocenc 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, indenc or fluorcne. By use of the term titanocenc
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

- 18-



100 120 20 11.5 6.6 495.0 0.01333 862.5 A 3 100 120 20 5.4 6.6 495.0
0.01333 405.0 A 3 100 120 20 11.6 6.6 495.0 0.01333 870.0 WO

2010/ 014344PCT/ US2009/ 049528 A 4 100 120 20 4.6 6.6 495.0 0.01333 345.0 A 4
100 120 20 13WP Bl0g14¢5 0 PCTIUS2009/049528

Zirconocene Catalysts", Spaleck, W., et al, Organomctallics 1994, 13, 954-963, and "ansa-
Zirconocene Polymerization Catalysts with Annelated 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 hafhium, and the
indenyl may be substituted by one or more substituents selected from the group consisting of a
10 halogen atom, C, to Cyo alkyl, Cs to Cys aryl, Cg 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; arc both halogen or C; to Cs alkyl. Preferably, these
compounds are in the rac-form.
[0070] Illustrative, but not limiting cxamples 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-
butylphenyljindenyl;,  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-
butylphenyljindenyl; 2-methyl-4-[3',5"-di-phenylphenyl]indenyl; 2-ethyl-4-[3',5'-di-
phenylphenyl]indenyl;,  2-n-propyl-4-[3',5"-di-phenylphenyljindenyl;  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-phenylphenyljindenyl; and the like. Further
illustrative, but not limiting cxamples of preferred stercospecific metallocene compounds are the
racemic isomers of 9-silafluorcnylbis(indenyl) metal dichloride, -dicthyl 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.



0.01333 982.5 A 5 100 120 20 6.6 3.3 495.0 0.00667 990.0 A 5 100 120 20 4.4
3.3 495.0 0.00667 660.0 WD 2010/ 014344PCT/ US2009/ 049528 Tabl e | b:

Met al | ocene Activator Mv (g/nmol) M (g/nol) MM M . vtnylenes tn.-sub
vinyls vinyliYOr8Y"H#{DSC) , 'C A H 5/g Cony. %A 1 7,H38/52009/049528

[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-ethylenylbis(indenyl)zirconium dimethyl, and rac-ethylenylbis(indenyl)hafnium dimethyl.
[0072] Ilustrative, but not limiting examples of preferred non-stereospecific metallocene
catalysts are: [dimethylsilanediyl(tctramethylcyclopentadienyl)-(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 Catalvst Svstems

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 Cyy alkyl, Csto Cys

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

=20 -



3,943 1.9 0.07 0.06 1.58 1.89 70.8 23.4 A1 8,169 3,451 2.37 0.1 0.11 1.49
1.99 81.7 27.7 22.4 A1 5,398 2,323 2.32 0.12 0.14 2.28 2.68 84.02 16.6

38.2 A2 10,175 4,648 2.19 0.12 0.29 1.21 1.55 98.1 39.8 7.6 A 2 7,881
WO 2010/014344 PCT/US2009/049528

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
-(CH3).~ group, wherein a is 3, 4, 5 or 6 and form, togcther 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 C1, Cy, C3, 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 Cs 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 sclected 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(theptafluoronaphthyl)borate, or N-mcthylpyrrolidinium tetrakis(heptafluoronaphthyl)
borate. The metallocene is preferably rac-dimethylsilyl bis(indenyl)zirconium dichloride or -
dimethyl, rac-dimethylsilyl bis(indenyl)hafnium dichloride or -dimethyl, rac-ethylenyl
bis(indenyl)zirconium dichloride or -dimethyl or rac-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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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, Rs, R4, Rs, Rg, and Ry are hydrogen, a heteroatom, a substituted heteroatom group, a
5 substituted or unsubstituted alkyl group, and a substituted or unsubstituted aryl group
(preferably a substituted or unsubstituted alkyl or a substituted or unsubstituted aryl group). In a
preferred embodiment R, is hydrogen. In another preferred embodiment R; and R4 are hydrogen.
In another preferred embodiment R; is hydrogen and Ry is C; to Cyy alky! (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 Ry are not methyl. In another embodiment
R; is not methyl. In another preferred embodiment, Rz, R4, Rs, Rg, and R; are hydrogen and R,
is substituted or unsubstituted alkyl or substituted or unsubstituted aryl (preferably methyl). In
another preferred embodiment, R;, Rs, Rs, Rg, and Ry are hydrogen and R, 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 alumoxancs 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-0),, 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,-Cyy alkyl radical, for example, methyl,
cthyl, propyl, butyl, pentyl, isomers thercof, and the like, and “n” is an integer from 1-50. More
preferably, R* is methyl and “n” is at least 4. Methyl alumoxanc (MAO) as well as modificd
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 otherwisc rcact with the catalyst and deactivate it. Typical
15 aluminum or boron alkyl components useful as scavengers are represcented by the general
formula R*JZ, where J is aluminum or boron, R* is a C;-Cyo alkyl radical, for example, methyl,
cthyl, propyl, butyl, pentyl, and isomers thereof, and cach Z is independently R* or a different
univalent anionic ligand such as halogen (Cl, Br, I), alkoxide (OR") and the like. More
preferred aluminum alkyls include triethylaluminum, diethylaluminum chloride, ethylaluminium
20 dichloride, tri-iso-butylaluminum, tri-n-octylaluminum, tri-n-hexylaluminum,
trimethylaluminum and combinations thercof. Preferred boron alkyls include triethylboron.
Scavenging compounds may also be alumoxanes and modified alumoxanes including
methylalumoxane and modified methylalumoxane.

Method of Preparing Catalyst System

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,0O solution) with the amine in hexanes resulting in the immediate precipitation of the

amine hydrochloride. The chloride can be replaced by anion exchange with a suitable NCA
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according to the present invention. Sce references Chemische Berichte, 1955, 88, p. 962, or US
5,153,157 and references therein. Phosphines and ethers are similarly protonated with acids and
can undergo anion exchange reactions to the desired phosphonium salts, 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 thercof. 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 tnorganic oxide, have a
surface area in the range of from about 10 to about 700 mz/ g, pore volume in the range of from
about 0.1 to about 4.0 cc/g and average particle size in the range of from about 5 to about 500

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

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

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

the range is from about 100 to about 400 mz/g, pore volume from about 0.8 to about 3.0 cc/g and
average particle size is from about 5 to about 100 um. The average pore size of the carrier
useful in the invention typically has pore size in the range of from 10 to 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] [n 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

hercinabove according to the mecthods known in the art. Typically a support is first modificd
with reagents that react with hydroxy groups to render these less reactive with the cationic
transition metal complex. Such reagents would include aluminum alkyls such as AlEts, Al'Bus,
etc. Other reagents would include MMAO, MAO, silanes containing Si-H, chloro-silanes of the
15  general formula R,SiCly, Si-OEt compounds, ctc. The activator of formula (1) or (2) can then be
reacted with the transition metal compound, preferably the metallocene, in a separate step and
then supported on the modificd support. Also, the transition metal compound, preferably the
metallocene, can be supported first on the modified support followed by the activator.
Alternatively, the activator is supported first on the modified supported, followed by the
20  transition metal compound (the metallocene).
Monomers
[0091] The catalyst systems described herein can be used for the polymerization of one or
more olefin monomers. Typical monomers inciude 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, viny! norbornene, and ethylidene norbornene monomers,
30 [0092] In onc cmbodiment the process of this invention relates to the homopolymerization of
cthylenc or the copolymerization of ethylene with at least onc comonomer having from 3 to 8

carbon atoms, preferably 4 to 7 carbon atoms. Particularly, the comonomers are propylene,
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butenc-1, 4-methyl-pentenc-1, 3-methyl-pentenc-1, hexene-1 and octenc-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 Cy4 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 C3y prochiral alpha-olefins or Cs to Csg ring containing
olefins or combinations thercof capable of being polymerized by either stereospecific and non-
stereospecific catalysts. Prochiral, as used herein, refers to monomers that favor the formation
of isotactic or syndiotactic polymer when polymerized using stercospecific catalyst(s).
[0095] In another embodiment, the monomer to be polymerized comprises aromatic-group-
20 containing monomers containing up to 30 carbon atoms. Suitablc aromatic-group-containing
monomers comprise at least one aromatic structure, preferably from one to three, more
preferably a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-group-containing
monomer further comprises at least one polymerizable double bond such that after
polymerization, the aromatic structure will be pendant from the polymer backbone. The
25 aromatic-group containing monomer may further be substituted with onc or more hydrocarbyl
groups including but not limited to C, to Cyp 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 Cyg alkyl
groups. Preferred non-aromatic cyclic group containing monomers include vinylcyclohexane,
vinylcyclohexene, vinylnorbornene, cthylidene norbornene, cyclopentadiene, cyclopentene,
cyclohexene, cyclobutene, vinyladamantane and the like.
[0097] Preferred diolefin monomers useful in this invention include any hydrocarbon

10 structure, preferably Cy4 to Csg, having at least two unsaturated bonds, wherein at least two of the
unsaturated bonds are readily incorporated into a polymer by either a stereospecific or a non-
stereospecific catalyst(s). It is further preferred that the diolefin monomers be selected from
alpha, omega-dicnc monomers (i.c. di-vinyl monomers). More preferably, the diolefin
monomers arc lincar di-vinyl monomers, morc 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, ethylidene norbornene, divinylbenzene, dicyclopentadiene or higher ring
containing diolefins with or without substituents at various ring positions.

25 10098] In a preferred embodiment onc or more dicnes are present in the cthylene and/or
propylenc-bascd polymer produced herein at up to 10 weight %, preferably at 0.00001 to 1.0
weight %, preferably 0.002 to 0.5 weight %, even more preferably 0.003 to 0.2 weight %, based
upon the total weight of the polymer. In some embodiments 500 ppm or less of diene is added
to the polymerization, preferably 400 ppm or less, preferably or 300 ppm or less, based upon the

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 cthylene and/or propylene is/are polymerized with at least
two different comonomers to form a terpolymer. Preferred comonomers include a combination
of alpha-olefin monomers having 4 to 10 carbon atoms, more preferably 4 to 8 carbon atoms,
optionally with at least one diene monomer. Preferred terpolymers include ethylene/butene-
5  l1/hexene-1, ethylene/propylene/butene-1, propylene/ethylene/hexene-1,
ethylene/propylene/octene-1, ethylene/propylene/norbornene and the like.
[00100] More preferably, the process of the present invention is for the polymerization of
propylene to form homopolypropylene or together with another monomer, preferably ethylene,
to form propylene copolymers.

10 Polvmerization Processes

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

decrease more than 5 % for each further 5 % of monomer conversion. Increased conversion can
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be achicved by mcans 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 dirccted 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-linc. 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 modificrs arc added continuously to a single rcactor or in scrics 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
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[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
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
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, ¢.g. by using low
monomer concentration in the feed or long run times, by using a higher catalyst concentration,
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
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.
Morec substituted metallocenes may show this cffect with highly coordinating amincs.

[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 Polymerization

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

bed in the presence of a catalyst under reactive conditions. The gascous stream is withdrawn
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from the fluidized bed and recycled back into the reactor. 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 Polvmerization

[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 onec 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 scrics, parallel, or combinations thereof. Non-
limiting examples of slurry processes include continuous loop or stirred tank processcs. Also,
other examples of slurry processes are described in U.S. Patent No. 4,613,484, which is herein
fully incorporated by reference.

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

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

Homogeneous, Bulk, or Solution Phase Polymerization

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

mixture, or 400 ppm or less or 300 ppm or less. In other embodiments at least 50 ppm of
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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 2004/0588258.

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

Preferred Polymerization Process

[00121] Preferably, the polymerization processes according to the present invention using
activators of formula (1) or (2) in combination with a transition metal compound, preferably a
metallocene, are solution processes, wherein polymerization is conducted at a temperature of at
least about 60 °C, preferably at least about 80 °C, more preferably of at least about 100 °C, more
preferably of at least about 120 °C, more preferably at least about 140 °C. Preferably, the
polymerization processes according to the present invention using activators of formula (1)
and/or (2) in combination with a metallocene as described above are run with a monomer
conversion of from5 to 95%, alternately 5 to 95%, alternately from 5 to 90%, alternately from 5
to 85%, alternately from 5 to 80%, alternately from 5 to 75%, alternately from 5 to 70%,
alternately from 5 to 65%, altcrnately 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 propylenc has a density
of 0.52 g/mL, if 100 mL propylenc monomer is fed into the rcactor, theorctically 52 ¢
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) polypropylenc recovered /52 g) x
100%. So, for example, if 5.2 g of polymer are recovered, the conversion would be 10%.

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

include the following:
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- A process for polymerizing onc or more 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 discloscd hercinabove. Preferably, in
this process the polymerization is conducted in (homogeneous) solution and at a
temperature of at least about 80 °C, preferably of at least about 100 °C, more preferably

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

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

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

20 trimethylammonium tetrakis (heptafluoronaphthyl) borate. Particularly preferred
metallocenes in combination with this preferred activator of formula (2) are rac-
dimethylsilyl bis(indenyl) zirconium dimcthyl and -dichloride, rac-dimethylsilyl
bis(indenyl) hafnium dimcthyl, rac-cthylenyl bis(indenyl)zirconiumdimethy! 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 homogencous) 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%, morc preferably from S to 85%, and more preferably from 5 to 50 %, the
conversion being calculated based on the amount of monomer in the feed and the amount

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

Polvmer Products

5 [00123] The polymers produced herein include homopolymer and copolymers of ethylene

and/or propylene with optional other monomers. The polymers are obtainable by the processes
as described above. Preferably, the polymers are propylene-based polymers, optionally with
ethylene and/or other alpha-olefin comonomers being present.

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

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

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

20 activator in combination with 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.

25 [00125] The polymers of the invention generally have an Mw (weight average molccular
weight in g/mol) of at lcast about 10,000 preferably of at lcast 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 [east 120,000, more pretferably at least 130,000,
more preferably at least 140,000, and more preferably at least 150,000.

30 [00126] The polymers described herein generally have an Mw/Mn (polydispersity, PDI,
MWD) of between | and 20, preferably from [.5 to 15, more preferably from 1.6 to 10, more

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

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

[00129] The polymers of the present invention, generally have a density in the range of from
0.86g/cc to 0.97 g/cc, preferably in the range of from 0.88 g/cc to 0.965 g/cc, more preferably in
the range of from 0.900 g/cc to 0.96 g/cc, even more preferably in the range of from 0.905 g/ce
to 0.95 g/cc, yet cven 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 %
propylene, preferably at least 60% propylene, alternatively at least 70% propylene, alternatively
at least 80% propylene.

[00131} In another preferred cmbodiment 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
preferably from 0.2 to 10 mol%, based on the entire polymer.

Applications and End-Uses

[00132] The polymers produced by the processes of the invention are useful in making a wide
variety of products and useful in many end-use applications. The polymers produced by the
processes of the invention include lincar low density polyethylencs, clastomers, plastomers, high
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 cocxtrusion or by
lamination, shrink film, cling film, stretch film, sealing films, oricnted 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

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

with low molecular weight can also be uscd for adhesive applications, particularly for hot melt

adhesives.

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

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

[R'R’RPAH] [YT, (1)

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

A is nitrogen or phosphorus,

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

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

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

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

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

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

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

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

2. The catalyst system of paragraph 1, wherein A is nitrogen, R' and R* together are a
25  -(CHy)a- 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 [YT 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 arc sclected from the group consisting of C, to Cyg alkyl, Cs to C;saryl,

a halogen atom, preferably fluorine, halogenated C; to Cip alkyl, halogenated Cs to Cys aryl,
30 halogenated Cs to Cs alkylaryl, and halogenated Cs to C;s 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 Cyy alkyl, Cs to Cs aryl, Cs to Cys arylalkyl, and
5 (g to 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)
hafnocenc or -zirconocene, a rac-dimethylsilyl bis(2-mcthyl-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-ethylenyl

10 bis(indenyl) hafnocene or -zirconocene, wherein the hafhocene 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):

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

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

and the groups R are identical or different and are a C; to C; alkyl group,
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wherein at a given reaction tempcrature 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 &, or the use of paragraph 7, wherein the one or
5 more olefins are alpha-olefins, and preferably propylene, optionally in combination with another

alpha-olefin.

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

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

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

I5 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)
hafhocene or -zirconocene, or an ethyleny! bis(indenyl) hafnocene or -zirconocene, wherein the
hafnocene and zirconocene has at least two leaving groups X, and X, which are as defined in

20 paragraph 4.

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

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

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

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

EXAMPLES

Polvmer Characterizations

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

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

with a Waters differential refractometer that measures the difference between the refractive
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index of the solvent and that of the solvent containing the fractionated polymer. The system was
used at 145 °C with 1,2,4-Trichlorobenzene (TCB) as the mobile phase that was stabilized with
~250 ppm of butylated hydroxy toluene (BHT). The flow rate used was 1.0 mL/min. Three
(Polymer Laboratories) PLgel Mixed-B columns were used. This technique is discussed in
5  "Macromolecules, Vol. 34, No. 19, pp. 6812-6820" which is incorporated herein by reference.
[00136] The separation efficiency of the column set was calibrated using a series of narrow
molecular weight distribution polystyrene standards, which reflects the expected molecular
weight range for samples and the exclusion limits of the column set. At least 10 individual
polystyrene standards, ranging from Mp ~580 to 10,000,000, were used to generate the
10 calibration curve. The polystyrene standards were obtained from Polymer Laboratories
(Ambherst, MA) or an equivalent source. To assure internal consistency, the flow rate was
corrected for each calibrant run to give a common peak position for the flow rate marker (taken
to be the positive inject peak) before determining the retention volume for each polystyrene
standard. The flow marker peak position thus assigned was also used to correct the flow rate
I5  when analyzing samples; therefore, it is an essential part of the calibration procedure. A
calibration curve (log Mp vs. retention volume) was generated by recording the retention
volume at the peak in the DRI signal for each PS standard, and fitting this data set to a second
order polynomial. Polystyrene standards were graphed using Viscotec 3.0 software. Samples
were analyzed using WaveMetrics, Inc. IGOR Pro and Viscotec 3.0 software using updated
20  calibration constants.
Differential Scanning Calorimetry
[00137] Peak melting point (Tm) and pcak crystallization temperaturc (Tc), glass transition
temperature (Tg), and heat of fusion (AH) were determined using the following procedure
according to ASTM D3418-03. Differential scanning calorimetric (DSC) data were obtained
25 using a TA Instruments model Q100 machine. Samples weighing approximately 5-10 mg were
sealed in an aluminum hermetic sample pan. The DSC data were recorded by first gradually
heating the sample to 200 °C at a rate of 10 °C/minute. The sample was kept at 200 °C for 5
minutes then cooled down to -90 °C at a rate of 10 °C/minute before a second cooling-heating
cycle was applied. Both the first and second cycle thermal events were recorded. Areas under
30 the endothermic peaks were measured and usced to determine the heat of fusion. The melting
and crystallization temperatures reported here were obtained during the sccond heating/cooling

cycle.
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pre-filter i equently through a 0.1 mcron Teflon filter. There was
an addi ti orqaé14onl ilH&H@RHdWE@(ﬂ cBk@stithEr@odrh kdh@erabirdad IMDTT @6t p-ﬁﬂfols@rbffﬂd ter
assenbly be meeﬂ @Hf t% pressure glgﬁ)and SEC colums. The T W?s t hen
degassed wWTH"a 18 f‘&éah%éér (PEARS HOWE AeSeriapseRet mrr%efmrsle)* Bytorea

ent eri ngot MeqREGy oP@l iyABeR0EPIH i TS wieFcEorBéERaiedmbBYmPhamlsB Gvigth of RSICY REr i N

a gl ass contai ne addi ng the desired anDunt of TCB, then heating the
Ti Xt Ure at SLBOE Y RIGBRE iU g@r%ﬁrgoﬁ AR RSt G VAT niggtei ti es

were measursgd gy avhseetori &@AtdrytlonTtkvgcsT&B 1den %mbbreswagsemcura%dew ERES IR the
pol ynmer concggtratron in mass/volume units were 1. /M. at room
t enper at ur & ﬁ“ﬁ“%?ﬂbéﬂﬁﬁ)éWifg§@%‘$ﬁé®ﬂﬁﬂ§b@?6%”2@”@8h8@ﬁ??%?1dﬂnﬂﬁﬁged

from1.0 thrzuereargf armdm\grﬂsdroddpmrbers&nﬁemraea L[Q&Ss hei ngogsed for hi gher
nol ecul ar wei | es. [00155] Branchrnggrn ex in these exanples wa

sanp
measur ed® udfH: llseéhwotlrrmarr Bt r?arélbvr%é%e P ysEry/dgincy g lr“sb‘rté(if‘fé‘r Ehéd as
g at eaChﬁﬂQh%&g%@ﬁmM§kﬁH§ in the SEC trace. The branching index g' is
defined as: 259 - rib hi where Ib is the intrinsic viscosity of the
br anched péﬁ%ﬁ%&ﬂﬁﬂﬂiﬂi Regiom@pmht 1 j nsNembsrofbxdroasnygcr glryciuidar pol yner  of
the same vré@%srty avera9885ﬂﬂlecular wei ght (Mf) as the branched pol ymer.
tit = KM, Kodifehecc were $dred val ues for |iRear polymers and shoul d be
obt ai nedd oY A& s ame SEC5@Rﬁ5éS-V18 i nstrunent as the one used for
branchi ng iTadextiHEdsur emeht-5-3or 30 pol ypropyl ehe sanples in these
exanpl es, K=0.0002288 and a=0.705 were used. The SEC- DRI-LS-VIS net hod
obvi at es t k@tHesdvithesisorrect for pol ydi spersities, since the intrinsic WO
2010/ 014344PCT/ US2009/ 049528 vi scosity and the nol ecul ar wei ght were
measured at individual elution volunes, which arguably contain narrowy
di spersed pol yner. Linear polyners selected as standards for conparison
shoul d be of the sane viscosity average4hol ecul ar wei ght, nononer content
and conposition distribution. Linear character for polymer containing C2 to
Cl O nmononers is 5 confirmed by Carbon-13 NWVR using the nmethod of Randal
(Rev. Macromol. Chem Phys., C29 (2&3), p. 285-297). Linear character for C
11 and above nononers is confirmed by GPC anal ysis using a MALLS detector.
For exanple, for a copolynmer of propylene, the NVR should not indicate
branchi ng greater than that of the co-nononer (i.e. if the conononer is
but ene, branches of greater than two carbons shoul d not be present). For a



10 the GPC shoul d not show branches of nore than one carbon atom Wen a

| inear standard is desired for a polynmer where the conononer is C9 or nore,
one can refer to T. Sun, P. Brant, R R Chance, and W W G aessley

Macr onol ecul e¥0 XY 34, Nunber 19, 6812-6820, (2001) ﬁfanSfﬂ"?J?&%?éls on
determ ni ng standards for those polyners. In the case of syndiotactic

pol yners, the standard should have a conparabl e anobunt of syndiotacticity
as neasured by Carbon 13 15 NMR The viscosity averaged g' was cal cul ated
using the f gohp ngynﬂﬁﬂatpr&ﬂdur&vhﬁvom%r alr@emu&etmppmdymérecgéaﬁﬂﬂ@cr atipn in
the slice i_in the polynmer peak, and ]h is the viscosity of the branched
pol ymer in YRGUEE émwhcrfe dshroy mntﬁg%@kundam Neetnesrheie %@Pﬁ%‘f“‘a\?@r@"&gé‘tﬁ’fe

mol ecul ar Weirgited ffors Wld‘r%h'an@ﬁm&d"&ve[?g'/yWcspWNH@@§M RAvidNy1hir@iitine were
scattering, K and a are as defined above. nerization anple 2 (see

Fins. 2a, 2Byrchasedofiem il pileyigriodiMsn deﬁ CFH«S affsshMe:] B Heichesah &iog

pol yneri zat B&ndd@rrs@@mm& MR, éeﬂmzmugzusw@,t |sfyﬁtﬁéithe@-n|éb rggaded: il the art.
polynerlzatlons were perforne filled, single-stage continuous

react or systi@mlBre’s }4eé‘311\8\f1€2%£§((a01ﬁ)45 Iali‘dc ENalER (GiokDdsyere puaghased e dvace
reactor andD&@%neﬁﬂhﬁﬂﬁﬂBM%Phd%n&Fmﬁﬁ@Jﬂﬂﬁ«M@&SQeQQth&Qé%%%@ﬂb&&ﬁk'

element with a tenperature contro pressure controller

Sol vents, ph@isiingnuithespleehsivsnsedingks aamplestre peeited dthpfollga@s ng t hr ough
a three- col vReRubhfbSah k@RKiS §&gﬂbﬂ)hgl Yokl cation system consisted of an
Oxi cl ear columm %Nﬁa [ # RGPQ% 500 Tr E abclTear) foll owed géca 5A and a 3A
nol ecul df sW@V@lcdﬂﬁﬁﬁFﬂFﬂk@ﬂﬁéaiﬁbhné@ﬂhﬁﬁsdﬁé¥§fNéd@ﬁéﬁb? bt pobicetal | y
whenever th@&serml% R%|id SROeHOT (0149Weh 38GhdIY hhYad@ld BUY LR AikiBR in @&hbnt he
3A and 5A nol ecul ar si eve columms were regenerated in-house under

ni trogen atovar Keminpisprgde swacfion iktupegesctiapiiion 1xhagrs and sigeBltgredioygh amiésb frit

nol ecul ar  sjgy e EIhRlc VRS, @Mf&hﬁ&ﬁgﬁﬁﬁQﬂhﬁjQﬂk&ﬁny&%d Clo8AE hikOl AN aS

regenerated in the original manuf acture. Ethyl ene was dellvered as a gas
sol ubi | i zedrpduct Wes dteidiih webus Grvielmut apoieto ydlk 2 dreeof PTerect. BOMR (Q@:D:)
2010/ 01434 / 4 rified solvents and nononers were then
chllledZ}§ %P§J6g§%%%?%? %§§ggg ng through a chiller before being fed into

t he reactorﬁmhmmﬂgmn@nmmnmﬁbﬂhﬂLﬂh@ﬂEhnlmﬂmlhnﬂgners were mxed in the

mani fold a r, el { w.r at es
wer e neasugg% g tf]g?ro ng@€1%Q%§§§Q ﬁ%%ﬁ%%é%?%Mqﬁoﬁﬁg&g&k&%ﬁgﬁm o ih
Coriolis- twﬂ%h&KBWDﬁﬁgeﬁsrmﬁmp@ﬁIBH@ngheMmmmmhamﬁames'ﬂenemmpenamnmw&med
with an actdvat.or 0 ent i.n entlon
or a corrparfl 6{ Ie\sl eow(;jl &8 abb? d ﬁ\ (hg?lt rP{)eFlo‘g/ %)trat%‘e Ieguc]@d 11 gvaEu{o ppoduttst syas do drlec}/ inp
preactlQatedmﬁamahysmngmﬂpﬂd@n@mamnk@piuwnyahiNNHI«XHHMDSQbare&wm&hbgi.5
ppm wat er ol gg was fed into reactor by a nmetering punp through a
separ at ed | ifHe>5t Ay st and nmononer contacts t ook pl ace in the reactor. 10
[001581 As NMcthypiyErbliginisaveREecnta@blopibnydbottatel - n- oct yl al um num (TNOA) (25

%in he Si dric diluted in 22.8 k|| ran10f i sohexane.
The TNOA sgﬁl@t‘mon %thgpés?‘é'l#] ‘%‘ @Yélﬁ?’“'@‘o‘i‘ G &P E‘;‘?Pﬁrﬁgg?’md EFPHHYS %@ﬁ%y
b:c anket . Th@dr@&llbﬁﬂgﬁdﬁhh\lt\ﬁ@ Hee IE/DTEQ?) lin p@it@mﬁrnezlg‘sul@rrg d’o}%lﬂ@rddﬂ&tileas&b?tbﬂhQO%
of cons nd then_a new bat ¢l [ epar e fe es of the
TNOA sobti itsh e & aéﬁuaswefaetmpxﬁf#@ﬁaﬁ%? (B & & Crio™88 v”é%g(g?b‘j’[vﬁ‘g) %I Her 15
m nute to aehiceMeetinBaxiobhegadralntsSolRAAtiBIdF Y, E{O0L2Q12. Q_@ﬁm{oﬂ)ax%schl’ddé@ts
first prepared by continuously N2 purging %t.g maxj mum al | owed tqu ture
t hen punpi Y TEGRBREREC é{H&Pr%‘Blé\?b“ﬁd@r‘m%‘BT*’ut‘Ai 6h P?Hfbl‘ilg FeRE Rl RISHET B 16y
for at | easto@he: feuric YooQeRIISCand Gatabyst figatullRbs ineikeo toh@dld hethil nt o
the reactor for_polynerization. Once the activit establ i shed and the

was
syst em r eactEd BGRrIGHrTaMIct Re2al fPediosr ey f’%éa‘ rafa@u%eﬂé\%%i (akiRy
operati an @fphhessystenmpundeimthg), estakl 2 ghad2gondif b ow 1, @fﬁn@- 4tipme period
of at | east Flve tlnes of nmean residence tine prior to sanple collection.
The resul t ifg ) liniyp trakinthepiatinose-2paphdivhberate pol yner and unreact ed
nononers, was coIIected in a collection box. The collected sanples were
first air-dried in a hood to evaporate nost of the solvent, and then dried
in a vacuum oven at a tenperature of about 90 C for about 12 hours. 25 The
vacuum oven dri ed sanples were wei ghed-#d-obtain yields. Al the reactions
were carried out at a pressure of about 2 MPa. [001601 Exanple 2
denonstrates the pol ynerization of propyl ene using rac-
di met hyl si | yl bi s(i ndenyl ) haf ni um di net hyl, see Figures 2a and 2b. The
net al | ocene was pre- activated with an activator at a nolar ratio of about
1:1 in toluene: The activators used were (1) 30 N, N-di met hyl anilini um
tetraki s(pent afl uorophenyl )borate (conparative, obtained from Al bemarle),
(2) NESNH tetrakls(pentafluorophenyl)borate and (3) NESNH

M T 4 B T a N I T L




66.8 67 65 55.1 37.9 Mh (kg/nol) 10.49 14.85 22.19 39.01 63.83 Mv (kg/ mol)

25.24 32.70 47.32 74.32 121.36 Mz (kg/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
113.9 122.6 1982810884 Tg (C) -12.2 -8.4 -8.5 Heat ofPHIISPUNPIRg)

[00146] N-methylpyrrolidinium hydrochloride (0.50 g, 4.1 mmol) was dissolved in 100 ml
dichloromethane at room temperature. Solid NaB(2-CoF7)4 (4.3 g, 4.1 mmol) was added to the
reaction mixture in portions over 10 minutes. After 1 hour the reaction mixture was allowed to
settle for an additional hour and then filtered through a glass frit to remove NaCl. The light
5 amber-colored filtrate was reduced in vacuo to yield a tan solid. The product was dried in vacuo
an additional hour at 50 °C and the final yield was 4.3 g.
[00147] 'H NMR (C¢Dg) 8 ppm: 8.6 (brs, 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 Svnthesis

10 rac-Dimethylsilyibis(indenyDhafnium dimethyl/

trimethylammonium tetrakis(pentafluorophenylborate 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
1S hours at ambient temperature. Solid was collected on a glass frit, washed with hexane and

15 dricd 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 mi) and reacted with Activator 4 (107 mg)
for 30 min. Metallocene A (72 mg) was added and allowed to react for 2 hours. The supported
catalyst was isolated on a glass frit, washed with toluene (30 mLs) and dried in vacuo to yield
1.96 g supported catalyst.

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

[00149] TIBAL (triisobutylaluminum, Aldrich) (0.4 mL, 1.0 M in hexane) was addedtoa 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 complecte, 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 Ny purge. The polymer was dried in a vacuum oven at 70 °C for 2 to 3

30 hours.
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51.6 69.0 71.8 84.3 88.2 Viscosity 4 190 C (nPa.$) 534 1090 4210 24500
128300 Catalyst activity (kg polyner/g netall ocene) 42.09 42.21 40.95 34.72
23.88 Table Propyl ene pol ynmerization usin )

di met hyl si |yl Hiosz(’wwﬁhyl ) haf ni um di met hyl / Me3HN T/US2009/049528

10t et r aki s( hept af | uor o- 2- napht hyl ) borate Exanple # 2-6 2-7 2-8 2-9 2-10
Pol yneri zation tenperature (C) 120 110 100 90 80 Metall ocene feed rate
(moUm n) 6.1E-07 6. 1E-07 6.1E-07 6. 1E-07 6.1E-07 Conversion (% 80.8 80.3
83.2 67.8 3fobsoyh (tkgmbmligceddd. £ abbvaldes 26:d6i@ 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(indenyhhafnium dimethyl A
rac-cthylenylbis(indenyl)zirconium dimethyl B
rac-dimethylgermylbis(indenylyhathium dimethyl C
Activators:

Dimethylanilinium tetrakis(pentafluorophenyl)borate*, [PANMe,H] [B(CoF3)a] 1*
Trityl tetrakis(pentafluorophenyl)borate®, [(CeHs)sC1' [B(CsFs)] 2%
Tri(n)butylammonium tetrakis(pentafluorophenyl)borate*, [nBusNH] * [B(CsFs)s]" 3%
Trimethylammonium tetrakis(pentafluorophenyl)borate, [MesNH] ™ [B(CsFs)a] 4
N-methylpyrrolidinium tetrakis(pentafluorophenyl)borate [MePyrH] ™ [B(CgFs)4] 5
[H(OEW), | [B(CeFs)a]” 6
Dimethylanilinium tetrakis(heptafluoronaphthyl)borate™, [PhNMe;H] ~ [B(CoF7)4]" 7*
Trimethylammonium tetrakis(heptafluoronaphthyl)borate, [Me:NH] " [B(CoF7)4]” 8
N-methylpyrrolidinium tetrakis(heptafluoronaphthyl)borate, [MePyrH] " [B(CoF7)a] | 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 la and 1b, in particular:
Run | (comparative): A-1
Run 2 (comparative): A-2
Run 3 (comparative): A-3

10 Run4: A4
Run 5: A-5
Table 1a:

) Activity
propvienc| Run | Run Polymer | Metal | Metal Metal PP/

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

C | min o mg Mw

S metal,

100 120 | 10 11.8 33 495.0 0.00667 | 1770.0
100 120 | 20 11.3 6.6 495.0 10.01333 847.5
100 120 | 20 19.3 6.6 495.0 10.01333| 14475
100 120 | 20 3.85 6.6 495.0 j0.01333} 288.8
100 120 | 20 [L.5 6.6 495.0 0.01333 862.5
100 120 | 20 54 6.6 495.0 0.01333| 405.0
100 120 1 20 11.6 6.6 495.0 [0.01333 870.0

A A AP
wlwlo|ol—=—=]—
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25.36 28.46 Mv (kg/nol) 29.22 48.21 51.61 95.14 147.79 Mz (kg/nol) 54.58
91.20 94.39 173.59 272.41 g'vis 0.88 0.91 0.93 1.00 1.03 Tc (© 53.1 72.0

77.7 92.8 98.1 Tm
WD 2010/ 01434¥OEH0
82.3 Viscosity (2i

&% 96.9 111.2 116.2 130.2 137.6 Tg (Q -10.4 -8.9 -8.9

4091049528 Heat of fusion (J/g) 43.%TEE2WIEESE 75 1
190 C (nPa.$) 805

A 4 100 120 20 4.6 6.6 495.0 10.01333 345.0

A 4 100 120 | 20 13.1 6.6 495.0 10.01333 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 10.00667 660.0



4105 5516 74830 345000 Catal yst activity (kg polymer/g netall ocene) 37.70
37.47 38.82 31.64 16.10 Table 4c. Propyl ene pol ynerization using

di met hyl sil yl bi s(i ndenyl)hafniumdi methyl / N N dinmethylanilinium

t et r aki s( pent ¥0 B’fﬂbﬁﬁ%nyl )borate (conparative) Exanpl e BTASIP/8058 513
2-14 2-15 2-16 2-17 2-18 Pol ynerization tenperature (C) 130 120 110 100 90
80 70 60 Metal locene feed rate (nol/mn) 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 Table 1b:
. Mw | Mn |[Mw/| . . . - I AH,|Conv.
Metallocene |Activator (e/mob|(e/moD)| Mn vinylenes| tri-sub |vinyls| vinylidenes (DoiC) ve | %
A 1 7,508 {3,943 | 1.9 0.07 0.06 | 1.58 1.89 70.8 234
A I 8,169 | 3,451 12.37 0.1 0.11 | 1.49 1.99 81.7 127.7] 22.4
A 1 5,398 1 2,323 12.32( 0.12 0.14 | 2.28 2.68 84.02116.6| 38.2
A 2 10,1751 4,648 | 2.19] 0.12 0.29 | 1.21 1.55 98.1 13981 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 | 4376 1221 0.12 0.02 | 1.14 1.9 94.7 | 35 | 10.7
A 3 7,571 | 3,345 12.26] 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 1.71 100.640.6 | 25.9
A 5 15459 | 7067 | 2.2 0.08 0.05 | 1.07 1.15 104.2]160.3| 13.1
A 5 13520 6670 | 2 0.13 0.12 | 1.03 1.42 102.3159.8] 8.7
Table 2a:
Metallocene | Activator ng}ﬁfne’ tgl;lg, t%gg, s?éﬁng i\fg;;. C(lfrf[;?éx X;tg} glg;/tg;;}:ﬂ
) °C | min ’ mg Mw Metal.
A 6 100 120 | 20 1.3 8.0 495.0 10.01616 80.4
A 6 100 120 | 20 6.33 3.0 4950 10.01616 3917
A 7 100 120 | 20 10.36 33 495.0 10.00673 |1 1540.0
A 7 100 120 | 20 8.05 33 495.0 |0.00673| 1196.6
A 8 100 120 | 20 11.44 3.3 495.0 10.00673 | 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 10.00673 ] 1097.0
A 9 100 120 | 20 4.55 33 495.0 |0.00673 676.4
A 7 200 120 | 20 3.64 33 495.0 10.00673 541.1
A 7 200 120 | 20 35.1 33 495.0 10.00673| 5217.6
A 8 200 120 | 20 14.83 33 495.0 10.00673 1 2204.5
A 8 200 120 | 20 19.75 33 495.0 10.00673| 29358
A 8 200 120 } 20 26.81 3.3 495.0 10.00673 ] 39853
A 8 200 120 | 20 25.51 33 495.0 10.00673 | 3792.0
B 8 100 120 | 20 42.94 2.3 3772 10.00610 [ 7042.2
B 8 100 120 | 20 49.94 2.3 377.2 | 0.00610 [ 8190.2

- 46 -



108.6 89.9 M1 (kg/mol) 3.12 6.13 15.59 37.87 Mwv (kg/nol) 10.25 16.35
32.35 79.08 M (kg/mol) 153.99 28.41 52.22 132.39 , o'vis 1.09 0.95
0.93 0.95 Tg (O 32.339.9 49.3 59.6 68.4 81.6 91.7 97,8

WO 2010/014344 PCT/US2009/049528
C 1 100 120 | 20 7.02 3.6 5393 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 | 4704
C 4 100 120 | 20 4.46 3.6 539.3 | 0.00668 | 668.1
Table 2b:
Metallocene|Activator] Mw Mn | Mw/ jvinylenes| tri-sub |vinyls [vinylidenes| T, |A H [Conv.
(g/mol)|(g/mol)| Mn (DSC) | Vg | o
°C
A 6 10,0561 1,205 | 834 | 0.17 0.15 | 1.49 34 97.8 1383 2.6
A 6 8,460 1 1,665 | 5.08 | 0.17 0.13 | 1.49 29 91.6 [3721 125
A 7 16,5711 5593 | 2.96 0 0.03 | 0.87 (.26 93.3 1453 205
114.4
A 7 20,8071 7,192 | 2.89 | 0.07 0.11 | 1.63 0.35 103.5 149.5] 15.9
115.7
A 8 20,7951 7,628 | 2.73 1 0.04 0.08 | 0.99 0.41 572 14471227
96.1
110.1
A 8 20,9471 7,629 | 2.78 | 0.04 0.01 | 0.77 0.46 58.7 (4321 7.6
87.2
A 9 27408 | 14263 | 1.92 | 0.02 0.07 | 1.05 0.39 105.1 159.5] 146
A 9 28807 | 157011 1.83 | 0.04 0.07 | 0.69 0.34 1145 152.91 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 02 |[226 0.34 89.9 147.9| 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| 147
63.5
112.7
137.9
A 8 28021112514 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 | 164431 2.03 | 0.06 0.08 | 0.8 0.27 111.4 | 67 | 265
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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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/Q) 19623635644556561267773.3
Viscosity (d; 190C SnPa $) 43.1 85.3 131 311 877 3660 31100 Cat al

activity (kg POQNWELF*Yy netal l ocene) 10.95 12.13 13.05 FETER2HY0H% 13 24

16.08 13.31 5

111.9
B 8 5052 | 1305 | 3.87 | 0.26 035 | 1.0S 3.74 85.0
B 8 5527 | 1243 | 44 0.26 0.31 | 1.01 3.56 98.9
C 1 7100 | 2274 | 3.12 | 0.07 0.05 ] 1.94 2.6 104.1 [55.2] 13.9
C 1 8789 | 2634 | 3.34 | 0.02 0.01 | 1.92 291 944 [50.7] 5.8
C 4 9028 | 3715 | 243 | 0.14 0.04 | 1.61 2.11 101.8 |55.1] 6.2
C 4 9889 | 4282 | 231 | 0.13 0.1 | 1.39 1.75 103.1 160.8] 8.8

Table 3 (supported catalyst system - slurry polymerization):

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

5 [00152] For following examples 2-4, the following characterization procedurc 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 scattcring, and viscometer detectors. It used three Polymer Laboratorics
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 [aser diode light

15 source, and an array of three photodiodes placed at collection angles of 45°, 90°, and 135°. The
streamn 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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Pol ynmeri zati on Exanple 3 (see Figs. 3a, 3b) - Continuous Polynerization of
Propyl ene 1001611 Exanple 3 denonstrates the pol ynerizati on of propyl ene
usi ng racdi net hyl sil yl bi s(i ndenyl) zirconiumdinmethyl, see Figures 3a and
3b. The netal“@ﬁ%W@‘&é% pre-activated with Me3NH PCT/US2009/049528

tetraki s(heptafl uoro-2-naphthyl) borate at a nolar ratio of about 1:1 in 10
tol uene. The sane general polynerization procedure described above in
Exanpl e 2 was used, and detail ed pol ynerization conditions and sonme of the

anal ytical gptarfco¥isdoRter isad Bight@ehdeade ivﬂcdnkbﬁ&@auﬁﬁisycﬂfﬁbhlz‘ﬂis&cﬁdk expopli@s are
listed in Table 5a. For all the polynmerjzation %sohexan feed rate

was 80 mi / niH COPPEHYE RHEcapeatesgrreciiase Y. ea@%“?ﬂer?“g HEAB M YR B W ed

rate was 7. 83BEuctrd. WAt @hiidier ASasGRIPRNGLI P& s e aftplaesss Habdi@dbankited §hdrhe
pol yneri zati on conditions 15 and sone characterlz t|on data for

pol ypr opyl ePSIoReRrEEgn dsitie sifeef dierhsd sy sy Bidd (ersrtelmyasyure-wie viscometer

2010/ 014344 R4 ddSRODY BAR 5eiBitid hddCPidh DRI Hatschwrl TRE @&6ilsl ofeiebsMididttors as well
di met hyl ani l'i ni.umtetraki s(heptafluoronaphthyl) borate at a nolar ratio of

about 1:1 i# el E?é'ﬁ@t‘O‘*FéﬁV%b@é described bypfesisipare ol gneHraut }-dh {dengsgend

rac- di met hylysiw Yd:-Ris§&y, REemyHbho Bdul1& ONb 1L i nReindbyt {9, MEBNE20, (2001), incorporated
stetraki s(hept af | uor o- 2- napht hyl ) borat e Exanple # 3-1 3-2 3-3 3-4 3-5

PoI yrrerl zat 150 Pefisist-ure (C) 120 110 100 90 80 Conversion (% 88.1 82.1
4 64.3 5?0%41(3 éo@cnﬁ%orothéglizi Zx%eﬁmgkg \8&89}@‘6}31['6-6%}( Gﬁdﬂg 61gr%s %f Jblat?yiﬂed124 7

132.6 T% (C Heat of fusion %
ydroxy tol uene (BHT) as an antioxidant to a 4 liter bottle of ,2.4 tr1ch10r0benzene (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 degasscr (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 mixturc at 160°C with continuous agitation for about 2 hours. All quantitics were
measured gravimetrically. The TCB densities used to express the polymer concentration in
mass/volume units were 1.463 g/ml at room temperature and 1.324 g/ml at 135°C. The injection

20  concentration ranged from 1.0 to 2.0 mg/ml, with lower concentrations being used for higher
molecular weight samples.
[00155] Branching index in these examples was measured using SEC with an on-line
viscometer (SEC-VIS) and is reported as g' at each molecular weight in the SEC trace. The
branching index g' is defined as:

Ty

u7
where 1 is the intrinsic viscosity of the branched polymer and ), is the intrinsic viscosity of a

25 g' =

linear polymer of the same viscosity-averaged molecular weight (M, ) as the branched polymer.
m = KM%, K and o were measured values for linear polymers and should be obtained on the
same SEC-DRI-LS-VIS instrument as the one used for branching index measurement. For
30 polypropylene samples in these examples, K=0.0002288 and 0=0.705 were used. The SEC-

DRI-LS-VIS method obviates the neced to correct for polydispersities, since the intrinsic
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79.8 85.5 Viscosity @90 C (cp) 65 167.5 360 705 1257 Catal yst activity (kg
polymerl g netal | ocene) 38.61 35.98 33.92 28.18 25.77 Table 5b. Propylene
pol ymeri zati on using rac-di nethylsilylbis(indenyl) zirconi um di et hyl

/ di net h IaniIVﬁTﬂHM&Qﬁ?akls he tafluorona hth 1 borate 033&55W&9PV@)

Pol ymeri zation tenperature ( C) 120 110 100 90 80 Cat (mll/mn) 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 11.1 11.1 10.9 Conversion (% 79.3 79.4 79.1 79.2

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

5 confirmed by Carbon-13 NMR using the method of Randall (Rev. Macromol. Chem. Phys., C29
(2&3), p. 285-297). Lincar character for Cl1 and above monomers is confirmed by GPC
analysis using a MALLS detector. For cxample, 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:

. 2.Clnly
Y CKM

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

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

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

20 Polvmerization Example 2 (see Figs. 2a, 2b) - Continuous Polymerization 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 rcactor and was cquipped with a stirrer, a water
cooling/steam heating element with a temperature controller, and a pressure controller.
25 Solvents, propylene, and comonomers were first purified by passing through a three-column
purification system. The purification system consisted of an Oxiclear column (Model # RGP-
R1-500 from Labclear) followed by a SA and a 3A molecular sieve column. Purification
columns were regencrated periodically whenever there was evidence of lower activity of
polymecrization. Both the 3A and 5A molecular sicve columns were regencerated 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 regencrated in the original manufacture.
Ethylene was delivered as a gas solubilized in the chilled solvent/monomer mixture. The
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Te (C) 25.3 44.6 68.6 83.8 91.9 Tm(C) 69.9 89.8 106.4 119.1 128.0 Tg (O
-20.4 -14.7 -12.8 Heat of fusion (J/g) 26.3 42.1 56.5 69.9 81.7 Viscosity

@190 C (nPa. s) 41.7 103 245 538 1120 Catalyst activity (k olyner/g
met al | ocene) ?@?2‘7759/03‘1?‘480 34.66 34.71 34.14 10 Pol yneri f&t(frlgﬁ‘ﬁ)ﬁﬁéﬁal e 4 -
Conti nuous Pol yneri zation of Ethyl ene/Propylene [00162] Exanple 4
denonstrates the polynerization of ethyl ene/ propyl ene copol yner using
rac-di met hyl silyl bi s(i ndenyl) hafnium di nethyl pre-activated with a

trimet hyl anpmiticd mb bty akirsdnpeblsavdd el aniany lhhher Bt & @t padsiiPihddugh atchPeof
about 1:1 in toluene. The polynerization 15 runs were generally carried out

accor di ng t befeR&cipe bddpfarty et tirpeh sapyvield gelvEX i menamery ypicaniged inyy
2010/ 014344 RGHFMWEA094 Wé@oﬂﬁﬂoﬁ%@a{ sizat ber afl 1ghilvoanglpheRYh&@8Ged using

copol yners using rac-dimet hyl silylbis(indenyl) hafniumdinmethyl /trimeth
| anmoni um t Bioeksticklmase Heva meissya MisrerMetiop §rogiplés-type flow meters.

5 [00157] The metallocenes were pre-activated with an activator (of formula (1) or (2)
according to the present invention or a comparative activator) at a molar ratio of about 1:1 in
toluenc. The preactivated catalyst solution was kept in an inert atmosphere with <1.5 ppm water
content and was fed into rcactor by a mctering pump through a scparated 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 lincd out by continuing opcration of the system under the established condition for a
time period of at least five times of mcan residence time prior to sample collection. The
resulting mixture, containing mostly solvent, polymer and unreacted monomers, was collected in
a collection box. The collected samples were first air-dried in a hood to evaporate most of the
solvent, and then dried in a vacuum oven at a temperature of about 90 °C for about 12 hours.

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

[00160] Examplc 2 dcmonstrates the polymerization of propylenc using rac-
dimethylsilylbis(indenyl)hafnium dimethyl, sec Figures 2a and 2b. The mctallocene was pre-
activated with an activator at a molar ratio of about 1:1 in toluene: The activators used were (1)

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

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

2-naphthyl) borate. The detailed polymerization conditions and some of analytical data for
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Exanple # 4-1 4-2 4-3 4-4 4-5 4-6 Polynerization tenperature (C) 90 90 90
90 90 90 Propyl ene 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 |sohexane feed rate (m/mn) 80 80 80 80 80 80
Met al | oeene f@’é’oF“P’é’t”é“( mol /min) 2.7E-07 2.7E-07 2. 7E- 07 B TAB2Y0YSBE. 07

2. 7E-07 Conversion (% 44.1 48.3 52 45.3 46.1

materials produced in these polymerization examples arc 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(indenylhafnium 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
Mectallocene 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) 1049 14.85 22,19, 39.01| 63.83
Mw (kg/mol) 25241 3270 4732 74.32| 121.36
Mz (kg/mol) 4373 5421 7635| 114.60| 190.33
g'vis 0.95 0.95 0.97 0.98 1.01
Tc (°C) 70.2 79.0 86.7 90.8 95.6
Tm (°C) 1049 1139 1226 1288 1334
Tg (°C) -12.2 -8.4 -8.5

Heat of fusion (J/g 51.6 69.0 71.8 84.3 88.2
Viscosity (@ 190 °C (mPa.s) 534 1090 4210| 24500 128300
Catalyst activity (kg polymer/g metallocene) 4209 4221 4095 3472| 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| 2536 2846
Mw (kg/mol) 2922 4821 51.61| 95.14| 147.79
Mz (kg/mol) 5458 9120 9439 173.59| 27241
g'vis 0.88 091 0.93 1.00 1.03
Tc (°C) 53.1 72.0 77.7 92.8 98.1
Tm (°C) 969 1112 1162} 1302 137.6
Tg (°C) -10.4 -8.9 -8.9
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45.8 Mh(kg/ mol) 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/mol) 157.77 153.426 150. 387

150. 825 148.804 152.828 'Vivi/M| 3.12 3.82 2.94 4.44 5.15 3.42 g'vis 0.957
0.961 0.959 OV§3W&8é' 0. 941 Tc (C) 31.46 14.52 11.05 PGTHEF@&“8§$27 68. 97

59. 44

Heat of fusion (J/g) 43.6 58.5 65.5 78.1 82.3
Viscosity @ 190 °C (mPa.s) 805 | 4105| 5516| 74830345000
Catalyst activity (kg polymer/g metallocene) 37701 3747 38821 3164 16.10

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

dimethylanilinium tetrakis(pentafluorophenyl)borate (comparative)

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

(°O) 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 89.4f 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 5222 132.39

g'vis 1.09 (.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 90.3 994 107.8 118.0] 127.6 1313
Tg (°C) =268 -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) 43.1 853 131 311 877 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

100161] 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 arc listed in Table 5a. For all the polymerization runs, isohexanc
feed rate was 80 ml/min, propylenc feed rate was 14 g/min, and the mctallocene 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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Tg (©) -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 4,190 gnPa $) 166000 140000 140000 170000 184000 260000 SLPM =
standard |it e8It e. Pol ymerizati on Exanple 5 - CASTHaYees2s

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

pol yneri zati on of propylene using rac-dinethylsilyl

bi s(2- met hyl - 4- phenyl i ndenyt) zirconium di nethyl. The netal |l ocene was
pre-activat Qid:omuEnMMMEtBN'[h&aeﬁ‘l’oakﬁﬁl(cmﬁ&hﬂﬁdm&ﬁﬁrﬁ phekiydhptifaioaineptaliy pboimt afa
rati o of abou tol uene. The sane general polynerization procedure
descri bed ab8 émPﬁoéﬁﬁ Kol bInJONee: used, and detai | ed pol ymeri zati on
condi ti ons and sone of the anal ytical aasaf or material s produced in these
10 polynerization exanples are listed in ble 7. For a

pol ymer i zat i oHOMHE PolyRBHRLahE iRgac-iasy kil SZ}B'P%iﬁ‘Eylb%ﬁf&O‘PH‘e dfr%f‘é%vl rMedthas 80

m / mm psopylene feed rate ma&n&gagﬁﬁn@ﬁggmgmﬁmenﬁ@ﬁ@IIocene feed rate was
4. 545E- 07 rization of pro \/I ene _usin

r ae- di met hyEsinipjel# bi s( 2- et hyl - 4- phenyl ijndefyt) " A-2lconidedn didvet h BFVel NH
tEtraklS(peﬁ&?&&ﬁ@%ﬁm&%&x&ﬁ@@ﬁﬁte EX&HD'?ﬂﬁ;Q 1 31& 5-30d-4 B> 80
Pol yneri Zatbun t enw;g ature (01307120110 T 7 774l 643 538

onversion
Tc (°C) 51.0 57.7 77.1]  89.8 96.3
Tm (°C) 77.1 9721 1137, 124.7] 1326
Tg (°C) -18.6] -139f -10.9
Heat of fusion (J/g) 219 47.6 60.6) 79.8 855
Viscosity @ 190 C (cp) 65| 1675 360 705 1257

Catalyst activity (kg polymer/g metallocene) 38.611 3598 3392 28.18] 2577

Table 5b.

Propylene polymerization using rac-dimethylsilylbis(indeny!) 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) 25.3 44.6 68.6 83.8 91.9
Tm (°C) 69.9 89.8 106.4 119.1 128.0
Tg (°C) -20.4 -14.7 -12.8

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

10
Polvmerization Example 4 - Continuous Polymerization 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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90 Conversion (% 89.2 91 92 92.4 93.8 M1 (kg/not) 3.9 5.6 8.5 12.2 16.2 Mwv
(kg/nol) 11.5 17.2 26.5 39.9 63.2 WO 2010/ 014344PCT/ US2009/ 049528 |vz
(kg/mol) 22.0 .33.0 50.2 77.6 135.8 g'vis 0.82 0.82 0.81 0.83 0.83 Tc (C
84.3 91.6 99. YO8 ¥3407. 4 Tm (C) 122.3 129.5 137.3 143. Pﬁi%é""i““fgzs( 0

Polymerization of ethylene/propylene copolymers using rac-dimethylsilylbis(indenyl) hatnium dimethyl
/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 45.3 46.1 45.8
Mn(kg/mol) 29.733 23.03f  30.009 19.579] 15.848 25.868
Mw (kg/mol) 92.85 87915  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  -32.020 -31.38
Heat of fusion (J/g) 36.05 27.15 13.05

Ethylence 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
MesNH tetrakis(pentafluorophenyl) borate at a molar ratio of about 1:1 in toluene. The samce
general polymerization procedure described above in Example 2 was uscd, 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

-55-



Heat of fusion (J/g) 76.7 83.0 90.4 95.4 100.0 Viscosity 4,190 C (nPa. s)
93.9 185 504 1670 9750 productivity (kg polynmer/g netall ocene) 46.83 47.78
48. 30 48.51 49.25 00164] Additional batch propyl ene pol ynerizati ons were
run accor di ngMPF1AESEY ocedure in Exanple 1, except thatP“TOG2 e

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. 5Tabl e 7a Exanpl e MCN

Act Pol yner Metal Metal Metal Activity, Activity, yield, g conplex, ng
conpl ex Mw [nwpliegRfty Mo | Met gPP/ ol Metz il PRGHL B2 776| 1358

g'vis 0.82 0.82 0.81 0.83 0.83

Tc (°C) 84.3 91.6 994 103.7 107.4

Tm (°C) 122.3 129.5 137.3 143.2 149.1

Tg (C)

Heat of fusion (J/g) 76.7 83.0 90.4 95.4 100.0

Viscosity @190 °C (mPa. s) 93.9 185 504 1670 9750

productivity (kg polymer/g metallocene) 46.83 | 47.78 | 4830 | 48.51] 4925

[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 minutcs. 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 2.3 3772 10.00610] 5636.7 56.4
7-2 B 7 4945 2.3 377.2 |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 10.00668| 1665.8 16.7
Table 7b
Ex | Mw Mn |Mw/Mn | vinylenes | trisub | vinyls | vinylidenes | A H, |Conversio
(g/mol) | (¢/mol) Jig)y | 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 24.3
7-4 | 17675 | 8609 2.1 0.03 0.08 | 148 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. As is apparent from the foregoing general description and the specific embodiments, while

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

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

the invention be limited thereby.
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0. 00610 5636.7 56.4 7-2 B 7 49.45 2.3 377.2

7 34.37 2.3 37 00610
1

7.2 0.
8109881173C712273653930006681838118474C7 1.12 3.6
539.3 0. 00668 1665.8 16.7 Table?bExMN( g/rTDI)M’l(P%/rTDIZ _M’l
vi nyl enes trﬂé’t?kf“’x?f“h‘)?f‘s vinylidenes A H (J/9) T/US2009/04952

CLAIMS
What is Claimed is:
1. A catalyst system comprising a transition metal compound and an activator, the activator

having the formula (1):
5 [R'R’R*AH]" [YT, (D
wherein [Y] is a non-coordinating anion (NCA),
A is nitrogen or phosphorus,
R' and R? arc hydrocarbyl groups or hetcroatom-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 Cjg alkyl, Cs to C;s aryl, Cg to Cas arylalkyl, and Cs to Cys alkylaryl,
and
R’isa hydrogen atom or C; to Cyy alkyl, or RisaCto Cro 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 [BRM,], with R’ being an
unsubstituted aryl group or a substituted aryl group, of which thc onc or more substituents arc

25  identical or diffcrent and are sclected from the group consisting of C; to Cg alkyl, Cs to Cysaryl,
a halogen atom, preferably fluorine, halogenated C, to Cy, alkyl, halogenated Cs to Cs aryl,
halogenated Cg to Cys alkylaryl, and halogenated Cg to C,s 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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Conversio b (% 7-1 4790 1098 4.4 0.32 0.36 1.03 4.19 68.1 7-2 4992 1157
4.31 0.26 0.31 1.02 3.82 97.9 7-3 17498 8052 2.2 0.01 0.01 1.69 0.39 64.5
24.3 7-4 17675 8609 2.1 0.03 0.08 1.48 0.32 72.5 22.0 Melting point for
the polyner in 7-5 was 108 C. [001651 All documents described herein are

I ncorporated by reference herein, including any priority docunments and/or
testing procedures to the extent they are not inconsistent with this 10

text. %?% d&ﬁ{sf‘s%g o@amaiedggn L2 A9 gensi at, dessh V>H’ (Eée)g)n@%}dﬂ %laﬁ(ygtagg

specific e I ment's orns of the'invention R
and des€gtd€g,alksdaryhusd thednétaidatene msmoprbteratbde | astddnfoarh thigganp icogiftingroft he

SRR W T N AN W L
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
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
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 claims 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.

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 claims 1 to 5.

7. Use of a compound of formula (1) as defined in any of claims 1 to 5 as activator of a

transition metal compound in a catalyst system for the polymerization of one or more olefins.

8. The process of claim 6 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.

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

5.

10. The process of any of claims 6 or 8, or the use of claim 7 or 8, wherein [R,AH]" is
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CLAIMS What is Clained is: A catal yst systemconprising a transition
nmetal conmpound and an activator, the activator having the formula (1):

5[ RIR2ZR3AH " [Y], (1) wherein [Yr is a non-coordinating anion (NCA), Ais
nitrogen or phosphorus, Rl and R2 are hydrocarbyl groups or

het er oat om cont ai ni ng hydrocar byl groups and together forma first, 3- to
10- nenbered non-aromatic ring wwth A wherein any nunber of adjacent ring
10 menbess.mpMnRIHigRal |y bﬁdnenber[fgof at jleast %%k%%%ﬁ&@luo%ﬂ%l}b%ra%,
aliphatic rihg or aliphatic and/or "aromatic ring systemof two or ‘nbore

ri ngs, wiekshepsdiudreanphtbgstoraner sembisdperilngrobiphenyljposatst em i s fused to
said first ring, and wherein any atomof the first and/or at |east one

second ring or ring system.is.a carhon atom or. a heteroatom and na%4be
substitdied iIRBEMSAHRUSG Obglabhel brivheisin the fropitiondptial compoupdd 4 mekllprrme

group c¢ LSt o] ak: e 1 | o C5
Po cis aronst Bopo oMl RaRsne T T SRR R AR e o

hydr ogenirainoneres aCiactddmEhybsilal kis(indery)RBafnecaneGir tzirc@i®eat.ky lracrdingrtbylpilylhat

connects. said first.rin nd/or to said at | east one and r.ing or ring
cyot om DistPatb bR 3RsRhee o shartenpor ikt SRR Ry g
R2 t ogetlighylRr Baffocch®H3) - ziB6éBndM b rit-Higiciy 1silyl 4bis@-Meth§1-4aRghiRlihdent) t O
C5 alkyl. 3. The catalyst systemof claim1l or 2, erein [Y] is [B(R4)4r,
wi t h Rahdfapenge an -zireoubeanict ent andethylgnyldrisiingdenyl) halvaespeior urisepngespe, whergpn thef
whi ch t Qr re substituen rg. .25 identical or, differ r.

el oct etrtp P 2hd ThF SR RO HATY B e, PR Mapf b R 3G

hal ogenclainos preferably fluorine, halogenated Cl1 to Co al kyl, hal ogenat ed
C5 to C15 aryl, halogenated C6 to C25 al kylaryl, and hal ogenated C6 to C25
aryl al kyl groups, and wherein R4 is preferably perfluorinated aryl, nore

pref er abl-y péhg Bfocessrod ghEe ry Flaiedt &9 Loranidpht Wgluse pf per of daimsbl.hdnlf..or30

4. The t ' : [ it I
compountt oL R G fie B FU PR b bl JOCIE Bl SERILLP oot 88
met al | ouGnecferbbr i an [dabeabart B0 1G5 ndorg pefprablyrogtaslcagtntlotitiioadenyl is
unsubstituted or substituted by one or nore substituents selected from the
group consisting of a halogen atom Cl to Cl0 alkyl, C5 to Cl15 aryl, C6 to
C25 ar yldl kyThe pregessof ey chgaimdds(8aPyl0, 1aner k2aer Hstuse obawnel ¢1§Imﬁo%§, 9,10,
pr ef er ap| I [ . . St L b 0

Fac- di et BT Gevivrel &b AsbRRr ShRIGERTIE) 5958 v breferably § o 98%.
rac-di met hyl silyl bis(indenyl) hafnocene or -zirconocene, a

rac- di net. hyl sigolimdiob(a2nded hyh prbcpdeiydriingas ¥laimGadrnag enelaghs 8 tl3.conocene,
a rac-dinethylsilyl bis(2-nethyl-indenyl) hafnocene or -zirconocene, a
racdi net hyl sil yl bi s(2-nethyl -4-napht hyl i ndenyl ) hafnocene or -zirconocene,
or a rac-ethylenyl bis(indenyl) hafnocene or -zirconocene, wherein the

haf nocene and zirconocene has at |east two | eaving groups X1 and X2 which
are, independently, hydrogen, hal ogen, hydride radicals, hydrocarbyl

radi cal s, substituted hydrocarbyl radicals, halocarbyl radicals,
substituted hal ocarbyl radicals, silylcarbyl radicals, substituted
silylcarbyl radicals, gernylcarbyl radicals, or substituted gernyl carbyl
radicals; or both X are joined and bound to the netal atomto forma
netal |l acycle ring containing fromabout 3 to about 20 carbon atons; or both
toget her can be an olefin, diolefin or aryne ligand. 5. The catal yst
systemof any of clains 1 to 4, wherein the transition netal conpound
and/or the activator are supported on a solid support, wherein the support
conprises silica or alumna. 6. A process for polynerizing one or nore

ol efins, conprising contacting under polynerization conditions one or nore
ol efin nmonomers with a catal yst systemaccording to any of clainms 1 to 5.
7. Use of a conpound of fornula (1) as defined in any of clains 1 to 5 as
activator of a transition netal conpound in a catalyst systemfor the

pol ymeri zati on of one or nore olefins. 8. The process of claim®6 or the
use of claim7, wherein the one or nore olefins are al pha- ol efins, and
preferably propylene, optionally in conbination w th another al pha-ol efin.
9. The process of any of clains 6 or 8 or the use of claim7 or 8, wherein
the activator is a conbination of at |east two different conpounds of
formula (1) as defined in any of clai 1to5 10. The process of any of
clains 6 or 8, or the use of claim7 0 98, wherein [RAH is

tri met hyl ammoni um and[ Yl i st et r aki s(pent af | uor ophenyl ) bor at e,

t etraki s( hept af | uoronapht hyl ) borate or tetrakis (perfluorobi phenyl)borate.
11. The process or use of claim 10, wherein the transition netal conpound
is a nmetall ocene selected fromthe group consisting of a

L, o




