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long chain branching (LCB) is desired to improve bubble stability during film
blowing or to enhance the processibility of resins prepared with metallocene catalysts.
However for many uses, the presence of LCB is considered undesirable due to the
increased elasticity that it typically imparts to the resins. Therefore the ability to

25  control the LCB level in polyethylene using metallocene-based catalysts is a desirable
goal.

One example of this need is seen in the use of bridged or ansa-metallocene
catalysts, which are desirable catalysts for some purposes, but which may tend to
produce polymer with LCB levels that are detrimental to film performance.

30  Therefore, new catalyst compositions and methods that allow better control of LCB

levels within a desired specification range is a desirable goal.
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electron-withdrawing anion, a layered mineral, an ion-exchangeable activator-support,
25 or any combination thercof; an organoaluminoxane compound; an organoboron
compound; an organoborate compound; or any combination of any of these activators. In
another aspect, this invention comprises the contact product of at least one ansa-
metallocene compound having a pendant olefin-containing (or alkenyl) group
attached to the bridge of the bridging ligand; optionally, at least one organoaluminum
30 compound; and at least one activator. In this aspect, this invention encompasses a

composition of matter, a catalyst composition for polymerizing olefins, a method of

preparing a catalyst composition, a method of polymerizing olefins, new polymers
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20  group having up to 20 carbon atoms, H, or BHy4; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SO:R*, wherein R* is an alkyl group or an aryl group,

any of which having up to 12 carbon atoms; and
any substituent on the bridging group, any additional substituent on the
25  substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a

phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
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already comprise such a ligand; and 3) an activator component. In some instances, one
component can function as both the component that provides an activatable ligand and

25  the activator component, for example, an organoaluminoxane. In other cases, these two
functions can be provided by two separate components, such as an organoaluminum
compound that can provide an activatable alkyl ligand to the metallocene, and a solid
oxide treated with an electron-withdrawing anion that can provide the activator
function. Further, in some instances, the metallocene compound can already comprise

30  an activatable ligand such as an alkyl ligand, therefore, a component that provides an
activatable ligand is not required, but can be an optional component of the contact

product. Therefore, by designating the at least one organoaluminum compound as
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magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
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carbon atoms; or 4) OBR*, or SO:R*, wherein R* is an alkyl group or an aryl group,

any of which having up to 12 carbon atoms; wherein at least one (X3) and (X4) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; and
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independently an aliphatic group, an aromatic group, a cyclic group, a combination of

aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a

phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; and
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15 X', X% X°, and X" are independently F, Cl, Br, I, H, BH4, methyl,
phenyl, or benzyl; wherein at least one of X" and X® is H, BH,, methyl,
phenyl, or benzyl; and wherein at least one of X’ and X'° is H, BH,4, methyl,
phenyl, or benzyl;

R', R% R, R* R’, R, and R’ are independently an alkyl group or an

20 aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive; and
b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
25 aluminum phosphate, =zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,

phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,



magnesi a, boria, zinc oxide, mxed oxides thereof, or

any conbi nation thereof; and the el ectron-w thdraw ng
w@mnioon13083 f | uori de, chloride, brom de, iodide,PCT/US2007/065499

phosphate, triflate, bisulfate, sulfate, fluoroborate,

fluorosul fate, trlfluoroacetatg phosphat e,

fl uorophosphate, fluorozirconate, fluorosilicate,

fluorotitanate, substituted or unsubstituted

al kanesul fonate, substituted or unsubstituted

arenesul fonate, or any conbination thereof. In a

f urnhogphats featplofphaty, Supmmeenitgnfjuordsdicate, fluorotitanate, substituted

aCt%r a:s]l%re 1@%{8%21%1 S\II ﬁﬁraa?eo Msﬂ’?‘u@ec@ors&)nlsf\m%tl%ted a?% Elﬁ%tn%g or any

OX|manmummﬂ$egfor wher ei n the solid oxide is sel ected

fronm&l|c§ al um At lid

al um noph8JPHst &P°d OB}RI%IBH‘?“@R%S@%%% OGTURROTA FATRORREIS @ soli

iﬂet(eﬁdba@dawﬂuﬂgﬁdn&ﬂ&srpnkmﬂlamwmg alignG Ovrhblam thago‘lﬁde&le comprises

bori a, .zi nc oxid m.xed ox dea éhere m Xt ur es

t heffedfere, ﬂ’t‘%SQF‘l\s‘fi%%et 1S ¢ lectef e EPPo ATt ﬁlé}% ica-alumina,

ani Qimi@aphoSSHARY, hIsAidubiisHoksiRte, £ih¢ AumdRte, Rit@BpcIRungstates, titania,
i odi.de, phosphate, triflate, bisulfate, sulfate

£ CorconBrateesit.| a5 odtg pafe miked enides healt ot lelxtures thereof. In

phasRhale:, td 4QEORNBBAR R, anfdnUah @EhpERMRIEde, chloride, bromide,
fluorosilicate, fluorotitanate, substituted sul fonate,

1Qnsigeide.i t hasphadl fiaface, bplfany whis ndliomiortter difrosulfate,
l N @adhbiRhte, t hﬂloﬁﬁk{evatfgforo?)ﬂgﬁgﬁtg CaRofobidEE,  fluorosilicate,

ﬁgawse a net al metal ion such as zinc, nicke
Qfgnatey wg@ﬁléﬁed mifcylb@eruumbstguued/esmlfomautm oroanyangmbmatlon

CO"EH&Q@II 'Ii:fraltdéi1 Hgﬂ QRJ actl'%tglo sd E%Irt @%ﬁsfu?tﬁ&ec% I'IEJ1§ ctal or metal ion

el ectron-w t hdrdw ng ani on uori orlde
br onildes znnco dlclsi@ vaphdsphtatgstent mplybdmenm, mlvsu Itlﬁattremy combination

53 ul ;1%%(%‘ Al ]t??%pe%t the ele?t% ﬂlc{rgwﬁﬁ anloli;'a%n be fluoride, chloride,

uoroace uoro
fI LhIDmKiIeI Goplivket @hoéphate,r tnﬂata dmuﬁ‘ate;‘ blufata;)tﬂttom’matam, fluorosulfate,

sub ituted or ynsubstituted,al nesuyl f onat

SUEPeiEdr ARSHREL | (e EebRRe o ThiRaR e g g fppgsiicatc,
i k@or@tnﬂiatd:di R@bséfyedC opbI ﬁrﬁ;hb@lmt&d‘leﬁkﬁﬁesulfdma&et substituted or
anot h ect of .this i

o dr ARG ReRobt, sn M TR S it Gpnoqmpiggtiongereo

20m ner al ,In 38t 4R ¥Phanganb i catdd, (&t QtivaPRPpdrt ca bas¥ected
conmpi nation thereof. In this aspect, the

act irmo} ?Yeé‘ifb%}efalac%hm&@ﬁﬁ}aflgf‘@b]g ag}l\é?}t,orrﬁu jor agy combination

pi | thaesd 16lRY asRBr, arefalivAsradpsdridan c@ﬁlpﬁg%f Pblaptffbrfl AYillared
gelled into anot her oxj de HH?FIX layered silicate

mi ridpyapn exolmel ¢lay er exiobited elay éelifﬁd P ARothes oxigy dager. a layered

al L@ﬂ&fé%ln'efé@taendﬂl rél sﬂlé’at@ﬁﬁhekd’l‘ya? [a?greélaﬁﬁllﬁ&ﬁichﬂe%hgral a
m neral, or any conbi nati on of these materi al s.

2%n dtouielﬂyeaﬁskﬁé@mnoaﬂma@ mingieh of ¥y combinkeen ¢irtlse a@@rlals
process if oclflotﬂérogﬂ&'t,ntgmanen‘uon further provides a process for producing a

polymerization catalyst composition comprising contacting: at least one ansa-
metallocene compound; optionally, at least one organoaluminum compound; and at
least one activator; to produce the composition, wherein the at least one ansa-
30  metallocene, the at least one organoaluminum compound, and the at least one
activator are defined herein. In still another aspect, this invention affords a method of

polymerizing olefins, comprising contacting ethylene and an optional o-olefin



pol ynmeri zation catal yst conposition conprising
contacting: at |east one ansanetal | ocene conpound;
wepiromabd y, at | east one organoal um num conpoRCUSANT065499
at |l east one activator; to prggfce t he conposition,
wherein the at | east one ansanetal | ocene, the at | east
one organoal um num conpound, and the at | east one
activator are defined herein. In still another aspect,
this invention affords a nmethod of polynerizing
ol efins, conprising contacting ethylene and an
optmmmmbmarwhbﬁkn@bﬁbqnmnﬁﬁmmuméarwhmaﬁy@bnawmwdgwnbdhnna

gggpgﬂ%lgeql " OIIZy%leﬁo‘{r‘]’ ergm #1 Cg{"]lfy gon.LpoOran{M? i 8@”&@5 a8 disclosed
pr oheraile dInz’:!s&t dlflﬂ'tHeDWdcthtee @reeent theymBIn mo‘fldﬁstdﬂgfﬂenag)pgzmers and

the resent v Lon es et h
corsPYRERE, it MABRILEET, FoMbed B, SRRy and an
T ongpaichdl n@—o%‘ﬁhy&cﬁlﬁﬁlofﬁ@ﬂ wafh @ PiataBRAlco@p&¥itdinl finde® PRI EIEation
with a catalgft conposi tion under polynerization
corfifigns o Erof MOESHIY RSPOIBICT GPSTSHRrERS CHipEt efoPpHion is
cat@hviddd o¢ aRReSh hir@p. 1s provided as disclosed herein.
In one aspect of this invention, the activity of the
cat al ystin epngsoest of Bissnymtiphitie 4cHyignef thncaalyst Bempositions of this
enNARGSHn Rin BE RERTHEAS bl Mot AR soheoP Bk YSTRh& Bk reaction
reaction conponents to forma first mxture,

1GF i repmppegnitoly fofm rifivg, misefofer 4 Aist periodtaftiend; befmﬁ:ethls mixture is
CONbACE & Mt el '?1% LSTR @ ﬁ%ylﬂ%z&{]&{ }e%?:'idn Conligo ﬁ&hé %rmmg a
conponents, formng a se m xture, fTor a sec
perseoehdomixtirerefor Emeccendamubé of ttinee. - Frext alahnpbee e wnpmmihbcene
(r::ac beoﬁr{c{g %%%%a(r:éce dtact?c% \éf tﬁ' dome oth%r Lﬁol)pmetn)é'iq%n rf:acém% components
formaxangleutamnahmh@fnn ﬁmnQﬁahmandnanwﬂﬂganﬁakMﬂinum an
cocat al st for sogp @;rlod of bef ore t

157 et nainghrosaba firoHmt ReToksflivg BB &rly H”é’i—t}“fé% pgypcted
r eagti M8 rGRANAE BOY Seridal6h HbtRE coRBbnelQl inklufink &bt hék lindited to,
solid oxide activator-support. The first mxture is
typt calif yoxids AeHYANSUPRe c o Ahe clilsd Mif{uig (f etyBiselly termed the

COMpLdcSRgctRl emPitR Cetn@dco%ﬁﬁ@&n Eﬂ%&é}tac%dcdn%n&ﬁ§ oM the second
m xture is typically termed "postcontacted"

m xnixpue grivpiedlypeingd shcos fé@ﬁ%caftdf aRx@Enpdrrempases pegtcontacted
2F Xa&mp%nenttsheF e%&ﬁ%@ tﬁ’é m@&url: g?%le?w Sne %II %lelta@l%%@' at tFl'éast one

| east “one nomer, east one
or gtdﬁbamummﬂymnﬂcm Ataall Wtormn@iumnmm {efitalyet qohipsund, before this

gin é%ltsl(;ug Pﬁﬁ&é&% tf? € {:t‘i\gl,totr Igﬁga%?tt S oﬁ%ﬁ)@e %Pﬁ?ggohtact]pa\’ mixture.

- netlal hoxoenef gizngl;qiﬁroper@r ganaadrupngamoaiuoooan abopsdyst, and acidic
aci adctncf:ator—support formed from contacting the precontacted mixture with the acidic
25  activator-support, is thus termed the “postcontacted” mixture. This terminology is
used regardless of what type of reaction, if any, occurs between components of the
mixtures. For example, according to this description, it is possible for the
precontacted organoaluminum compound, once it is admixed with the metallocene or
metallocenes and the olefin monomer, to have a different chemical formulation and

30 structure from the distinct organoaluminum compound used to prepare the

precontacted mixture.



activator-support, formed fromcontacting the
precontacted m xture with the acidic

W@eworaat0es - support, is thus terned the "post coPCHUSEA?/065499
m xture. This term nology is ui§d regardl ess of what
type of reaction, if any, occu bet ween conponents of
the m xtures. For exanple, according to this
description, it is possible for the precontacted
or ganoal um num conpound, once it is adm xed with the
net al | ocene or netall ocenes and the ol efin nononer, to
have a dhhﬁeV@mmn@hewbmaﬁM$mmﬂuﬂapfanMagdmszuwmmwéﬁmmthm
fro nct I n .

B e

conmmm@mainmﬂhudkwmfmmmkmngomafﬁhysmmomnpbsmsumnmﬁmhauhMe

utilize at |east an oce ata t, O ona
SRR R e R TR 35 O
5aCtdnd adnOsrganbaRniminh 0 kitadfst twhithSan slefm t tiypitaliyniodt ude necessarlly,
g)r(ealﬁcxbrro notén%cr: {1(%,] Eg p@yéplﬁ%@é}%%&%@i@%&% S[%Wg ?% oonr:[]a%ggg thlgc precontacted
or gaiRaat Wih sy eae@Aingl dslyswicbhipaidn@| Bf thiy, extadpieC dMel §6lid oxide
but not necessarily, a nmonomer to be polynerlzed or
coﬁﬁPVﬁ@WWE@HE prior to contacting this precontacted
M Xt ur e ykhaer 8RR, ThdPrebt alWtonC RFRANEMptises few catalyst
this exanple, the solid oxide activator-support. In
10 et coametiHens, aBgheds, farhareppange gatalyply SAMPEHioNyr gk rmethods  for
COMPiyrR&&iddeNe AR R Eh ré\sgm%ﬁtb%sproﬁ@hbﬂdshf Bfe aspect, these
preparing catal yst conpositions, and nethods for
pol Rethedscambe edraed p withqut beneadfousing largerppeasy eqiicentrations of
pr e
D EhieK i crpb e O RERAL Lyl 355, hHRHERD0RES (MA0),or
conbermttrytti ampogfion ke bx pansinvdlyofrganbalmrionaxanach as MAO.

ISC of’ﬁfa"ti yt%g cg’tﬁcg ?%Bg%olﬁx isq eﬁ? {5% h%}’/\ésb%?)zmer{za?gh activity in

t conp n can
al uht mﬂosamea absmlhe a$ al\dlﬁiﬁhox’a‘ﬂimt Hewevehehis anwhy@t also provides a

co itions of this.invention ¢c ti.on
ot e Sitbdiihenar EReaREs RS TR G Bl aarRiiRthane.
I—bV‘E’léeefforetlh itlgis hs@v&,ﬁhé Cital@dt SOmMPdsOAch dexsot &:q@ﬁéc&ﬂo)csinprlse elther an
gﬁf |t|oq [of0) qg tp -net al | ocene con oung g d
XA R ?%f”é‘? f a‘EtWi"“Qr‘é‘?;HBIE £omp PPyl treate
20:on§@nal dxid@N ang tHOtcafaBAtlich@PositonC BNPKS SOt @bdut@dl tBNcomprise an
acidic activator-support wherein the activator-support
coﬂﬁgﬁ§é§nﬁnﬁh%ﬁm%%P$y treated solid oxide, and the

cat al ystaaaRas), thi® MhvestiAl §8oSssds ROMbERH cdBprHBaPdn&ting at
an lga[s grrl]eor%logg?nguarr?d (‘i}?encpa?alfys? composition under polymerization conditions to
produce the polymer. Thus, this invention comprises methods for polymerizing
25  olefins using the catalyst compositions prepared as described herein.
The present invention also encompasses new polyolefins.
This invention also encompasses an article comprising the polymer produced
with the catalyst composition of this invention.
These and other features, aspects, embodiments, and advantages of the present

30  invention will become apparent after a review of the following detailed description of

the disclosed features.



Additionally, this invention enconpasses a process
conprising contacting at | east one nononer and the

W@ 200a/1y393 conposi ti on under pol yneri zati on conPCT/US2087/065499
to produce the polyner. Thus, &Eis i nvention conprises
met hods for polynerizing ol efi usi ng the catal yst
conpositions prepared as descri bed herein. The present
i nvention al so enconpasses new pol yol efins. This
i nvention al so enconpasses an article conprising the
pol ynmer produced with the catal yst conposition of this
i NVRREEFIPESCRIESEOM odf TBTHEIGUIRIES ur es, aspects,
enbod) Mt eRe A HLANANAARRLRL SERCARI ML Alld in e
will becone a revi THhe s
detEﬁdnywsdescrlptlon of the dlsclosed features BRIEF

DESCRI P THE. Fl GURES .FI GURE 1 strate

Struct updQUBE LRI & ol gPPotatedaubie it FRtclfir weight,
Exaippdifcally FlodUBE vésir 0¥ (VRS fé [llgher®fpropeicd@ ashRdiig to inventive
VISCOSIty versus nol ecul ar wei ght, specifically,

| ogt8PI$drsus | og (Mv) for pol ymers prepared

accor di igGHURE NYRR A aBX IR @Strdm SECEI@URENysis of the soluble
illustrates data obtai ned from SEC- MALS anal ySi s of

t hecopoly st Rroduspd inaeraisiyrkream 43 piebeidarvatsiuy MwEx anpl e3
(plot of Rg versus Mv) . DETAI LED DESCRI PTI ON OF THE

I NVENTI ON The present invention provi des new catal yst
1 onPBEALEGhRES aRIPHAAY QfoFHP ﬁEb’ENH@N cat al yst

conposi t"[' g@eﬁeﬁFHM&?ﬁoJ %OV%F '\%VJ Qgtalg/?t;?% n1§0t51t ons methods for

conposi ti 'ynerize o
andpreparing | caglypst eplap@dlcmhemetﬂmdﬂﬁorlmslr@}élea@@éyﬂt cotﬂpostlons to

i nvention es .a Cata 1,.C0
co orlyrrsl’erlr%a ogegmf eongf’n %ol%m(g X cles p%rte lrerel}rom In one aspect,

C OB imctnti@yencgmpasps radataﬂysobcelﬁposmom nbraprininpgat a@st one bridged or

15 g oroR sPry i bl PN PGS i TN e

conp@cted;to R dridge d)faﬂébnctgm% 18@hd;\optiofally | 41 I@MQinB @Fganoaluminum

aspect iS.inyention conprises t hods f or. makj ng
theco(‘?ﬁ’f’%‘l‘@@fld éb E}s‘?“ﬁa&HVag‘?s dno?g]@g‘%héﬁpé?t ISaH’de"i‘thfonpﬂseS

a fHEthbRIfoR8RRGE thd Bitdydt RYBPSHiIN GNRED %&‘émnﬁﬁch Rt faOffurther
pol yneri zing ol efins enploying the cataly

c oriBst-t thisninygion cf@é’@“f’f‘érlé‘i"tho s plor @@b/@f}er%léa %%‘Weemm%ng the
207 esdaanat EdpRftioh RBcRbed herein. As described above, the designation of the at

least one organoaluminum compound as an optional component in the contact
product, it is intended to reflect that the organoaluminum compound can be optional
when it is not necessary to impart catalytic activity to the composition comprising the
contact product, as understood by one of ordinary skill. A detailed description of the

25  contact product components follows.

Catalyst Composition and Components
The Metallocene Compounds
In one aspect, the present invention provides a catalyst composition
30  comprising at least one bridged or ansa-metallocene compound comprising a pendant
alkenyl group attached to the bridge of the bridging ligand; optionally, at least one

organoaluminum compound; and at least one activator, as further disclosed herein.



| east one organoal um num conpound as an optiona
conponent in the contact product, it is intended to

WO edo7ect093 hat t he or ganoal um num conpound can PET/US2007/065499
optional when it is not necessary to inpart catalytic
activity to the conposition conprising the contact
product, as understood by one of ordinary skill. A
detai |l ed description of the contact product components
foll ows. Catal yst Conposition and Conponents The
Met al | ocene Conpounds In one aspect, the present
i nventi v predvicdes the gembyid¢gedconposindtdlcaompfars singly to a
at least one bridged or. -netallogen ou : :
coribiend Sopbnadnt Shedhi fy L5 GeRERaEae diggnss in e
brielglecudd atchignkbd bolgi britighigg@anidty. ophd onRal diyuschill ahaaSttallocenes
one or ganoal um num conpound; and at; | east one ]
act§opEflofvo-gaben, Pritgss. Hiak &) dhedVaet evRlopkadigwlitimerligapds are

3 hecdhREBaPEY da%fioRl o0RS AILRGLAR JBH&N Jinki (Y UrRgRg moiety

nmet al | ocene conpound in which the two
h5- kepedepathk atfrenlphlkedige-hipg igdsds s tie catbbe cadres, salgough the
li . by _a. bri dgi [ . S f us
e gl boRb RO, i B EhATI Al {RGH are et
t wobrhiged yHid(gadykdikediyiyd Lype doingands, sheremonreqt-egtidaykadienyl

bri dgin roup wherein the shartest [ink of the . :

br iﬁfgﬁl%’g ﬁ%ﬂi “Beett%éﬁbsflﬂ’éefﬂ %‘-l%r;‘?‘&}itl ogeR di“@ﬂyﬁugstt%%d indenyl
10 | gaRas, b a t¥RbRAIINT 2duBiRute@Nhtema NighkiBaddrd d®ktRGted indenyl

noi ety is substituted. The netallocenes of this )

i NV omhessip qng eubstipeat @pita@S@dhgands i1s a bridging group having the

bi sfohmus X el el cadi,emtCint YPe cOfRaENdSalodMIRFBE NWitdA8n n is an

h5¢cycloalkadieny? portions can conprise two , ,
subgteper oy | £ dncdupe. wheyandgy sebibtueiipses nreided heprie nius, in

[i r ' ' substi [y )
1 G Rncch or® SSOTRIRCH L, Bl PR bRl lleHAERRY lzand s
15 ubdt ibkidging gooupt hetfethhi gabasled so dobir ndgydeligdienyd-type ligands,
havi ng the_fornul a CH2 ( = , O _
sud??%ﬁuteﬁmana(%@u?hefg%#ﬁﬁﬁ%gﬁgﬁﬁkgiis éﬁéﬁHKQ§%%CH_CHﬂ’
f 1 COMCH[CIS,); AHMI RS V ECHIMHI[ CH),GHRCIS YD ST CHAEICHLS5(38-CH, ],
provi ded herein. Thus, in this one substituent

aspect
on tHETBE R Chisl-s EHECR Rt eidnl e Ry UG P igaiel: or a

IS dubQitled GheilapOtheleOrIPTHE $Rkdty tshferred (PRAGRGs TR “BIREAYI group,”
h5- cycl oal kadi enyl -type |igands, having the fornul

2(b|_|2r@4[r@p@@|£|-ﬁ@|.qggl’och@m@@q[o( @;qzljlm_g@qzqn’agty. In this aspect,a‘:he olefin-

gg%ﬂ%a(ng:%ﬁ)éﬁ% %ﬁouﬁ:d%%ic%%glé 90%_%%\?661’1 the cyclopentadienyl-

CHATP4 éi@@%ﬁj@}hﬁl@jqz]hp defraHbeaHRY gict i | the rbrigging atoms, and
therefore can be described as a pendant alkenyl group.

In still another aspect, the alkenyl group can be substituted or unsubstituted.

25  For example, any substituent on the alkenyl group, when present, can be selected

independently from an aliphatic group, an aromatic group, a cyclic group, a

combination of aliphatic and cyclic groups, an oxygen group, a sulfur group, a

nitrogen group, a phosphorus group, an arsenic group, a carbon group, a silicon group,

or a boron group, or a substituted derivative or a substituted analog thereof, any of

30  which having from 1 to about 20 carbon atoms; a halide; or hydrogen. While

hydrogen is listed as a possible substituent on the alkenyl group, it is to be understood



substituted anal og thereof. This noiety is referred to
herein as an "al kenyl group," regardl ess of the

wo egrochesi stry of the al kene functionality. |PCT/OER07/065499
aspect, the ol efincontaining hﬁgrocarbyl group is
bonded to the bridge between t cycl opent adi enyl t ype
| i gands, wherein the olefinic bond is distal fromthe
bridging atonms, and therefore can be described as a
pendant al kenyl group. In still another aspect, the
al kenyl group can be substituted or unsubstituted. For
ex ahplhgdrogen/cagubé td anumnatureted stistitikiteimy fis gyubstpyuenbie the alkenyl

plr e%rﬁg% and %Qt tg qh garl?o%t ceclgooltnnc%eglg %QS(PB% the aﬁli%ﬂ’]%la%ow 1tself Thus,
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grou a sul fur gr.qu nitro or us

ot CtionSas st hprchaf s Fndl ek DGR o ReccoB 07 IEFES 0 be
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or e?_ll}'l/ %%él%g%}ggzga%gé}%gg% h%lg)ﬁeﬂ%féted, u%a?sltlalée gql}anll ec{ nlgnear or

hy dic@g&tom \Wtstigdaydsio tlile‘ée fnbfeh@i as a possible
substi tuent on the al roug is to be

under st dbdeHiEen H?@F‘Bééﬁb%l&ﬁedat?& ta@ %Uﬁpnefh%%wwa% &gjdging group
subglinkuet t Rahulas @H?@E@%@HE)L@W:CI@J] tfe atdRRY!| herein, the

group, and not to the carbon-carbon doubl e bond of t he
10a| l@efﬁisaperg%dé@pﬂ type digpnds TRy lsoHipye Geh spbstigiclys dioplegample, any
SUbgRiitoHA bR Yan SR IHE At REp TRERE Yt BndeMemical groups

al kenyl group as long as it does not add across the
vergr mdiedds thatwprsgrve et dwsabsitfests avhihg bydging gt(@lp@ the formula

co néH (tq{ %%Pﬁld{ﬁ m¥i scl%Eteulﬁe‘relh: u r"ﬂhh? raen alahl%iogaq %ﬁlgs'tlgltehto&l the

of ot%er Stituents on e al keny roup atom can
|nch@emsubswlbvtégnﬂanQUMSmdﬂmn@mﬂybﬂamﬁhbunamaMQanqgmmn

sf’r e} &{h&’&t gr?ﬁ S%b y‘ché gltoﬁgt a{‘ %ltlb?%%ogfoﬁtaf;p%%ﬁc M0 &3Hi€ Sroups, an
al k(mygd:rr gout, alsuilfun@rd:mp] dgtrngengrmlppa hbospingud ¢greurf, en angérac group,
ovi ded herei ) .

cyct %a%éor‘i‘tgé@pe?ﬁ V&_IZ %“H aalﬁod < BIRHP- &F §8ﬁ'?*?§€‘§edc9teﬂ‘éailwe or analog

Subgtred it &. Wkﬁ_ﬂfhaeihgffﬂinﬂ tcadbypuedidatton Raimss bSlideI uﬁfyﬂrogen

can be sel ected i ndependent]ly fromthe s

P EnE R AR Eroun FR SR Etinrbisr b8 S A T sERE TR Ghtngsition.
20N Eh@ebhiliid gitneelgded Wpbs@fucht @hdt @AdTH¢ Sharacterized i 1n more than one of

CH2CH[ (C%Q)nC}hC}Q di scl osed herein. Thus

addPEse SAEBOTish pahia Gl obhit ik alsy g}cgl,slgs,ﬁygmggwperf:%éhe notion

l'i ggndspaAncdRIERISRERGRNELY f186ESE LRIES SIRiAR saturated mdenyls
al i phatic group, "an aromati c group, a cyclic group

coniinafyosnylt aslhgiAgt i Rut amat clieited & odff@hygﬁlné%yéergroups

9" QRahyBrofbieil1 oBfuBY Rnd BctiydfPRERN A PMPs. @ Phosphorus
group, “an arsenic group
Examples of each of these substituent groups include, but are not limited to,

the following groups. In each example presented below, unless otherwise specified, R
is independently selected from: an aliphatic group; an aromatic group; a cyclic group;
any combination thereof, any substituted derivative thereof, including but not limited
to, a halide-, an alkoxide-, or an amide-substituted analog or derivative thereof; any of
30  which has from 1 to about 20 carbon atoms; or hydrogen. Also included in these

groups are any unsubstituted, branched, or linear analogs thereof.



a carbon group, a silicon group, or a boron group, or

a substituted derivative or anal og thereof, any of
wakdochideayi ng from 1 to about 20 carbon at ons; PEI/US2007/065499

hal i de; or hydrogen; as |ong ai t hese groups do not

termnate the activity of the étalyst conposi tion.

Further, this list includes substituents that can be

characterized in nore than one of these categories

such as benzyl. This list also includes hydrogen,

therefore the notion of a substituted indenyl and

substitdhempk$ubﬂémwk:@nmhumsgdpammﬁambynda@ubaﬁ@dnmlmﬁwd

f
oo, BT Sl PSS LA B s TG e n
anohllqmtyhggodp odrl slbaddenyl ggmpupwdif:xgnm esd afie dke hndfincludes all

o SByBRE b GraiBled. PR Bt Bl B kG ccn

Sael @ohrrahioé @asingtfhvet Wwins ao &u}be@u 10 estborRatosnsi ndepe ndightic ygroups

Zelclsgﬁl eg b&{ 8%})110‘[ H}?}![elgpha]t]){f&?qga &Jst %ﬁglé?l{a%% andga{llgel}ll Is. For
subshinplet ﬁq)hdteo" gl‘éﬁﬁsl Meusthrdren fmcmcré%aﬁiﬁ n@hﬁuproﬁylt n-butyl, tert-
limted to, a de-, an al koxj d

an els a%sttwtxluﬁ@%utﬁn ansl laqana/érlil%k |°\Y%10]E‘€H‘élr 5Pyl ey loponyl,

whi (fet!ylh@&ie%l ozrbtﬂylh&ya bemttny? bueayban @t gis; or
hydr ogen so included in these groups are any

1% nsu bst iFamals obramalifesroursy in| qaplagcuBRgR ogglude, but are not limited
t heg, e QenkK atfﬁBhtﬁ?l Qdﬁlth%cbm abh L (g ﬁk’ep Smclh(ﬂn? a;sﬁlpstltuted derlvatlves

occurrence, | nc but™ are not |m ed an al
gr obgreofa ieyearlo mcm}rrengﬁr daping afvora | &k derydbotr 8% p:ar‘t@ns Substltuted

Cycde?%t'ﬁ%g‘yo'f QAU ccﬂﬁboﬁhéy Pw\éiéld?,{ﬁgpareaﬁg)t ?Hnlﬁf%ﬁ' %”3{41)(1 xylyl,

group, a cyclic group, i ncl'udes
s ubm¢siity Lipstithe Liks utt@étdmgwm Hetetontamctubslitutechderivatmeahereof.

nal ogs FXhmPfel Iotv yc 1c o ué gbeedglg D cuHeI(ia' ce, 151018&2'.%{1{2&98& limited to,

avi ng frontone carbon ato
al Icp'hh)baraffg}s myp]so]eﬁn‘si uﬁcﬂoacblytenar eren@tsukh ad pleadyl; b;cychc groups

oy i 1R PRt AR BHHZ LT e R, B foop(lse naving from
met dvpht, 3 ©tabyht,20[a:0PY btomd- Mttiyleterdsrh-butisitutedopeliditbyds such as
hexyl , cycl ohexyl, heptyl,

I SO a soanyl ,
ocf@ﬁmyﬁﬁﬁ n%dﬂ%%§@n dodecyl, 2-ethyl hexyl, pentenyl,

20out enyl ,In @a¢h blwreadse ah@éﬂﬂﬁh@%y@lfc garro@;sgaﬁﬂecgrgmmpnhlﬁg an
each occurrence, |nclude but are not limted t

pheatiphaticpepanapd a caﬁlew%%wmpé%d)fﬁ*ﬂ’écm ipglade, ch%r% aptrignited

3Ubt§tgrbﬁﬁs%gc}ﬁa%“ mzr)m Rb%&%ln nd 9 af §RELPHEMI T 8R6Sut 10, and
having from6 t bout 5 ‘carbons. Substituted

derq {afjinteszer éﬁomalr @rﬁaﬂncelsW@nﬁ%ﬁd@aﬂqﬁ@rqmre%m is gh gtgggt from

L m {oeagoﬁtQO iR @’1% an ﬁl\(égﬂ frorﬁqstbtlylmclﬁ’sn\% bhe %CH&)mégH Ro.q wherein
i ncl udi ng any heteroatom substituted deérivative
2% hanepfn integer from 1 to about 10, and q is an integer from 1 to 9, inclusive. In each

occurrence and as defined above, R is independently selected from: an aliphatic
group; an aromatic group; a cyclic group; any combination thereof; any substituted
derivative thereof, including but not limited to, a halide-, an alkoxide-, or an amide-
substituted derivative or analog thereof; any of which has from 1 to about 20 carbon
30  atoms; or hydrogen. In one aspect, aliphatic and cyclic groups include, but are not
limited to: -CH,C¢Hs; -CH,CgH4F; -CH,CgH4Cl; -CH,CgH4Br; -CH,CgHyl; -
CH,C¢H4OMe; -CH,C¢H4OFEt; -CH,Ce¢HsNH,; -CH,C¢H4sNMe,; -CH,C¢H4NEt; -



Exanpl es of cyclic groups, in each occurrence,

i nclude, but are not |limted to, cycloparaffins,
weyerooloed i ns, cycl oacetyl enes, arenes such aspP@ITEsRD7/065499

bi cyclic groups and the |ike, ipcluding substituted

derivatives thereof, in each o&gurrence havi ng from

about 3 to about 20 carbon atons. Thus

het er oat om substituted cyclic groups such as furanyl

are included herein. In each occurrence, aliphatic and

cyclic groups are groups conprising an aliphatic

por€HEH1&kds; aCHycH iGeHgo r-CHowk (e K aPip Hets, (@, CuithiBrh-CH,CH, CoHal;

1L 358 0N OB G, [ SRR s -

abCﬂ]HzGEQC&éJNEtg anﬁregmsmmbletga'eoﬁ aralmang sil‘tBnﬁl;edl dedlanse vhereof.

about 1023 g S Rt RS Ty kbl pmice

or an(@dJCSHIRO_g wherein mis an integer from1 to

about 1?, %ﬁd %HIS an |nte%Fr from1 to 9,.inclusive.

I'n each 'BENOFEHEAC Y S SHEPY HE GORSByantaIRng groups, examples of
I ndependrRRdk Yous aleedt Bhifel Q6T alldﬁyfﬂr lap @yl grrowsqtmR) AU the like,
aromatic group; a cyclic group; any. conbinatio

t hepelpding éwtlfgt?sgﬁlilmf%hﬁé?fr PherHR tswél?Yéwclo?lhﬂr thafl: agkyl,

butsuBQftytbd BikyEdusQiutdd 4@l bf Substi@Rd kRN H®mg ¥ &No about 20
ani desubstitutfed derivative or anal og thereof; an

of
1Quhi G@FPOR Z60Ms: oframpies oA BBQEY ODARRKY 8FPUBY GREY) gEups include, but are
hy
8 B ASHRE PSS PR S MR, o
- CHRCBEMC : - CH2CBHABr : - CH2OBHAI © - CH2CBHAOME:
Qe BTN o N PR Bl s o
- CHPICHR QaHidRy but GHO GHRTBHAd to, -SBHRAEHRES HikoMincluding substituted

CRTREIE (R PERI R REOR PG, o s

submbhﬁmt@dmﬁbmﬂmaﬁmMenyMere@ﬁumﬁﬁam@kﬂémmmgHQM1desabmuzo
in eq) ccurrence, include fluoride, chloride,

br off 08, *°ARd i odi de. In each occurrence, oxygen groups
are oxy ge reacho BécRirBihdd g ni@oGeHD §r0u@( aﬁphﬁéﬁgeﬁfcomhmﬁig groups, which

i ncl ud but are

o GOR A% et Pied fke MR e vl S e A ik including
2(ﬁer§ub5§tit1htb‘(ﬁ§erivbﬁxfe€ ﬂfereov\hﬂfeﬁslmR& ba‘éh @kdﬁYﬂemceGyﬂkﬂ%)‘é}dalkyl aryl,

aryl, aral substituted al kyl, substituted ary

sub%i‘lkffluﬁ‘éhﬂy itgfed | allyl. pbyttaigd faﬂén?rls‘tbétmé‘ﬁé dalisg I@éimgofrpm L to

at ofeut oamhesnRf al koxy or aryl oxy groups (-OR
groups include, but are not limted to, nethoxy,

et hoxy, 'Progbr§eurBifeoRYosPpHEn xS St hesphrretcqdlvg Eroups.

andyhich include, but are not limited to, -PR,, and the like, including substituted

25  derivatives thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl,

substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20

carbon atoms.

In each occurrence, arsenic groups are arsenic-containing groups, which

include, but are not limited to, -AsR,, and the like, including substituted derivatives

30  thereof, wherein R in each occurrence is alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20 carbon atoms.



the like. In each occurrence, sulfur groups are

sul fur-containing groups, exanples of which include,
wheio7at®Inot limted to, -SR and the |ike, i ncP@MUSIY07/065499

substituted derivatives thereofl6 wherein R in each

occurrence is al kyl, cycloal kyl'; aryl, aralkyl,

substituted al kyl, substituted aryl, or substituted

aral kyl having from1l to about 20 carbon atons. In

each occurrence, nitrogen groups are

ni trogen-cont ai ni ng groups, which include, but are not

l'i mi t ed Th osach NRRurEmcqygartyl gigrpups, caheh-tdngiting egroups, which

: ﬂcégg%n%gﬁﬁgfnteo% Ll%e%ﬁt?&’ « %Lk)y}/ %&hd‘é%%o%'g ‘%ﬁaﬁo ompyx'%%’eﬁa%ldg—sﬁstituted

ar adl]k}ylgrougub/&;thllttmt‘t&)dt 2 éa]lbqn ascmbs talkbmstle)d alkegl haladte groups with 1

subst t ra o0 about. 20 carb
SRS EOL B L, DR LS (TRl R EP4EROR curon
P hosphg abthe tiki amdlud’lg (yboitpsd darlvatdles theedoide, but are

not limted to, pd the like, i.ncludi

Cubst | ¢ b obgier VTR ST POBR: it SHEHERUTG s, which

OCCHEI@NGat 418 ndl kinlted &Y @il}qagr&? ,su@hr MkylsiBl @kdiph, , arylsilyl groups,
substjt ut ed al kyl , substitute or substitute

ar awly\kyﬁ%gf@lpf YRS s fbe 1216’ zybwbélheaa%l SRRITERGs have from

eachupﬁ%ufﬂﬁ&ﬁ&nlﬁ&ﬁ@nF&f&&QMESmﬁ&ﬁlQﬁﬁﬁﬂh&u&ﬁ%&@ﬂﬁgﬂﬁlmﬁ
roups, which include, but are not limted to

”bndﬂFH@O¢Y%@dgKWé$udlng substituted derivatives

t her eof .1, WRGr QL BreRed, Bo%ﬁ%tbu%: %%B%ﬂ%%nﬂaﬁn@ %’?bﬁ!tps, which include,
cycl oal kyl, aryl, aralkyl”, substituted al

subst preutoeHméted/to, -Bo. Sis tBRY wherein & iy mmlinnlgc Eroymsych as
to phgut hﬁﬁldgagﬁ&ﬂd@t A {hfbleﬁé‘cﬁhdoﬁl%“% C"aﬁﬁl nC?rE goﬁ in each

groups ‘are carbon-contai ni ng groups,
butocawreennots hlkph tedodliy], abkykallhdl suietitgted wps/l tsubitituted aryl, or

(£ BGRLAIRSRI Lol bXiegt gRs, M4 L, 1t0

bou! ken I”"or "al Kenyl hali
groups Wihiih id ohe aaieotutheZa@ lezar mﬂanaraummlloeanaldfylms @rvention can

ar al k 0 about 20 carbon atons,
and’ Pﬁ’élsﬁ?%oénpouﬁiﬁﬂ%gﬁ}g é[rJIBg ituted derivatives
thereof. In each occuciﬁnbex)@f%MC@Mx@ﬁoups are

silicon-cont n% h i ncl ude, but are not
limted to, taﬂg% ‘%ﬁ%ﬁ” ?%9@%|Iyl gr oups,

20rylsilyl gr (m”ganq aly hl@|1i_fdéE§ﬂ_d|eft’tly DEudbRGted SlubreX) or a substituted
groups, and the |i ke, which in each occurrence have

frdﬁ?%wko about 20 carbon atoms. For exanple, silicon
groups i ncl ugdge bk OhSix!Yandad) is a bridging group bonded to both

(X") and (X*) and having the formula CH,CH[(CH,),CH=CH,], or a substituted
analog thereof, wherein n is an integer from 1 to &, inclusive;

25 (X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and

30 any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is

independently an aliphatic group, an aromatic group, a cyclic group, a combination of



phenyl octyl silyl groups. In each occurrence, boron

groups are boron-containing groups, which include, but
wae@®7not9ld i mted to, -BR2, -BX2, -BRX, wherei nPXI/US2087/065499

nonoani oni ¢ group such as haliiﬁ, hydri de, al koxi de,

al kyl thiolate, and the |ike, d wherein R in each

occurrence is al kyl, cycloal kyl, aryl, aral kyl,

substituted al kyl, substituted aryl, or substituted

aral kyl having from1l to about 20 carbon atonms. Thus,

I n one aspect, the at |east one -netall ocene of this

i nvaéiphfitt@nandacrydi@ gpps enaoxyepewnpl Hawfungroupe af owregeh sgroup, a

RS S0 5 L O LSO By

fl ugmqny]hy afrwlactshal sigiftout Bt 20rualﬂmy htonsnehdidlstr ihydregdn. on

(X1) and ( IS a ng ed t X1

and (xz?na ek PREETE RB Y PR DY (o] Somol bf ormula
or @ sxhet’ixine dambalingpdndersodlecieb €ropi Bn AlipitiaRroup, a cyclic
integer from1lto é cl usi ve; X3 and (X4) are

i ndEPh dernitjnatiqy ofan @:tha%? gr%‘P d az‘jyc ¢ ﬁgp&Po%?%W group, a

gui@sﬂhada BehupPad QUDHER BT, airpratﬁylo;drhe efouH4; su3§t1t1ﬂed or an
car byl ox| de a_ hydrocar byl am no group

t r .w ehed lfaélpqugfpnag? Gupibstiigd of awpwstﬁateg ﬁ@fn%ﬁalfwte or a
20 tﬁalwmylaé%bstﬁﬁtedlhem% hebf, %@Bﬁvmm ﬁﬁxﬁh%:frgiﬁ 1 8§ about

an al kyl 'group or an aryl group { whi ch havi ng

1qp %Oocal@n@éﬂi%ﬁr whelids; land aaeierasmsst (XUend Oéa afehlédependenﬂy
bri dgi pg &r&qu) @Mr&ql@w ér@ﬁ}@flawﬁ%%ttbby%ﬁ%orpﬁoﬂlpq{ or BHy; 3)

substituted fluorenyl, and any ditional substituent
on & helrgpatbytoxidgteaeipi b@@twaﬂb}éamln@i apendart trifiydgpcarbylsilyl group,

al nglpaotf'“ﬁn&f&%? L@ %%}%g GtoHsCHPORRA CHEED RATLAUBM  is an
co nation ofa atic and cyclic groups, an’ oxygen
gr oyl groupubrfanrarglr wyoyn, aay of whotdnvige onpe 12 cthos phorsusin still

lﬁr &Bt’hela Qsp@gt,bgf‘ i))gncg )9 E Bre 1%de§p%ﬁc¥ég€% %l%cltje% frcﬂn% }{ydPo%QrEyl having
20 mn Bon aabwnis); catbohaltomise or @rhalided rmgmmheﬂ xspean,o(vﬁ)eand (X4) are
aspe i nvent i X4 the f
Oty Sl B @i abeRRembriies & sy Brfieoer
an @bd:onh@i' ) an@roUp areaclly@dd. ¢ In still another aspect, (X°) and (X*) are
independently a hydrocarbyl group having up to 20 carbon atoms, H, or BH..
20 A further aspect of the invention provides that the at least one awmsa-

metallocene of this invention comprises a compound having the formula:

(IA), wherein
M' is zirconium or hafnium;
X" and X® are independently F, Cl, Br, I, H, BH4, methyl, phenyl, or benzy];
25 R', R?, R®, and R* are independently an alkyl group or an aryl group, any of
which having up to 10 carbon atoms, or hydrogen; and

n is an integer from O to 7, inclusive.



group, a conbination of an aliphatic group and a
cyclic group, an am do group, a phosphido group, an
wa@bkdyhooddle group, an aryl oxi de group, a substPCTUSHOTO65499
an unsubstituted al kanesul fonaig, a substituted or an
unsubstituted arenesul fonate, atrialkylsilyl, or a
substituted derivative thereof, any of which having
from1l to about 20 carbon atons; or a halide. In yet
anot her aspect, (X3) and (X4) are independently: 1) F,
A, Br, or I; 2) a hydrocarbyl group having up to 20
car bon at gms andther gaspdkdthe 3) leasthyuelr eesarthgthlbxerteoiyhou myvention
ah rb m r , 1 trihydrocarbyl silyl
ar oéljog{p%g%f C\él‘“ %%Il{agﬁg]ﬁg\ﬂ% nfa%uégt o 20 carbon atons; 4)
OBRA 2 or SOsRA, wher eif
aryl group, any of ®hi
In still another aspe
i ndependent|ly sel ecte
1 to about 10 carbon ato 2
aspect, (X3) and (X4) ar ey pendent |y sel ected from
fluoride, chloride, bronkde, or i adiAdewhdreinyet anot her
aspect, (X3). and (X qare. chloride. In still another
aspect, “%‘Xé%lr%\oﬂ?&m%% Y% i ndependent |y a hydrocar byl
group hagiang xtharé md2@naatlpENCRBOTEH, BiL, afetBHphenil, or benzyl;
further aspect of the invention ovi des thait t he at

P .
| east oo RndihRtur MEERAESTE of RIS FRYRHAGH SHipr 3y o which
a_ CioAPRWRdo NG Adis, DOyliedn; duliA) . wherein ML is
zi rconi um or_  hafniu X7 and X8 are independently F,
c, Br, i apntegepfromBinGlinclisieny| | or benzyl; Rl, R2,

R3, and AaRf ea\i%e_@fj ePandentdnYioR HréVikd! atIfcQUPoR! oAN-rtMlocene
group, any of ich having up to 10 carbon atons, or

1y droawaning agempovnd haying the dyewles r om 0 to 7,
FS east one

an al kyl group or an

@Y AGRIp to 12 carbon atons.

3) ,apd (X4) are

5 gﬂrocarbyl havi ng from
hal i de. 1 n anot her

- et al P thlzs i nvent i OnR3 a.geonmpound
havi nB il & (HA), where coni um or
haf 7 ahd.xX0 are inde & 20X’ Br, I, H,
BH4 emfl , or benzyl; ami®R7 are

I ndeperiden H+kyl group or an ayyf oroup, any of

(IA-1), R’ (11A-1), or a
combination thereof, wherein
M' and M? are independently zirconium or hafnium;
X', X%, X?, and X' are independently F, Cl, Br, I, H, BH4, methyl, phenyl, or
15  benzyl; wherein at least one of X" and X® is H, BH,, methyl, phenyl, or benzyl; and
wherein at least one of X® and X'%is H, BH,, methyl, phenyl, or benzyl;
R', R% R’, R* R’, R%, and R’ are independently an alkyl group or an aryl
group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive.



having up to 10 carbon atons, or hydrogen; and n is an
integer fromO to 7, inclusive. Another aspect of this
w0 pooentdoen provi des at | east one -netal |l ocene PCT/US2007/065499
conpri sing a conmpound havi ng t?g formul a: conbi nation
t hereof, wherein ML and M2 are fndependently zirconium
or hafnium X7, X8, X9, and X10 are independently F,
a, Br, I, H BH4, nethyl, phenyl, or benzyl; wherein
at least one of X7 and X8 is H, BH4, nethyl, phenyl,
or benzyl; and wherein at |east one of X9 and X10 is
H, BH4, StHtdmpther pipedtydf thipnnvigetmanyprovilkds, at@ast RB; a/Rg,mdRBlocene

or ST B PR SR 16 TP arom,

group, an g up to 10 carbon atons, or
hydr ogen;—-and A&;, i n each occurencg;~\ S an i nteger
from g @ ive. Sti RP Q@Q Rfect of this

i nventi Doy des, at | eas Te Bt al |yecene

conpr i Qund having ‘th M9l a: (1B), (HB),
or a conbinati on % hereof, wher ei ahd M2 are

i ndepefd Bni um or haf ni , X8, X9, and

X10 are iwdepesdent | IBE, Br, nRthyl, or HEBgyr:a Rimbination
R2, . R3 4, R5, and R6 are independently t-butyl or
hydpgﬁg%;%éﬁmis H, nmethyl, ethyl, n-propyl, or
M- but yl ,Madnd M, aré hd@RaMNen®l9 GLiEdn@NE 65 hafisu@n | nt eger from
1to 5, inglysive. ;Jn a furthe spect he at | east
one - metal Kocer@aof” HRmepsIERbi e St cebhiog: s
sel ect eR'fRORY, e, ROBRPRINS e RRAVpAGerdRR-bIBT Fly@ioge®l any
conbi natj.on thereof, wherein n in each occurrence is
an i nt edens Frehyl ¢tBylsn-prongh ersh-0wyl Misher ous processes
to prepaf & a8t cLRGRRGs SRR | iR, isdniRe enpl oyed
in this invention have been reported. For example, .
1y, s, Patlern fwgsr aspegBgho way lesst pgq , arsp mellogepe 3gthis invention
S, %%Eap%e@; r399, 630cteR 4@3111,812' gbmén%gn(?’z%aviﬁgdfstﬁe 308rmula:
5,451,649, 5,496,781, 5,498,581, 5,541,272, 5,554,795,
5, 563, 2 : T, 8807\ 5, 594, 078, :
5,631, 3 ﬁ @«. 5, 705, 578,

wMe =




5,705,579, 6,187,880, and 6,509, 427 descri be such

nmet hods. Ot her processes to prepare netall ocene
weewpoues t hat can be enpl oyed in this invent PORURAOB065499

been reported in references SUSQ as: Kdppl, A At, H

G J. M. Catal A 2001, 165 3; Kajlgaeshl, S.;

Kadowaki, T.; N shida, A ; Fujisaki, S. The Cheni cal

Soci ety of Japan, 1986, 59, 97; AIt, H G; Jung, M;

Kehr, G J. Organonet. Chem 1998, 562, 153-181; Alt,

H G; Jung, M J. Organorret Chem 1998, 568, 87-112;

Jung . ar al Di sser Uni versity of
Bayr eut C.,« €ut h, GetrBy @ TtPiefer, B.,
Doc¥or Y sogr.t8tio (Ve s\i\zt y“C(bf Bayr euth

Bayr eut h, rra?yl 1995: nk‘ClR Doct or al

t-Eh., Bayr eut h,

Di sseBi g ) pitBer Si ttBy—g
t i sesoahksp cdmbimntidie thereof,

Ger many, : The fol I ovvi +
such net hods ; C%o L‘?, R.IS. P.;

Vi Y r%}nnHle"ich 0%?*&5‘?%&%%‘1“?%9 B S PFBHTI t ani um

éa r g_onl l]{[’gime:i])(n@ ptﬁ%ﬁbympré@&dlﬁ&hlmcgwm}ﬁ@ﬁﬂfds éﬁa@Eéh be employed

rdin, D. J.; La . an S . L.
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The Organoaluminum Compound
In one aspect, the present invention provides a catalyst composition
25  comprising the contact product of at least one ansa-metallocene compound having a
pendant alkenyl group attached to the bridge of the bridging ligand; optionally, at
least one organoaluminum compound; and at least one activator. Thus, the

designation of the at least one organoaluminum compound as optional is intended to



having from 1l to about 10 carbon atons. Exanples of

(X5) noieties include, but are not limted to, nethyl,
weedwyih1sops opyl , butyl, hexyl, heptyl, octyl, aPdr/ukm07/065499

i ke. In another aspect, exanpg?s of (X5) noieties

i nclude, but are not limted to, nethyl, ethyl,

i sopropyl, n-propyl, n-butyl, sec-butyl, isobutyl,
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1§ o erriypdagndning Aumber okt 1y 8.dnelhiiviunin one aspect, (X°) is an alkyl

tr !}94591%3{“{0% WS K46 16 Edrbiat XA UEQaﬁff)'l'@s of (X°) mojeties include, but are
tri-n-butylalum num (TNBA), triisobutylalum num

( TIBA)imited j thewgthal, @Hiyhuwppyl.r buitd o hesyy| kebivhi eetply and the like. In

tri ' YR i ' i .
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or amy, sopopylanipoepyl,hebek, se¢-butyhasqbatyl.i théxat, 2chéeyl, 3-hexyl,
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tri met hyh ahaimrmum ALK ROyl ahuigi dimber from 1 to 3 inclusive, and
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chl #litelikeqy any conbi nation thereof. In one aspect,

the pr emterahﬁve%%{) @ﬁofi&’gﬂ{o‘aﬁlﬁﬁn&ﬁ 86AFYuREd 1hBGcah R used in this
ansanetal | ocene with at [east one organoal um num

cor#B‘cﬁlilﬁ@In arislyle, oPWf ige ndgfortaritadg to, trialkylaluminum  compounds,

dialkylaluminium halide compounds, dialkylaluminum alkoxide compounds,
25  dialkylaluminum hydride compounds, and combinations thereof. Examples of
organoaluminum compounds that are useful in this invention include, but are not
limited to trimethylaluminum, triethylaluminum, tripropylaluminum,
tributylaluminum, tri-n-butylaluminum (TNBA), triisobutylaluminum (TIBA),
trihexylaluminum,  triisohexylaluminum, trioctylaluminum,  diethylaluminum
30  ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or any combination
thereof. If the particular alkyl isomer is not specified, the compound is intended to

encompass all isomers that can arise from a particular specified alkyl group. Thus, in



forma precontacted m xture, prior to contact this
precontacted m xture with the solid oxide
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'S ppoqfnzlérggt?onhrggc%rn Therefore, total amounts of organoaluminum compounds are
disclosed, regardless of whether a single organoaluminum compound is used, or more

25  than one organoaluminum compound. In another aspect, typical organoaluminum
compounds used in this invention include, but are not limited to, triethylaluminum

(TEA), tri-n-butylaluminum, triisobutylaluminum, or any combination thereof.

The Activator
30 In one aspect, the present invention encompasses a catalyst composition
comprising the contact product of at least one amsa-metallocene compound as

disclosed herein; optionally, at least one organoaluminum compound; and at least one



Chemcally treated Solid Oxide Activator-Supports In
one aspect, the present invention enconpasses catal yst
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typically used in conbination wth an organoal um num
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conprise at | east one solid oxide treated with at
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bond between an
25  contacted with the electron-withdrawing anion source. In this aspect, the solid oxide

compound can be calcined or uncalcined. In another aspect, the activator-support can
comprise the contact product of at least one calcined solid oxide compound and at

least one electron-withdrawing anion source.
Typically, the chemically treated solid oxide exhibits enhanced activity as
30  compared to the corresponding untreated solid oxide compound. This type activator-
support also functions as a catalyst activator as compared to the corresponding

untreated solid oxide. While not intending to be bound by theory, it is believed that



anionic ligand and the netal in the netall ocene. Thus,
the chemcally treated solid oxide activator support
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25 In yet another aspect of this invention, the activator-support further comprises
a metal or metal ion such as zinc, nickel, vanadium, silver, copper, gallium, tin,
tungsten, molybdenum, or any combination thereof. Examples of activator-supports
that further comprise a metal or metal ion include, but are not limited to, zinc-
impregnated chlorided alumina, zinc-impregnated fluorided alumina, zinc-

30  impregnated chlorided silica-alumina, zinc-impregnated fluorided silica-alumina,

zinc-impregnated sulfated alumina, or any combination thereof.



i nvention conprises a solid oxide of relatively high

porosity, which exhibits Lewis acidic or Brnsted
wa@edioditesobehavi or. The solid oxide is chem cal | BCT/USBDEEH5499

with an el ectron-w t hdraw ng 08 onent, typically an

el ectron-w t hdrawi ng ani on, orm an
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Muri |l | Bochmann; M Advanced | norganic
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|nv nnglf;%%'c'}zd udle%gut ar ;1%1‘ ]I&h%‘v\‘/@gz{;}%onééégc%%%% FA.
LaZVmﬁklnM'hZGi MMIQZ C. Al; Qld B2&man BB vaBidnor@nkie Ch&h &y, 6"

T H e b T Lo A S b s b and

20 hele@obne ExdeMlsalscted o xadBORBE, d8SClhad, a0u e, Baet, IMIn, Mo,
t he actlvator supﬁgrt of the present invention
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La, M, M .. .Sn,
the chemlcally treated solid 0x1de of the present invention include, but are not limited

to, Al,O3, B,Os, BeO, Bi,O3, CdO, C030,4, Cr,03, CuO, Fe, 03, GayOs, LayO3, MnyOs3,
25  MoOs, NiO, P;0s, SbyOs, SiO3, SnO,, SrO, ThO,, TiO,, V1,05, WOs, Y>03, ZnO,
7Zr0,, and the like, including mixed oxides thercof, and combinations thereof.
Examples of mixed oxides that can be used in the activator-support of the present
invention include, but are not limited to, mixed oxides of any combination of Al, B,
Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, N1, P, Sb, Si, Sn, Sr, Th, Ti, V, W, Y,
30 Zn, Zr, and the like. Examples of mixed oxides that can be used in the activator-

support of the present invention also include, but are not limited to, silica-alumina,



Zn, Zr, and the like. Exanples of m xed oxides that
can be used in the activatorsupport of the present

w0 pooentdoen al so i nclude, but are not |imted tPCT/US2007/065499
silica-alumna,silica-titania, ,silica-zirconia,
zeolites, many clay m nerals, 6gllared cl ays,
al um natitania, alum na-zirconia, alum nophosphate,
and the like. In a further aspect of this invention,
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fluorozirconate, fluorosilicate, fluorotitanat

subSemplas e detrimraibdring: @iens | Relviss Pt R 108 fimited to, fluoride,

SUb@n‘ldrIdHt QforRide UNSHRSt piddpiogt, aBNRES Ubik kel esuiaRd ﬂllitﬁ?oborate
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Ser ¥R raficRUNIGS Stithic, LHRERE! &%E&@ﬁtﬂ‘leﬁ hflfa Al ohaB) s Wi ftuted
can al so be enployed in the present
25 or unsubstituted arenesulfonate, and the like, including any mixtures and

combinations thereof. In addition, other ionic or non-ionic compounds that serve as
sources for these electron-withdrawing anions can also be employed in the present
invention. In one aspect, the chemically treated solid oxide comprises a sulfated solid
oxide, and in another aspect, the chemically treated oxide comprises sulfated alumina.
30 As used herein, the term alkanesulfonate refers to anions having the general
formula [R®S0,07, wherein R® is a linear or branched alkyl group having up to 20

carbon atoms, that is optionally substituted with at least one group selected



invention. In one aspect, the chemcally treated solid

oxi de conprises a sulfated solid oxide, and in another
w@gpeais093 he chem cally treated oxi de conpri sSeBCT/US2007/065499
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sel ect edi ndependently fromF, d, Br, I, O4 Ow, OCEt,

OCF8depPindentty ifrp, F,rgds Br,yil OHoIOMNBRH)ELTROE;, Rbhaylyl, mesityl, or OPh.

al sl f e ref err S titut .
o BISSH 2P S4TSR, 181 AR % 3 BuRB L b gl
al katkangyudfopatof Intdve agick@riesilityl grap ef tanlkassselfaptd aan h2ve up to
car ﬁon at ons.

| th th I f
¢ el AR RRERbeEIR o 508 Fuf R RuR gpo have
Up poto®R cabdnodtodt, aiBp tb 16 daedon anmish el y&s pietier agcanpkasples of

g;taﬁ]%gé]@f'o#%%gg ltl ezli)lil}gﬁelelquﬁ E%t?i%oe %re%_arrl]e%{:ﬂfér{a‘[g, 1e::t%a‘i-jnetsé:ifonate, 1-
pr apapesuitbenat e, 2- ppgpanesulberat e, 3-methylbutanesulfonate,
3- et hyl but anesul fonate, trifl uoragnmethanesul fonate

t r i EHPYPBRBEIAHERaT JRishleromerirerblieeitangdlermeiarcaulfopate, 1-

hy diyaxketiiaRatshienat e, 2yl oM ogaRidRanesul f onat&noxy-2-
1- met hoxy- 2- propanesul fonate, and the like. Al so as

1Qs eggorpepaifanat. ged the fiks-ar enesul fonat e refers to anions
havi ng thg, 9§rﬂ1§t{dahergiﬁ,r ! Rerh Al RHatk TefeW Y QﬁiQnSAﬁaD\‘/iinsg the

is an aryl group, having up to 14 carbon atoms, that
optgeosral foymulatar ISQUOEdwhirein A’ ik eastyl enapgrasing up to 14 carbon

sel ' - : ;

o B ol A SREPIRELIN AT G e gl paBnsns
t hefrem En€ks BF.flovat i, raipuleH r@¥er@edOPo G, @CEu Pt ¢rtQithedhus,
190 e HASUDRE a{e“h%d BL elf‘ef%frg& fanate; LB Qn& as pngtLBls&l!g{gltuted
aryl “~group of “the arenesul fonat € can have up to 1
cardverswifonas. Il oncanspdchelic @agpgotp oftthe amneshilfgraeupn dhvet dpeto 10
arenesul f onat

can have 6 carbon atons. |In anot her
ceanen g fi &8l BisaR 46 Prah BreBt A M piae Plgpgead Have 6
notcatbofiatonth. tio yetadohenmpact, feRamaples of arenesulfonates include, but are not
napht hal enesul f onat [ >-1 ol esul f.onat e,
t o Tises bt £ qecacuiforts, | BRBEHFRGHATAL:  p-toluenesulfonate, -
20 1 i thlusds@IfEaROX Y benzaprastuffenad €,  trifluoromethoxybenzenesulfonate,

trichl oromet hoxybenzenesul f onat e, .
tri tflp]g}aqogﬁgpmegéqqg%l}f@%q, fonat e trifluoromethylbenzenesulfonate,

t r i giBhigroarBl hRef: 8RSy Inh 8108 L enesulfonate, chlorobenzenesulfonate, 1-
f1 uor obenzenesul f onat e, chl or obenzenesul fonate, 1-

hy &Yé@é@th%b%ﬁ?éﬁ@@qef %ﬂa@r@—ﬂ—methoxybenzenesulfonate, and the like.
3-f 1 uor qyfs Rt Q%%&?thﬁd}%ﬁly&%&%ﬂt %ﬁs’@@ alshiK&f a%{v%ge?tron—

the el ectron-w thdraw ng conponent conprises a sal
25%n withdeaying apiphdhagunggrion or cation of that salt can be any cation that allows

the salt to revert or decompose back to the acid during calcining. Factors that dictate
the suitability of the particular salt to serve as a source for the electron-withdrawing
anion include, but are not limited to, the solubility of the salt in the desired solvent,
the lack of adverse reactivity of the cation, ion-pairing effects between the cation and
30 anion, hygroscopic properties imparted to the salt by the cation, and the like, and

thermal stability of the anion. Examples of suitable cations in the salt of the electron-



ani on, the counterion or cation of that salt can be

any cation that allows the salt to revert or deconpose
whawk/115093 he acid during cal ci ning. Factors the€T/US2007/065499
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t ypt REFPY W ¥®Eent conpounds, al t hough they can be
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conmpound to forma first nmixture; and 2) calcining the

first mixtapelder gseer pf tthie 1@@ntign, othe gwlid oxide activator-support is
act i ¥@lc0d P MPROLE comprising:
25 1) contacting at least one solid oxide compound with a first electron-
withdrawing anion source compound to form a first mixture; and
2) calcining the first mixture to produce a calcined first mixture;
3) contacting the calcined first mixture with a second electron-withdrawing
anion source compound to form a second mixture; and
30 4) calcining the second mixture to form the solid oxide activator-support.
Thus, the solid oxide activator-support is sometimes referred to simply as a treated

solid oxide compound.



I n anot her aspect of this invention, the solid oxide

activator-support is produced by a process conpri sing:
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r educi ndn atetixs pheceofsbe mvagiohyidie sgéhoxide component used to prepare
the chemically treated solid oxide has a pore volume greater than about 0.1 cc/g. In
another aspect, the solid oxide component has a pore volume greater than about 0.5

cc/g, and in yet another aspect, greater than about 1.0 cc/g. In still another aspect, the

2
25  solid oxide component has a surface area from about 100 to about 1000 m /g. In

another aspect, solid oxide component has a surface area from about 200 to about 800

mz/ g, and in still another aspect, from about 250 to about 600 mz/ g.
The solid oxide material can be treated with a source of halide ion or sulfate
ion, or a combination of anions, and optionally treated with at least one metal ion,
30  then calcined to provide the activator-support in the form of a particulate solid. In one

aspect, the solid oxide material is treated with a source of sulfate, termed a sulfating



car bon nonoxi de, can be used. |In another aspect of the
i nvention, the solid oxide conponent used to prepare
wo b@7akend cal ly treated solid oxi de has a por ePDUIMRT/065499
greater than about 0.1 cc/g. S anot her aspect, the
solid oxi de conponent has a po @ vol une greater than
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than about 1.0 cc/g. In still another aspect, the 2
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chloridéd silica-alumna; fluorided silica-alum na:
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(hexafluorosilicate) ((NH4)2SiFs), ammonium hexafluorophosphate (NH4PFg),
tetrafluoroboric acid (HBF,), ammonium hexafluorotitanate (NH4),TiFs, ammonium
25  hexafluorozirconate (NH4),ZrFs, analogs thereof, and combinations thereof. For
example, ammonium bifluoride NH4HF, can be used as the fluoriding agent, due to its

ease of use and ready availability.
In another aspect of the present invention, the solid oxide can be treated with a
fluoriding agent during the calcining step. Any fluoriding agent capable of
30  thoroughly contacting the solid oxide during the calcining step can be used. For
example, in addition to those fluoriding agents described previously, volatile organic

fluoriding agents can be used. Examples of volatile organic fluoriding agents useful
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about 5% by weight of the solid oxide, or greater than about 7% by weight of the solid
oxide.

In one aspect, the amount of electron-withdrawing ion, for example fluoride or

30  chloride ion, present before calcining the solid oxide is generally from about 2 to

about 50% by weight, where the weight percents are based on the weight of the solid

oxide, for example silica-alumina, before calcining. In another aspect, the amount of
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The sulfated solid oxide comprises sulfate and a solid oxide component such
as alumina or silica-alumina, in the form of a particulate solid. Optionally, the
sulfated oxide is further treated with a metal ion such that the calcined sulfated oxide
comprises a metal. In one aspect, the sulfated solid oxide comprises sulfate and

30 alumina. In one aspect of this invention, the sulfated alumina is formed by a process
wherein the alumina is treated with a sulfate source, including for example, but not

limited to, sulfuric acid or a sulfate salt such as ammonium sulfate, zinc sulfate,
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salt or metal-containing compound, includes, but is not limited to, gelling, co-gelling,
impregnation of one compound onto another, and the like. Following any contacting
method, the contacted mixture of oxide compound, electron-withdrawing anion, and
the metal ion is typically calcined. Alternatively, a solid oxide material, an electron-
30  withdrawing anion source, and the metal salt or metal-containing compound are

contacted and calcined simultaneously.
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25  the ion-exchangeable activator-support is not treated with an electron-withdrawing

anion.

In one aspect, the activator-support of this invention can comprise clay
minerals having exchangeable cations and layers capable of expanding. Typical clay
mineral activator-supports include, but are not limited to, ion-exchangeable, layered

30  aluminosilicates such as pillared clays. Although the term “support” is used, it is not
meant to be construed as an inert component of the catalyst composition, but rather is

to be considered an active part of the catalyst composition, because of its intimate
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25 and the porosity is enhanced. The resulting pores can vary in shape and size as a
function of the pillaring material and the parent clay material used. Examples of
pillaring and pillared clays are found in: T.J. Pinnavaia, Science 220 (4595), 365-371
(1983); J.M. Thomas, Intercalation Chemistry, (S. Whittington and A. Jacobson, eds.)

Ch. 3, pp. 55-99, Academic Press, Inc., (1972); U.S. Patent No. 4,452,910; U.S.

30  Patent No. 5,376,611; and U.S. Patent No. 4,060,480; each of which is incorporated

herein in its entirety.
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25  aluminophosphate, aluminum phosphate, zinc aluminate, phosphated silica,

phosphated alumina, silica-titania, coprecipitated silica/titania, fluorided/silated
alumina, and any combination or mixture thereof.

The amount of ansa-metallocene compound in relation to the ion-

exchangeable activator-support used to prepare the catalyst composition of this

30 invention is typically from about 0.1 wt% to about 15 wt% ansa-metallocene

complex, based on the weight of the activator-support component (not based on the

final metallocene-clay mixture). It was also found that from about 1 wt% to about 10
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pi | doaipeiding |aﬁ)é81fdid:seﬁdvdtﬁr @bﬁﬁﬁr\)ﬂndhf&n%ah@h%?sbi laygred mineral. The
conposi tions of this invention can be canbin
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NotpilidrBd &RYs,t Bn-cZ@@hidiCqaysl BRAAOHRABL ClaQX| Q@cﬁlata@h@l%@hfg’éﬂ%@ into
i norgani c oxides, and the iike. In one aspect,

t'ypi cal
suppeter orfcemptar slaygied minsrelyy@ixgd epdifuied Wﬂs ofhgigastgrals, and the

i NClddey aRHEobiBatil thhieht t §heh Ghe SkiliicCRtivator-support comprises a
silica-alunmna, alumna, titania, zirconia, magnesi a,

borlm«redr mu@rail die gampriignplly be freatedewithat irﬁaﬁabnetellmtrjblawlthdraWIng
2@l Uemi ﬁs@ dlah ] 'ﬂﬁl’gltnggl%?ﬂ]ﬁ&callytﬁ T RRERL is not

phosp ate ca, p ospha a-titania,
come@tﬁdmlﬂmrede@rolnr\m&vdta“tlw praon. f Forogxanheks/ gu lezst ede clay mineral

alqgh%@u$%ggﬂgq¥1&£g§g&% ion or mxture thereof. The

anount ocene conpound in relation to the
i onexchdfigealmkmls generally include the large group of finely-crystalline, sheet-like

layered minerals that are found in nature in fine-grained sediments, sedimentary
25 rocks, and the like, and which constitute a class of hydrous silicate and
aluminosilicate minerals with sheet-like structures and very high surface areas. This
term is also used to describe hydrous magnesium silicates with a phyllosilicate
structure. Examples of clay minerals that can be used in this invention include, but
are not limited to, allophanes; smectites, both dioctahedral (Al) and tri-octahedral
30 (Mg) and derivatives thereof such as montmorillonites (bentonites), nontronites,
hectorites, or laponites; halloysites; vermiculites; micas; fluoromicas; chlorites;

mixed-layer clays; the fibrous clays including but not limited to sepiolites,



activator-support used to prepare the catal yst
conposition of this invention is typically from about
wO27m1593 0 about 15 wt % - net al | ocene conpl ex, POEESHODO65499
t he wei ght of the activator- suggort conmponent ( not
based on the final netall ocenesClay m xture). It was
al so found that fromabout 1 wt%to about 10wt %
-nmetal l ocene works well to afford a catal yst that
operates at desired activities. The m xture of
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depRppdris A nRfallbife 20RERY, ALANAR@MihA8Is GldYpically calcined prior to
activator-support. In another aspect, the present
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| ayered mineral. The term"layered mneral" is used

her®0fCt o describe materials such as clay minerals,
pillared clays, ion-exchanged clays, exfoliated clays,
exfoliated clays gelled into another oxide matrix,
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1 teri allﬁ or%n Céect I'ese%{ 1%\0 t1§19 (I% 918&5' %n cgtqugteggrh%osmon

en the acidic acti

m nengirising,tor aamtalypltdompadlilgn Mphslﬁgﬂ&atomadztlpr@mcﬂ c&“ﬁuiﬂeast ansa-
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constit yge aaﬂéa@ﬁcﬁle@fgaﬁﬁb@fo@%?or%ﬁﬂob&%@orﬁ&ﬂmd; or

iii) any combination thereof.

In another aspect, the present invention provides a catalyst composition

25  comprising, or a catalyst composition comprising the contact product of, at least ansa-

metallocene; optionally, at least one organoaluminum compound; at least one

activator; and optionally, at least one organoaluminoxane co-catalyst; wherein the

activator can be selected independently from the activators provided immediately

above. Thus, in this aspect, this invention provides a catalyst composition comprising

30  the contact product of at least one amsa-metallocene; at least one organoaluminum

compound; at least one activator-support comprising a solid oxide treated with an

electron-withdrawing anion; and optionally, an aluminoxane cocatalyst. However, in



alum nosilicate mnerals with sheet-like structures

and very high surface areas. This termis also used to
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%il—oa—n

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer

; wherein

25  from 3 to about 10 are encompassed by this invention. The (AIRO), moiety shown
here also constitutes the repeating unit in a linear aluminoxane. Thus, linear

aluminoxanes having the formula:



In anot her aspect, the present invention provides a
catal yst conposition conprising, or a catalyst
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or ganoal um num conpound; at edlt one activator; and
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i ndependently fromthe activators provided i nmedi ately
above. Thus, in this aspect, this invention provides a
catal yst conposition conprising e contact product of
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solid oxide treated wi thpan el "BcR o wi. t hdr aw ng
anion and optionally an alunlnoxéﬂg "Tcat al yst .

Ysieqr](}lée{a[{n 1()) aiEcF %l%ylsl{&glglg at aL?/q {p (fa?@loaglntls! grrlld n is an integer

aI Uﬁ’@rﬂ OXRaREt SBaR alsd cAsRipagied 8¢ pRChventibe cat al yst
conposi tion of this invention has pol ynerization

act i vi t yUrthere HumEgraes FAn aljo hang ease STUHUISY o BYRRIBR 5ok

sThugyl,, 05 ganagtum ROX3NG a6@BPAUAMS %(zfg hWi&; aﬁlereln n A is the
activators, either alone or in conbination with othe

actiwiheb Pt thiresoprlinsts HuREUR, 2oy reit Fethe APHhY Qrtwp ﬁoordmate

condybat hfs V\h&b 1§ hﬁ BimleE 38U QBRIIRKIBARN YWIRUR represents a
conpounds. en’ t rganoal um noxane conmpounds are

us elgrngigal a&wﬂ g@mr@d R hepresean aguidgimgdlliyh gtohp; velipsem Rels @flincar
t he, QplnRpah B%@@M%@W&%@&H@S Wen the

organoa un1n xane conpounds are used i n conbi nation
160 t h ot Hdps, abmiivenanesscad ibs atroeseted gensiably by Hermulas such as (R-Al-

or ggf1o Iyml Q)g%ﬁesan%rt%e tlg@,y\gfvf}ére% Atllilgff? o%g 1tsq g’allya? Sli(r)lear or

or gaffoal um noXané& ‘co- cat nes”
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folveﬁg>mh|ch i su ntjau%¥ i nert t? the reactants, )
nt BridaiRinesanc, % HRRXAEF:  h 8 PLAYTANRIREHOG eplSRRIOPY!

be al,lﬁarﬁﬂoxa-ﬁhen%&tyﬁlMﬁﬁlofdﬁﬂpOSﬂthlhmﬁnﬂdiﬁl’fB? Ched- Butﬂélu&nnoxane, iso-

manner, can be col |l ected by nethods knomn to thos?

ski Qutylplpmnqgang, {-pentyalumifoxgey gyl umipgxpRg 3pryntylaluminoxane,

f i 1&d-BedtANumMHoxAREnBERY NS IifeRIROSH dohBrhatidR tREcof.
i ntroduced into the polynerlzatlon react or w thout

bei ng i SBhily @aanophymiipeanes padrdifferent tencs pf Roketme arc encompassed
2(0FONRAYA EreQJnt foRbrtioh nl‘ﬁ@tﬁh' AinSx2a0 (1A0I ORI 'aﬁlnﬁxlld:k%é‘ ¥Msobutyl
COTTpOUﬂ wherei n the al um noxane CO ound can
Cone‘},mmlgleanp @eedpical optional cocatalysts used in the catalyst compositions of this
invention. These aluminoxanes are prepared from trimethylaluminum,
triethylaluminum, or triisobutylaluminum, respectively, and are sometimes referred to
as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl
25  aluminum oxide), respectively. It is also within the scope of the invention to use an
aluminoxane in combination with a trialkylaluminum, such as disclosed in U.S. Patent
No. 4,794,096.

The present invention contemplates many values of n in the aluminoxane

formulas (R-Al-O), and R(R-AI-O),AIR,, and typically n is at least about 3.



structures, cyclic, or cage structures, or typically
m xtures of all three. Cyclic al um noxane conpounds
whawrngsovhe formula: -(-Al-OG)- r ; wherein R PGI/HS2007/065499
| i near or branched al kyl having from1l to 10 carbon
atons, and n is an integer from3 to about 10 are
enconpassed by this invention. The (AlIRO n nviety
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| i near al um noxane. Thus, |inear al um noxanes having
the formula:R is a linear or branched al kyl having
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C? eth
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al um noxanes are Pre pared fraomtrinethyl al um num
Alternatively, organoaluminoxanes can be prepared by reacting an aluminum alkyl
compound such as AIR; with a hydrated salt, such as hydrated copper sulfate, in an

inert organic solvent.

25  Organoboron and Organoborate Activators
As provided herein, in one aspect, the present invention provides a catalyst
composition comprising, or a catalyst composition comprising the contact product of,
at least one amsa-metallocene; optionally, at least one organoaluminum compound;
and at least one activator. The activator can be selected independently from: at least
30  one activator-support as provided herein; at least one organoaluminoxane compound,
at least one organoboron or organoborate compound; or any combination thereof.

Accordingly, in one aspect of the present invention the at least one activator can be



triethylalumnum or triisobutylal um num

respectively, and are sonetines referred to as
w@eioyfin®bhyl al umi num oxi de), poly(ethyl al um PCIUS2007/065499
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O 14 n r var.i
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copﬁer sulfate, in an_ ) o o
the catalyst composition of this invention have polymerization activity in the

substantial absence of organoboron or organoborate compounds.

25 In one aspect, as provided herein, the term “organoboron” compound can be
used to refer to neutral boron compounds, borate salts, or combinations thereof. For
example, the organoboron compounds of this invention can be selected from, or can
comprise, a fluoroorgano boron compound, a fluoroorgano borate compound, or a
combination thereof. Any fluoroorgano boron or fluoroorgano borate compound

30  known in the art can be utilized. The term fluoroorgano boron compounds has its
usual meaning to refer to neutral compounds of the form BY3. The term fluoroorgano

borate compound also has its usual meaning to refer to the monoanionic salts of a



inert organic solvent. O ganoboron and O ganoborate
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as p(ﬁﬁl%bh%/ﬁaﬂlﬁnﬂﬁle§ﬁ‘ﬁl$ls [B @Wﬁifﬂﬂroﬁfeﬂf{{d)ﬂlﬁ:ﬁy@b&ﬁ& ath}ﬂﬁénylcarbemum
ositlon conprising t he cont act@(fr oduct of

lq ed@&ral@%S birgtigporemethsbrhspyidrosan oBet ofe obikar g&ﬁ@ﬁ)@r dpigtures
Coctﬁ&@é)fy Sﬁxam@ﬁs of ﬂ@&@@g% HHR &%[H%Qﬁﬂ%q}lat%ﬁﬁgbe used as tc%catalysts

optionally, an activator-support. In this aspect,

cat laltlsfsmre@@m@ntlon otrlyds, brtarg e dintiied ta, érlftﬁmﬁﬁﬂﬂug@pmw)boron
act t I

i G A S A T R R

or ganoba¥ltieghcng antatdpsg ® i lwuhd b thehfeleving tlmoryamlyese examples

1O B o RLIANIRRKERE 1BLAANRGN A Cu6RLE Y3 Sinas

d scl ose
an ac thovglitab fen Tvgakig- cxamtdhlaamg”aumwab kzxyﬂen ommlbly@hr wnﬂe organometal

ligand to, the e netal |l ocene

concﬁglﬁ’ﬁ‘d%dsda@ thgFOS% @%"@8\%% Jng?’SUCh a ligand, such

as an or@ac@ny, Uiynaivmo P aligepbdron fcompdumdCainabey atilized in this
ositio Furt her, any combin

ans1 HRIGT | gré‘e‘ﬂ]@ %SBE%’oﬁlﬁd%da‘i $81% %tteﬂleh‘ggﬁohorc?ﬁrfoﬁ‘é’ound to the

2(coniétiedeid thmpdidndain B gSUMRROIION iOrfr@h gdB@bonat @ about 10:1.

cocat al an organoal um num conpound; optionally, at
| eab}P! ﬁé, tgp GWPWB)@&ﬁ]ée ﬂg(ﬂaorgmoi ien pg,ﬂuaarﬁorgano borate compound

actis¥@hOF ceHRRAN for the BN iCAlAh Y&t ofGRAPADIUL 6.9 ol to about
10 moles of boron compound per mole of metallocene compound. In one aspect, the
amount of fluoroorgano boron or fluoroorgano borate compound used as a cocatalyst

25  for the metallocene is in a range of from about 0.8 mole to about 5 moles of boron

compound per mole of metallocene compound.

Non-Limiting Examples of the Catalyst Composition
Examples of the catalyst composition of this invention include, but are not
30 limited to the following. In one aspect or non-limiting example, the catalyst

composition can comprise, or the catalyst composition can comprise the contact



this invention. However, in one aspect, the catalyst
conposition of this invention is substantially free of
wo@e@anoes on or or ganoborate conmpounds, and i NPENUS1VET/065499
aspect, the catal yst conpositi %2 of this invention
have pol ynerization activity in'the substanti al
absence of organoboron or organoborate conpounds. In
one aspect, as provided herein, the term "organoboron®
compound can be used to refer to neutral boron
conmpounds, borate salts, or conbinations thereof. For
exampduest of, he leastgam alyer-uwtal orepo un destodnet drgaorlnmenii grmpound,
can, 4 fel 86 £ LELTPa B WideomPri se, a f 1 uor oor gano
boron conpouncf, 4% réorgano borate conpound, or a
conbi nata) on theer kadt onddimpa-fnhatediocane gamprite® r oomerund having the
fluoroqgrgano borate conmpound known in the art can be
ut i f@g%l. The term fl uoroorgano boron conpounds has
its usual neantQg 1Q refer to neutFal__eBmpounds of the
form BY3. gh ~ mrsund al so
has its usup Nonoggi oni ¢
oMZ\"ﬂheo form
JoXi nat ed

reari Tg e~
dor -n*b’fbor on co
Suher&' Y represents
organi ¢ gr dtp )] Cya®éni ence, fl uopd
§ 1 uor oor gano s=¢onmpoLnds are iRcl uded i NIE)Yor a
reference to organoboron conmpounds, or individually by
ei t her HERRINALONHECUOHELRP requires. Exanpl es of

f1 uoroor ganopBan@he EORRPERatlY Bedonfalorbefmised as
cocatal ysts in the,present invention include, but are

not limted ffo,XfKudpi fat®aindeRrrdesdy &: €5 B cH, 3ds. methyl,

N, N-di mehfh @R bbid-Ai; um _ _

tetraki s(pent af |Luor ophen %)bor@t e, triphenyl carbeni um
1 et r aki s( penRafl uBr Bprﬁené , psbR aare indepandengiyyan alkyl group or an

t et r aki f : t1@, :

N, Ndi mstSd%}g %?#?1 %n#?ﬁﬁ;ﬂ{ég{ﬂ%‘(\g%(?@ ?31@ carbon atoms,‘ or hy‘drogen, and

, 5-bi s(trifl nonerhtdeguryopbe isydn)inegaitiiom 0 to 7, inclusive;

tri phenyj car heni . .
et Faki 905 501 sty T hor Bt RSN psomngund,  pomprises
t hetrictbgalinnighradi rigethylxiumines, t hemeafylahExiawp) egribitylaluminum,
| uor opr .boron .cQ unds t an .used .
1% oc By SROR AL R SRR, dRbo SRV RREHEE, s igpginom.
not di¢thytatuméhuhoethdxides (ipebitafalunomow haidride,) dahy@alpminum chloride, or
tris[3,5:Di s(ﬂ:1 i f|tl_.l0l‘ onet hyl ) phenyl ] boron, and the
| i kY CPRRINE Y tBerFr‘? xtfres thereof. Although not
i nt endi rY t otheeatbleasd bnbyactitetorf @inh@isesng soli¢ arite frdaeglewith an
exanpl es 0§1 fl uoroor gano borate and fl uoroorgano boron
con%‘%ffﬁﬂ@f“ ARy AW " Y Siipounds, are thought to form
20" weakl y- coor eenatitl ngideaiisanRg, WiRhaC obd-Neslindl hliminophosphate,

or ganonet al conpounds, as disclosed in U S. Patent ] ]
5, 9@9’9@8@. phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,

[cation]+ BY4

magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
25  phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, substituted
or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or any

combination thereof.



General Iy, any anount of organoboron conpound can be
utilized in this invention. In one aspect, the nolar

WO 200701393 t he or ganoboron conmpound to the net aPCDURVE7/065499
conpound in the conposition is %ron1about 0.1:1 to
about 10:1. Typically, the amo{nt of the f 1 uor oor gano
boron or fluoroorgano borate conpound used as a
cocatalyst for the nmetall ocene is in a range of from
about 0.5 nole to about 10 noles of boron conmpound per
nol e of netall ocene conpound. In one aspect, the
anount df dnbther espeganio nbotiontingr exampds, dbe gatatysboempasition can

co n f. 1t I '

" G P 8 SBER A Eh b B e ORE G st one
borona-cempoctnd, 4o &astront ergafioaimbiahh ccep@ind candaulrast one activator-
Non- Li 'tiQ%.Exanples of the Catal yst Conposition
ExéWBV%é“@? the catal yst conposition of this invention

3 ncl ude,a) but th@raeleadond inh ingthllocenk Rempidel @VHHEHUNY Ravdnethe
aspect or non-limting exanple, the catal yst

conSB8 % on can conprise, or the catal yst conposition

can conpri se ant act product o gast one

-nmetal | oc : y

and at | east I vat or - s a) the at
| east oI -1 reX'conpri se havi ng t he
f or nul a: Xher eof , 4 M are
independenﬂ? ZWuRf or haf ni uny X 8, X9, and
X10 are i ndepese F, (@), Br, I|,R'H, , qgmgyra
phenyl ., ar benzyl; R2, R3, R4, R5, R6, and R7 are

l; R,
| ndeBWigEeR thgregh WAFR group or an aryl group, any of

whi ch havi ng\HR 9258 GAHBRRNA SfGniud or¥AiRgen; and
n, in each ocguryepce, is an integer fromO to 7,

19 ncl usi ve; b} theXatand &asire tdepcaded 6al knmathyh ecwpaind
oD e f LT S BT AL LAY i
triisobutyl aR{mMumathylrdthésyprapyinirmemiyl, and |
et hoxi do. i PoBBaTy S por ey ga et RHaREm num-
chl ori dé) or theny acortdshatdnen oigercebininmd compound — comprises

15  trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum,

triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and
c) the at least one activator comprises a solid oxide treated with an
20  electron-withdrawing anion, wherein
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,

25  phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,

phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, substituted

or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or any

combination thereof.



c) the at |east one activator conprises a solid oxide
treated with an el ectron-w t hdrawi ng ani on, wherein
wo bh@780d0p3l oxide is silica, alumna, silica-alPei/ms2007/065499
al um nophosphat e, al um num phoighat e, zinc alum nate,
het er opol ytungstates, titania, "zirconia, nagnesia,
boria, zinc oxide, m xed oxides thereof, or any
conmbi nation thereof; and the el ectron-w t hdraw ng
anion is fluoride, chloride, bromde, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate,
f I uor osWtitlagnethet rifecuor oacémiting, cphpsphhitiey invention provides a
H ﬂorag}ﬁp ?giﬁgot%}t%h W%elilg E?lﬁelté ?%?Egr%%osg%g 81’? &188 C)r the catalyst
al k@n@@utm‘non:at mmmlﬂbsl‘tel ¢0u1tae‘dp10duc1‘u ro§ Lty S¢aist Olteeddasa metallocene, at
ar ne?u fonat (gtlontt erteo[ H ﬁ]
asp&tt “BroHEN? i“‘i“%ﬂ“ﬂ p&%% Te ReE AT a;%ts“ppo wherein:
conposition can conprise, or the catal yst conposi ‘
can conprise the contact product of, at Ieast one
-met al | ocene, at |east one organoal um num coffpoUad zQ G,
and at | east one activatorsupport, wherein: a) thea
d east ong - Majcahd AGENGnE ANRY- hﬁ%ﬂo&n@%ﬂ%ﬁ%@é& havi ng
formul a:_conbi nation thereof, wherein and M2 are
2|rcon|umor haf ni um X , , X, and XA
> nd@,ntly ad, Br, nmethyl, or benzyl; Rl, R2,
, 1 R6 are mdependently t-butyl or
hydr oge s H methyl, ethyl, n-propyl, or
ans=n, ,|onae<anlirinacb'mmthe|r®ﬁ,ce is an int eger from

1to 5, ,inclysive; e at | east,one organoal um num
conpouné’l) n'glrel 585 t%alsfmt%yl aPERH G {Rgum - “compound ©comprises
t r i teitdhylaBmimning U t-n-budyphogpiyh@a) tdkebutlaliithinbut yr adnymesrabimation
triisobutylalum num trihexylal um num

trites e?ﬁ al umi num trioctylal umi num diethyl al uni num

1et hoxi de) di ieeblbytbad aviivaunadmpeicdsdetuotii@t Joyill akidei num
chloride, or any conbination thereof; and c) the at
| east onk S @PYBYr GFPCh RpR9Tslaitiae SHITRIe-ghe grialyyigqmpepition can

Wt donidis€ btk caBy W b REE AnNGn @th ke (M@0 Droduct of, at least one

precontacted ansa-metallocene, at least one precontacted organoaluminum compound,

at least one precontacted olefin, and at least one postcontacted activator-support,
15  wherein each of the ansa-metallocene, the organoaluminum compound, the olefin,

and the activator-support are provided herein.

The Optional lonizing lonic Compound Cocatalyst
In one aspect, the present invention provides a catalyst composition
20  comprising, or a catalyst composition comprising the contact product of: 1) at least
one ansa-metallocene; 2) optionally, at least one organoaluminum compound; and 3)
at least one activator, as disclosed herein. In another aspect, the present invention
provides a catalyst composition as disclosed herein, comprising an optional ionizing
ionic compound cocatalyst in addition to these other components. However, in one
25  aspect, the catalyst composition of this invention is substantially free of ionizing ionic

compounds, and in another aspect, the catalyst composition of this invention have



the solid oxide is silica, alumna, silica-alumna

al um nophosphat e, al um num phosphate, zinc alum nate,
whedoenoped yt ungst ates, titania, zirconia, nmagnEGI/ES2007/065499

boria, zinc oxide, m xed oxideﬁ t hereof, or any

conbi nation thereof; and the e éctron-mﬁthdramﬁng

anion is fluoride, chloride, bromde, iodide,

phosphate, triflate, bisulfate, sulfate, fluoroborate,

fluorosulfate, trifluoroacetate, phosphate,

fl uorophosphate, fluorozirconate, fluorosilicate,

f | umlyohdrizatmeat &tivisy bs thie tsubseahtialr ahgersa 4 tidrtizipge ebnic compounds. In

al ks%i ea%iﬂ%@roﬁﬁéc%’thes b‘@?etn{ }nl% %%n %ovlfl&§lék%§1ttai tsuctogl%o i}ion comprising

arenesul'fonate,” or " any conbination thereof- 7

anaodt Heast asp eot-mdtallvoenel domipbimlyasestiacipled hefeir, hit $east one ionizing

i nvention praovid catal.yst, c osi.tion, wherein th
encans eoPpSisbieh SRR AEREERS Fib g R oo a4 PoddiGiy a
L onp@s ioh¢ Orgagedumiatrdospotie Eemhpied oPioadhitgt ioafe, coadpound are
| east .one. -netal |l ocene, at__| t o rganoal um num
codﬁ%ﬁﬁﬂfmégng?m¥ﬁ@gﬁmégé7ggsfvgfgivgﬁgport, wher ei n:

a) the atn i@asly RAR coiloahd ACANRNEOBFHPEAS whidl cad function to
conbi nati on thereof; e at | east one

b h
or AHYKF &ﬁﬂﬂWE%%ﬂ%ﬂﬁi@%ﬁ@% tWhidy R BOWI: ByyHheory, it is

tripeieRyt hhetheMofiMe fohicl &APetiXd bt B NAAPALIO of 8Bdting with the
conmbi nation thereof; and c) the at | east one activator

1& onpetpiiassneacemneypd gadi caveitredhe astallpgeng ditpja gfipnipapetallocenc
asN&lpoid. NREA, Wil HBPineh@R L& be bARAARIRLY Lt is believed that the

conposition €an conprise, of the catalyst conposition
canogigwpripye compound rreadingiopdaien iofizingtcompewnd yneompletely or
pre C -netal | oce a 1€ 5

o g R S M pos ™) P GHPRATEARE such o
ol e’ nor (XNdfréh tHeaasi-nentio@ast Howtwattmchspect of the present invention

ct | vator-support rei n each of t&e - et al | ocene,
1 e PR B A Aty B bUrRTon oF bbb B e Sompound
actibniaésahe staRGche; aberap ai (X9 dr et dand id b Eashiph nowaform an ion
I oni zi ng | oni ¢ Conpound gb at al yst | e as ec%% t he
pr ééaéran%?lfW% A 1B BF SAES it &P%?X?ﬂwﬁ@s}ﬁ @} st one ansa-
COMRsthIfdcBb; sPiplRcERdiddtysSh o€ RARQSE {XONnGRAPXY) Sishl; bhgny other
contact product of: 1) at |east one -netallocene; 2 )
optPesharipR)s orgombEatien raechdRidR WHF IR s8R Agrur- dipther, it
28) §hot RR&Larf Rt BLLSMARS lonicADnRbRE RECHe HRMEdMocd R only. The
anot her aspect, the present invention , o
activation function of the ionizing ionic compound is evident in the enhanced activity
of catalyst composition as a whole, as compared to a catalyst composition containing
catalyst composition that does not comprise any ionizing ionic compound.
Examples of ionizing ionic compounds include, but are not limited to, the
25  following compounds: tri(n-butyl)Jammonium tetrakis(p-tolyl)borate, tri(n-butyl)-
ammonium tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-
dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,
tri(n-butyl)ammonium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tri(n-
butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
30 tetrakis(p-tolyl)borate, = N,N-dimethylanilinitum  tetrakis(m-tolyl)borate, =~ N,N-
dimethylanilintum  tetrakis(2,4-dimethylphenyl)borate, N,N-dimethylanilinium
tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoro-



provi des a catal yst conposition as disclosed herein,

conprising an optional ionizing ionic conpound
weomatgloyst in addition to these other conmponeP@BUS2007/065499

However, in one aspect, the catglyst conposi tion of

this invention is substantially®free of ionizing ionic

conpounds, and in another aspect, the catalyst

conmposition of this invention havepol yneri zation

activity in the substantial absence of ionizing ionic

conpounds. In still another aspect, the present
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SU Setrﬁﬁﬁ[ﬁﬂﬂalslﬂdﬂb@bﬁleﬁiyﬁﬂﬁnﬂﬂ%ra@d 5, 807, 938. tAphenylcarbenium
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Con@@ﬁdlg(inqmyl)ymﬂee fRefyliaaundriiis(t, hemﬁéthylpﬁenygbdmbl e lium
that the |on|2|ngl|on c conmpound can be capable o

r ek widipethylehergbordtocene  EBMPYENd anéet‘@EﬁKr”esr'?lﬁ(l‘F&]uom'

t hem &R} IPLAABBRI, Nt QroPyIfdt | Otk RBAb QS WIRRAUNG. Jithi
Agai n, ya%lﬁgﬁnot |nt§§%|ng¢to be bound b&ﬂfﬁgory it i

19 s tpEkivRetiopmphanbbrgpi Bihie ks 08 piifts, dgfiaum tetrakis(p-

f unt%fy'l)@@raés an lllt}ﬁ)thZI nge&&%ﬁ%ﬂgl Ipéfatgon'pl Blnflny Of tetrakis(2,4-
partiall extractlng an anionic I|gand possi bl

nordimsthalpkengDeerpte, | i @ﬁlnunsudﬁra@(%@@l)ne@wlr(hml)bbém t Highium
nﬁ%@iﬂu%?o%gleate '59 etEtrak%%% ﬂ%@?%gl%ﬁlg@%?atprs%ﬁﬁﬂ{ te drlaléig(ghenyl)

i nvent1 on depénds on any tion, regar
of what.hepdinme tetorkisgp-rdylibonitc  satipo undrakiom-zag)tokwe,  sodium

t.al (X3)..or ( Ny i

15?2 St%tlr%k?s?f Q% m&ﬁﬁé}{e%gl:)]borﬁg p;gsgh}lglv\eat)ézé}%kég(%?—%ﬂlg%f&rfp}%ﬁl\él)borate,
rrEt5&)Hh1(nX3§tradlludli0b0ram‘;‘tmtass(iM) tehalris{pémafhiordphagfﬂ)bma& potassium
ansa IIo C o t | east on .
R BT R OO T E RS S e frratis (-
co ntblyﬂb&bﬂa@ﬂ p@fassﬂiﬁﬁ heRal&sTs, 4blymélthylpﬁen§ik)l{]draatat p&Bsst@AN tetrakis(3,5-
OCC is not ne SS that t onl zi n .
o RORTRORE: PoRTE HE RO e He AR S bt Shis -

2(RCt o @hluimatd) NEbh@plcObertiig 1eﬁﬂt1§(hﬂt@l}dl)@mhﬁna€@ NEpIphEechiBenium
evident in the enhanced activity of cataly

conpEdiy? 6ﬁl%§h>éphmﬂpaéumla§teconpaérér&le%wébeeaw yst tetrakis(3,5-

CONPRSHhY IpAEhy PRIk, RehHe A 18 Ychtunt TRRS (p%ht@fl‘uclr&}ﬁkn)qﬁﬁﬁnmate
not conprise any ionizing ionic compound. Exanples of

i onfFopy Hgm | tefrkis (1t tohp s lmtaate. rfeapylden t%@#lsav@lﬂéﬁummw @prhum
S BB L TN S
25  dimethylphenyl)aluminate, tropyhum tetrakis(pentafluorophenyl)aluminate, lithium
tetrakis(pentafluorophenyl)aluminate, lithium tetrakis(phenyl)aluminate, lithium
tetrakis(p-tolyl)aluminate, lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-
dimethylphenyl)aluminate, lithium tetrakis(3,5-dimethylphenyl)aluminate, lithium
tetrafluoroaluminate, sodium  tetrakis(pentafluorophenyl)aluminate, sodium

30 tetrakis(phenyl)aluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-

tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-

dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium



amoni um tetraki s(mtolyl)borate, tri(n-butyl)amonium
tetrakis(2,4- dinethyl phenyl)borate,

W eoofnidond yl ) anmoni um tetraki s(3 PCT/US2007/065499
, - di et hyl phenyl )borate, tri(n:butyl)anmoni um
tetrakis[3,5-bis(trifluoronet hg?) phenyl ] bor at e,
tri(nbutyl) ammoni um
t et raki s( pent af | uor ophenyl ) bor at e,

N, N-di met hyl ani | i ni um tetrakis(p-tolyl)borate,
N, N-di met hyl ani | i nium tetraki s(mtolyl)borate,
N, Ndirakest(papkadinpioplminghaluminate, potassium tetrakis(phenyl)aluminate, potassium

t et rf%'h( nsié—% y)?‘lgl?uqlnggtg yl plboq.%glu)nbor %&rgkls(m—tolyl)alummate potassium

t ettemddmsﬂ gdﬁﬂﬂhyiﬁtehyll)qmﬂnemyﬂe) bor atpetassium tetrakis (3,5-
N, N-.di
e BT e B ingisssitae oy BRI aEphenylcarbenium

N, Nf1§ﬂ2me2’hiydnaﬂudrblfiplwﬁyl)ﬂuoroalummate silver  tetrakis(1,1,1,3,3,3-

tetrakis(pentaf | yoro henyl ) borate, tr.iphenyl carbeni
¢ ot AR S BEPeyS Bb R BRI ot Ry oA AT Duess i,

t et graki S&lﬁﬁlﬁit}dn)th@éﬁf atl%wetfefrl ReenNyligaE RARI ddMpound are exemplary,
tetrakis(2,4-di nethyl phenylg bor at e, trltghenyl car beni um

t et3ndkhesioRiZigg iqnigqampopibia PPY IBeFeditaeretp i theRISHANE v EioR um
tetrakl s[3,5-bis(trifluoronethyl)phenyl]borate,
i phenyl car beni um t et r aki s(pent af | uor ophenyl ) bor at e,
1G ro&ﬂ@lefmfv@eqnaﬂe. s(p-tolyl)borate, tropylium
tetraki gt %(E:?é'ct) Qp{hﬁt ﬁweﬂtl%{? pﬁ(ﬂsbtﬂf@ted reactants that are useful in the
tetraki s(2, 4-di met hyl phenyl ) bor at e, ylium
t etHOéskn@(zgtI@I@tpmﬂtehy\mmr@wsy pamResdions mg ¢agses of this invention
t et )
tr ona R HenEs b e R DR IS LEAHfEpy pormolecul
t etandk he(ipert dﬁaiSUmnophleﬁI}db)cbmb@t éond. i t Hhigimmvention encompasses
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and the like, can also be polymerized as described above.
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abowt the Qolymehations are either homopolymerizations or copolymerlzatlons with a

different acyclic, cyclic, terminal, internal, linear, branched, substituted, or
unsubstituted olefin. In addition, the catalyst compositions of this invention can be
30  used in polymerization of diolefin compounds, including but are not limited to, 1,3-

butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.
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composition (further comprising the sohd oxide activator) is termed the postcontacted
mixture. Typically, the postcontacted mixture can be allowed to remain in contact for

25 a second period of time, the postcontact time, prior to being initiating the
polymerization process. In one aspect, postcontact times between the solid oxide
activator-support and the precontacted mixture typically range from time about 1
minute to about 24 hours, and from 0.1 to about 1 hour is typical. Postcontact times
from about 10 minutes to about 30 minutes are also typical.

30 In another aspect of this invention, the various catalyst components (for

example, ansa-metallocene, activator-support, organoaluminum cocatalyst, and

optionally an unsaturated hydrocarbon) can be contacted in the polymerization reactor
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25 can be fed into a first precontacting vessel for precontacting with at least one other
catalyst component, while the remainder of that same catalyst component can be fed
into a second precontacting vessel for precontacting with at least one other catalyst
component, or can be fed directly into the reactor, or a combination thereof. The
precontacting can be carried out in any suitable equipment, such as tanks, stirred mix

30 tanks, various static mixing devices, a tube, a flask, a vessel of any type, or any

combination thereof.
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a compound to the total amount of organoaluminum compound in both the precontacted
25  mixture and the postcontacted mixture combined.

When a precontacting step is used, generally, the molar ratio of olefin
monomer to ansa-metallocene compound in the precontacted mixture can be from
about 1:10 to about 100,000:1, or from about 10:1 to about 1,000:1.

In another aspect of this invention, the weight ratio of the solid oxide activator

30  to the organoaluminum compound can range from about 1:5 to about 1,000:1. In

another aspect, the weight ratio of the solid oxide activator to the organoaluminum
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25  least one organoaluminum compound for a first period of time to form a precontacted
mixture comprising at least one precontacted ansa-metallocene, at least one
precontacted organoaluminum compound, and at least one precontacted olefin; and

contacting the precontacted mixture with at least one activator-support
and optionally additional organoaluminum compound for a second period of time to

30  form a postcontacted mixture comprising at least one postcontacted ansa-metallocene,

at least one postcontacted organoaluminum compound, at least one postcontacted
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conponents of the precontacted mxture is inmobilized,

adsor bed, or deposited thereon. For exanple, the

postcontacted m xture can be heated from between about

OOF to about 1500F. Tenperatures between about 400F to
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t he catal yst conposition disclosed herein, .a feature

t hat all 6%@ ‘I‘SB%‘éﬂrth‘fi)ﬁﬁt%}Wé‘raCEY%%P‘? eatalyst of this invention is typically

greater than or equal to about 100 grams polyethylene per gram of chemically treated
solid oxide per hour (abbreviated gP/(gCTSO-hr)). In another aspect, the catalyst of
this invention can be characterized by an activity of greater than or equal to about 250
25  gP/(gCTSO-hr), and in another aspect, an activity of greater than or equal to about
500 gP/(gCTSO-hr). In still another aspect, the catalyst of this invention can be
characterized by an activity of greater than or equal to about 1000 gP/(gCTSO-hr),
and in another aspect, an activity of greater than or equal to about 2000
gP/(gCTSO-hr).  In another aspect, this activity is measured under slurry
30  polymerization conditions using isobutane as the diluent, with a polymerization

temperature from about 80 °C to about 105 °C, and a total pressure from about 450



costs. Accordingly, in one aspect, the present

i nvention can use Al R3-type organoal um num conpounds
wW@ee7amoaxt i vat or - support in the absence of PCT/US2007/065499

al um noxanes. Additionally, gxpensive bor at e

conmpounds or Mgd 2 are reqU|rea to formthe catal yst

conposition of this invention, although alum noxane,

borat e conpounds, MyCl 2, or any conbi nation thereof

can optionally be used in the catal yst conposition of

this invention. Further, in one aspect, cocatal ysts
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2(0orEeuction BOdlymers in multiple reactors may include several stages in at least two
separate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into
the second reactor. The desired polymerization conditions in one of the reactors may
be different from the operating conditions of the other reactors. Alternatively,
25  polymerization in multiple reactors may include the manual transfer of polymer from
one reactor to subsequent reactors for continued polymerization. Multiple reactor
systems may include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, multiple high
pressure reactors or a combination of high pressure with loop and/or gas reactors.

30  The multiple reactors may be operated in series or in parallel.
According to one aspect of the invention, the polymerization reactor system

may comprise at least one loop slurry reactor. Such reactors are known in the art and



(X1) and (X2) and having the fornul a

CH2CH (CH2) nCH=CH2], or a substituted anal og thereof,
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and (X4) are independently: Sg , Br, or I; T) a

hydr ocar byl group having up to“20 carbon atons, H, or

BH4; 3) a hydrocarbyl oxi de group, a hydrocar byl am no
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According to yet another aspect of this invention, the polymerization reactor

may comprise at least one gas phase reactor. Such systems are known in the art and

25 may employ a continuous recycle stream containing one Or more monomers
continuously cycled through a fluidized bed in the presence of the catalyst under
polymerization conditions. A recycle stream may be withdrawn from the fluidized

bed and recycled back into the reactor. Simultancously, polymer product may be
withdrawn from the reactor and new or fresh monomer may be added to replace the

30  polymerized monomer. Such gas phase reactors may comprise a process for multi-
step gas-phase polymerization of olefins, in which olefins are polymerized in the

gaseous phase in at least two independent gas-phase polymerization zones while



pol yneri zation nmethod known in the art, using various
types of polynerization reactors. As used herein,

w0 p@7gn®e3 zat i on reactor™ includes any pol ymerPCEUSINT/065499
react or capabl e of polynerizing,olefin nononmers to
produce honopol yners or copol yners. Such honopol yners
and copolyners are referred to as resins or polyners.
The various types of reactors include those that may
be referred to as batch, slurry, gas-phase, solution,
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40 Polymerization reactors suitable for the present invention may further

comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise
systems for feedstock purification, catalyst storage and preparation, extrusion, reactor
30 cooling, polymer recovery, fractionation, recycle, storage, loadout, laboratory

analysis, and process control.



occurs. Cenerally, continuous processes nmay conprise
the continuous introduction of a nononer, a catalyst,
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conprising polynmer particles and the diluent. Reactor
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25 The concentrations of monomer, co-monomer, hydrogen, co-catalyst,
modifiers, and electron donors are important in producing these resin properties.
Comonomer is used to control product density. Hydrogen is used to control product
molecular weight. Co-catalysts can be used to alkylate, scavenge poisons and control
molecular weight. Modifiers can be used to control product properties and electron

30 donors affect stercoregularity. In addition, the concentration of poisons must be

minimized since they impact the reactions and product properties.



gas- phase pol ynerization of olefins, in which ol efins
are polynerized in the gaseous phase in at |east two
w0 pepegent gas- phase pol yneri zation zones  PCT/US2007/065499
whi | ef eedi ng a catalyst-contaigéng polymer forned in a
first polynerization zone to a’'second pol yneri zation
zone. One type of gas phase reactor is disclosed in
U S. Patent Nos. 5,352,749, 4588, 790 and 5, 436, 304,
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polymers prepared accordlng to Examples 1-3 are summarized in Table 1.
FIGURE 2 illustrates a plot of zero shear viscosity versus molecular weight,
25  specifically, log(no) versus log (M,,) for polymers prepared according to inventive
Examples 1 and 2, and further illustrate how reduced LCB levels are manifested.
Linear polyethylene polymers are observed to follow a power law relationship
between their zero shear viscosity, 77, and their weight average molecular weight,
My, with a power very close to 3.4. This relationship is shown by a straight line with
30 a slope of 3.4 when the logarithm of 779 is plotted versus the logarithm of A,.
Deviations from this linear polymer line are generally accepted as being caused by the

presence of long-chain branching (LCB). Janzen and Colby presented a model that



system Suitable reactor systens for the present

invention may further conprise systens for feedstock
w@eorfiismas i on, catal yst stor age and prepar at i oPCT/US2007/065499

extrusi on, reactor cooling, mer recovery,

fractionation, recycle, storagg | oadout, | aboratory

anal ysis, and process control.Conditions that are

controlled for polynerization efficiency and to

provide resin properties include tenperature, pressure
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25  control (HiD9640 in this case) indicates branching. Thus, the data from FIGURE 3
demonstrate that the comparative polymers prepared using an ansa-metallocene
without an olefin-containing moiety bonded to the bridging ligand (FIGURE 1,
Example 3) are significantly deviated from the linear standard, HiD9640, at high
molecular weight end of the Rg vs. M,, plot. Therefore, in contrast to the inventive

30  polymers, the control or comparative polymers examined showed substantial LCB as

M., increased.



nodi fiers, and el ectron donors are inportant in

produci ng these resin properties. Conononer is used to
we@onwrnadovpr oduct density. Hydr ogen i s used to PONUSWN7/065499

product nol ecul ar wei ght. ca al ysts can be used to

al kyl ate, scavenge poi sons and ontrol nol ecul ar

wei ght. Modifiers can be used to control product

properties and el ectron donors affect

stereoregularity. In addition, the concentration of

poi sons nmust be m nimzed since they inpact the

realdtﬁltiﬁ(msand product properties. The polyner or resin

may be f ? [ [ t %{e [.he ' t I

ot 1 mith O 51 e L O Bl 3 1R A Al etniions

comdraprosidsd. (I’bemes edtent tttat lany pefﬁﬁhﬁm]t 3, usagetmsyidédjby any document

or e e ST PR 2or i st By s wage provided

3 nchetidih I’tl@ ddfidition ot udagdproeided ereibkb@wrotol di ng, extrusi on
rrolding, rotational nplding, thernoformng, cast .
mol di ng &fdfhe PPSEE?? Af t‘éﬁ% BOFYnEr imsat i@ﬁfop%tlét‘alie‘tsi ragprising
andetipéiclan@os cpanes Grddstknt and hivtiRebiiBic cofof§idt GRolymer”
better processi ng during manuf acturr ?18 and for desired

pr opetltt eseqd nhergi @ndnearoa%?po YR} 1900 e SORARENGIY eof any other

surfaferZRslE foBbferaieRhs@sheddin P agent's, anti bl ocks,
tackifiers; antioxidants such as primry and secondary

1Qnt i oxi &"élﬁttfgm p@,tﬁlgﬁf SIS g?ﬁe&i]érg@edn]@ergp Hsredqy ghthg 9rganoaluminum
Wax&)?ffp@hﬁd% tRAGah LHRERR! R QFRJoRent 3PtheSREH B LoRBRIHhVER also

such as fire retar dants antistats, scavengers
absrefGEﬁeth,theo(anpmérﬂvafrp@efrnss of it @Pé@}’sédlamp@ﬂtl@gmtuémg, but not

Et hyh&he P 1&{%5%3?%%&%&890&? GO ¢t Or éMUbgra @X&Hﬁduﬂ@s, or

I n one asbect ene polynmer produced usin
catiahiywg lolum@ompt)undm of dltdlnssd ihargent Ironng @pt:gtpcqratalwts can be

ha b I f n br .
14T BSRLAE, YRSt (iR Bl A FREHR, MRRRRIQRY, = «
rrel’(}airdcanﬁ)ghlewmgnfp@mr]do \abd)th A0tcadbon @toadfsi (X Cmilmmdlmg aryloxide,
noi et Y, nt.t brid
P oy RERE s Jrohl £ sl P T SRS, nel B pibidgiana n s o
us etintber ﬂblﬁllpﬁlt(e3t inelugwda y mag SertnncoE?tally“sﬂ @8 bk-wded m’gdrdless of the
FI GURE illustrates erties .of various et
1 HERBAG SO Jir S BT S8 CUGH @D Bt B Sompound
20 Nvigizhi @ratd-l GURE 3 illustrates a pr operty of the

sol ubl e ort| on of the ethyl ene- 1-hexene cog
pr oduced M&¢eBY drrgnipged Hal ﬁﬁdrsat tlveméatdaﬁrcg} a fist mixture of

Pol sapyfst 2ehpnt AR drd BHFacRIdiR B ﬁ@té[;(@%fodw Y pHSt B the first
for polynmers prepared according to E are

SunfiEfITS efinen usedbloe farm py GuRicoptagted™y of rsatoeé alvﬁrret ofpfatalyst
Zer&n%ﬁ@hﬁs Via® CRST do¥itakRl Stbs IRL&RY] ﬁ’c{rloﬂebig Bime. Typically, the

25  precontacted mixture describes a mixture of metallocene, olefin monomer, and
organoaluminum compound, before this mixture is contacted with the acidic
activator-support and optionally an organoaluminum compound. Thus,
“precontacted” describes components that are used to contact each other, but prior to
contacting the components in the second, postcontacted mixture. Accordingly, this

30 invention may occasionally distinguish between a component used to prepare the
precontacted mixture and that component after the mixture has been prepared. For

example, according to this description, it is possible for the precontacted
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25  cycloalkadienyl-type ligands in the molecule are linked by a bridging moiety, wherein
the shortest link between the two m’-cycloalkadienyl-type ligands comprises two
carbon atoms. Thus, the length of the bridge or the chain between the two
cyclopentadienyl-type ligands is two atoms, although this bridging moiety is
substituted. ~ Thus, the metallocenes of this invention are bridged bis(m’-

30  cycloalkadienyl)-type compounds, wherein the 1’-cycloalkadienyl portions include

indenyl ligands, fluorenyl ligands, or a combination of an indenyl ligand and a
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or tpigal pEisg upricthant Shrrashonapipah irh@lec@n%dwérocarbyl groups

can have up to 12 carbon atoms, up to & carbon atoms, or up to 6 carbon atoms.
The term “hydrocarbyloxide” group is used generically to refer collectively to
both alkoxide and aryloxide groups. Unless otherwise specified, the hydrocarbyl
25 oxide groups of this invention typically comprise up to about 20 carbon atoms. In one
aspect, hydrocarbyloxide groups can have up to 12 carbon atoms, up to 8 carbon
atoms, or up to 6 carbon atoms.
The term “hydrocarbylamino” group is used generically to refer collectively to
alkylamino (NHR), arylamino (NHAr), dialkylamino (NR»), and diarylamino (NAr;)
30  groups. Unless otherwise specified, the hydrocarbyl amino groups of this invention

typically comprise up to about 20 carbon atoms. In one aspect, hydrocarbylamino
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component should not be construed as an inert component of the catalyst composition.
25 The term “activator,” as used herein, refers generally to a substance that is
capable of converting the contact product of: 1) a metallocene component; and 2) a
component that provides an activatable ligand such as an alkyl or hydride ligand to the
metallocene, when the metallocene compound does not already comprise such a ligand;
into a catalyst that can polymerize olefins. This term is used regardless of whether an
30  activator ionizes the metallocene, abstracts an anionic ligand to form an ion pair,
weakens a metal-ligand bond in the metallocene, simply coordinates to an anionic

ligand, or any other mechanism. As disclosed herein, the contact product comprises
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25 The term “pillared clay” is used herein to refer to a component of the catalyst

composition comprising clay minerals, typically of the of the smectite group and other
phyllosilicates in addition to sepiolites and palygorskites, that have been ion
exchanged with large, typically polynuclear, highly charged metal complex cations.
Examples of such ions include, but are not limited to, Keggin ions which can have
30 charges such as 7+, various polyoxometallates, and other large ions. Thus, the term
pillaring refers to a simple exchange reaction in which the exchangeable cations of a

clay material are replaced with large, highly charged ions, such as Keggin ions.



and honogenous conpositions. The term "hydrocarbyl" is
used to specify a hydrocarbon radical group that

WO p7ag®s3 but is not limted to aryl, alkyl, PCT/US2007/065499
cycl oal kyl , al kenyl, cycloalkegz cycloalkadienyl,
al kynyl , aral kyl, aral kenyl | kynyl, and the |iKke,
and includes all substituted, unsubstituted, branched,
i near, heteroatom substitut ed derivatives thereof.
Unl ess ot herw se specified, the hydrocarbyl groups of
this invention typically conprise up to about 20
carBese ptlpmsric ¢atiognae dlspaoimobHized wathinkird ingeramgs of the clay and
have P..l ca up  t cal to

iRl el 3 QBRI R e By CATREN Bl MRl e ey

gr da]z):rs 8s cdweoh-fengricaadsl VExtamplee o p111anhg etmtpMﬁb(y clags are found

2 Ste g] i eglx Iﬂ%ﬁgaﬁ%ﬁ%% )c/% ? Eyﬁ%&% 68 ggz r(g#ég%gl? ?ﬁ?hnga{smﬁn%rcalatlon

3 nvelrniiary, (S pvikiainkyn Gadpr Isebssp, 4de.) ahodtpp285s- Qﬂrﬁhﬁﬂemlc Press,

oo 06 49T R R TRERE e, S O Rt ot A A0 Pacem

6 CI6.HO ARG Bach Fhenidtes EHCOII@MQE&Q@fethatmeﬂtﬁetygr oup is
used generi cal | y to refer collectively to al kyl am no

(NHR) aﬁrlg}lpggh Yy IPNPNS) evdﬁeé,| WI rg’ﬁi:rlx?éi %lmﬁgl) or eé]ﬁa/alent to those

di adeydrsil Mere(NAh e GE@UPThe JRkiBS Sr REME ¥ BE iSRRG, KRy pical
t he hgdr ocar byl am no groups of this invention

1¢G ypnet @4Sydedt9ﬁwnd§éat@rﬁlwe hyeindegbedar bon atoms. I n one

aspect, A]V%ﬁt%‘c%&ﬂé | & RO HidRti dndd h@ﬁ‘ﬁ? aféplnE ddted hereln by
carbon atons, up to 8 carbon atons, up car bon

at onfrenghor therpurposd Wedeydribingging éedomg) é@n wam@le,stbeeqnwu@és and
hy %Q‘g%g%l’%?{h?ﬁ Brel H@s"cnl?e%”ﬁ{ 'tl?éegu‘tﬂﬁ ngewﬁlcﬂo%p?g{h% be used in

regar e particul ar regioc emstry 0
al kenecctroi pith tlpieendodpastsidngveation. sTlermmbb¢rtinnscdiscussed above

1§ ﬁ?a!eﬁﬁ éﬁrgu%ﬂg%ﬂs the Feﬁl(g aér% é?o{/@déﬁl’:se}%gefo} tglr 1?] d@h{%gurllg rlér%o the filing date
CI—I:c(ﬂ‘t/l&Zprs&ehsztpphcaned alloﬁljaig lgrom 3, to be garsth@ss anfadmﬁselroe that the

stitution,o within.the al kyl roup. . Ter.ns
B e e IR
ol ef i nhmﬂh@brlfhlrﬂitglapemdiﬁdgﬁld gisolofedaieteit, Mpy gﬁiefaly stigade presented
I nt er changea Yy a e ou agal n 1 ustratin
| e readnparal bondormati ST tnofia R i BB R Ry e A the
2(pariikdeC thafEanl ABatfioaNa Phrtitiier FCF ddtituentDombe wbrchil @trﬁch@fe also
group. Unl ess otherw se _specified, the al kenyl grou

of RURPIBPSHY ek PORUATYHT cCHItyeRsIp and Sthsp OPECah R 2Y Siher in
car HemicPil®r rAdmNBrias REGlcll Al k'Y BT RHR%KARR, BAME context

up to .
requires.
The present invention is further illustrated by the following examples, which
25  are not to be construed in any way as imposing limitations upon the scope thereof.
On the contrary, it is to be clearly understood that resort can be had to various other
aspects, embodiments, modifications, and equivalents thereof which, after reading the
description herein, may suggest themselves to one of ordinary skill in the art without
departing from the spirit of the present invention or the scope of the appended claims.
30 In the following examples, unless otherwise specified, the syntheses and

preparations described herein were carried out under an inert atmosphere such as

nitrogen and/or argon. Solvents were purchased from commercial sources and were



12 carbon atons, up to 8 carbon atons, or up to 6
carbon atons. The terns "treated solid oxide,"

w0 etverioad | y-treated solid oxide," and the |i kBCHDS2007/065499
used herein to indicate a trea g solid, inorganic
oxi de of relatively high porosity, which exhibits
Lewi s acidic or Brnsted acidic behavior, and which has
been treated with an el ectron-w t hdrawi ng conponent,
typically an anion, and which is cal cined. The
el ectron-w t hdrawi ng conponent is typically an
el ewpicdly- widdhdveavictigptahplomigopri@etocawpolinldss Fthersyiset $ecified,
trea sol nd, co i ses the cal ci ned
cont %’%’ﬁts Weré Odm %éd%0#9$8&fggne%%l i d oxi de conpound
vv| th at Geaewt tasn@ ptecduronwhirhderiationg audi ynthste pe@edures are

Typigally, t eated solid oxide conpound
TRl ERubols seogh e B et BiPT 4P RN rides
SC o ngad Wit relfentst @IS inS epe hiec aio paotidedakrir. Ssupport are
not used to inply these conponents are inert, and this
conponent should not be construed as an inert

CONBORENTeRng PRgebal yst conposition. The term
"activator," as used herein, refers general

subst andeoleqrlr weizht apdmalecsfer pstehe i W@U%éwé%ﬁbfa@?d using a

pr ogiugipcob (ﬁ&lyﬁerﬁﬁb@“l@%?ﬁ@m CQUPRASATL a @fTekerdal efractive index
conmponent t hat ?FOVI des an activatable |igand such as

10an dstaetpr apg thigedf-p dem 1% PRnamt 29 vAMired Arl-peelp@ens (fobpner Labs)

t herufﬁﬁh?hﬂ peere BRIMAMAL JARSmBBie HalEads-GRABFdbS B ene (TCB)
such a Tigand; into a catalyst that can polynerize

ol efonfaininglthp &/It 26-di--butyisbthethalpherdl E8ET o fvaykee ehlemLapin and the
t
ac éoﬁ@én?r%tlldg gcﬁ"&)%g/ﬁi %pcﬁut%g Wag g&l% yk@@eﬂ Lh%qgn?ge%@l 0-1.5 mg/mL,

ani oni c orman 10O
met &berdingagrd tho omdeduter tweezhtre t %mpdﬂ:mqparatmnnvpasyconducted at 150 °C

oof di,nat s . i oni 1 Q. r r.
12 ORE DL 5P o290 AL SO LA R BB S e
conpnmkeﬁam1bea@xﬁ@nehaomkwatmhmnMMhmhmmaadbdvsﬁhmﬁiedwmn

If pgm%eﬁgﬁaycgﬁpasétl?t} % a’?l Y I Vi ts(r)?r\%'lsplg)s b Yor sollu%on Preparation.
el eTher Mfegvil tdaliisrasidnn ghethdd Ovas anﬂl@eﬁrteddddummleculaﬂwelghts and

P At TGO BRGHH T neaine Ty GRmicH gy broad

2001 JaRebedRhyddne AN A6 BABB0I A e t&%@ﬂﬂﬂﬂldaﬂr Thé) 1n&@1)él table of
conbi nation of these conponents. The term "cl ay”

us e hreprdstpndegs! wasmss- d?t%mt“FFé‘tm & STPBE TP CIgRent prdth §§pal}4%ﬁ§§
conposition, a substantial portion of which
constitutes a clay mneral or a mxture of clay

m n¥elaviscosinatedieismerie g einesbads diseyp it Phanegteristics

exchangigng 1Gahin0RSillafhy lsAdat HokaQlrerfiddiP W¥rVedrtdrMBd oh hat ARES
can be used as a activator-support in the catalyst
2% omgseidlptoryoheometer using  parallel-plate  geometry (TA Instruments, formerly

Rheometrics Inc.). Data were typically obtained over an angular frequency range of
0.03 to 100 rad/s at a temperature of 190 °C.
Fluff samples were stabilized with 0.1 wt% BHT dispersed in acetone and
then vacuum dried before molding. Samples were compression molded at 184 °C for
30 a total of three minutes. The samples were allowed to melt at a relatively low
pressure for one minute and then subjected to a high molding pressure for an

additional two minutes. The molded samples were then quenched in a cold (room



descri bed herein. The transition nmetal conpound and

organonetal cocatal yst are reacted with the clay
W@ewraat0es - support to formthe active catal yst PCEMIE1007/065499

not intending to be bound by t? foll ow ng statenent,

the clay conponent of the cata gst conposition of this

i nvention probably functions as a activator-support

for the transition netal compound, as well as a

cocatalyst fromthe standpoint that it is in intimte

physi cal chem cal contact with the transition netal

c ontpmp@mlre) Assus Bdkhbraigthe tshre 2coin| 221 4 wan demgict elegystamped

M NGE 8 the bR 1dd3 SELIRE flBok S dpseLLDS LNe | arge group of

fi neuly crys e, SHeet 1ike ay mnerals that are

found i ﬁhaabﬂnroéamherfcbfntée gheajrmamﬂ wadblaskated 1nsretﬂogmrnham§ter to

rocks, and s.are ac

o B PE h o el ThEhRRed fofarsRaRg o, the iniial
k] h eeipératies @ tthaigiidyr @poﬁhmdmplerlyadﬁnmd&uéﬁ @ee tishasiSequilibration,

This termis al so use e hydrous nesi u
si | tﬁ% REES R Wﬁreéq‘&ﬁ%dlc{ﬁé‘ﬁefl g‘}ﬁpéat%%tP Gclt{ﬁ“@. th{égf?@s freeess

cl ayasiimalcal s bel ong to the kaolinite,
m)ntm)rlllonlte or illite g roups of clays. Thus, the
term " cISHpINNYrEs generally mptaiiedat patg enVath%? thequghout @ frgquency

f i NQredp BN RGP Qlrkin GANRY Sateké“{ise@ffomd%eRfﬁbosﬁ?fsﬁrhﬁ'e@% nfdfkain a
necessarily clay mnerals, that are | ess than about

1Q. gogswrble Horghe e SrHE gi@inyalyss| weie aigedc for yrehi wsqesigysamples to

hereﬁl'oﬂl &\%r%ﬁfll@g thteotoﬁlug Wéﬁﬂ@&tangfto tklagp %Bﬁﬁl %8 tinear viscoelastic
conposition conprising clay mnerals, typically of the

of lnigs ohwles saredlgr olke aﬁa‘um@rnearut@ha}icwbs ir¢dueest the §tygin at high
addiiréq:ugrﬁlets(?f g&'sé)rgltglge%%%gl Oqulllyag F@e trEuFE Bce ave
| ca y

been 1 0n exc ange ["ar ge, nucl ear,

hi ghl'y chigogied date tvedre (ﬁorvpthe& ngmltﬁedn@arreﬁuémud@smoﬁel $RcRyron
1§ onl§ (r:]lg%b%ﬁ[ave Cﬁ%lst%r nlgct CCLé l%agglg?rs nam%@o? P merzc Liquids,

poI chzmafréi Ehdzcaﬂ@skanacmd(Jothﬂelya&g%nis on YblnlusL98t7h¢> 171-172],

term.pi l.l ari refers to a sinmple chan e rea tion in
wh T i BRI EG Tt Galt BHER P U ST RAPERr ahe A e
r epligosid;, wisédus kadx@on tghhy a 6Radtl eakamoRs as Blldﬁ:htedlﬁelow.
Keggi n i ons. These polyneric cations are then
i mobi lized within the interlayers of the clay and

20Men cal|gi|neganepgynvenrtied to metal oxide "pillars,’
effectlvely supporting the clay layers as col um-1Iike
structures. Exanples of pillaring and pillared clays

Soa O g T yoph R R o TR EPEE R I D 1y,
(S Wlttlngtmar@nﬁrﬁ&equém}/obm eds.) Ch. 3, pp.

55-99, Acadenm c Preﬁs, Inc,, (1972); U.S. Patent No.
4,452, 910; U's_ ZP86RRE VRSB INFAS 611 and U.S. Patent

25 T, = viscous relaxation time in s
a = breadth parameter

n = power law parameter, fixed at 0.1818.

Long Chain Branching as Determined by SEC-MALS
30 A combination of size exclusion chromatography (SEC) with multi-angle light
scattering (MALS) (SEC-MLS) was used for long-chain branching (LCB)



No. 4,060, 480; each of which is incorporated herein in

its entirety. Although any nethods, devices, and
woradoenisbs simlar or equivalent to those descPCEs2007/065499

herein can be used in the prac%bce or testing of the

i nvention, the typical nethods, devices and materials

are herein described. Al publications and patents

menti oned herein are incorporated herein by reference

for the purpose of describing and disclosing, for

exanpl e, the constructs and net hodol ogi es that are
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as the context requires. The present invention is
f ur RO PPRISTUCROBMSHPOTHOINIGY ol Aeitien dhisapising wispagentration

ar echifhatd RaR & cbQRSh ﬁ1§ﬁ%cﬁt&nﬁg }éhr%){togﬁrﬂs AP@SEREt angles were also
limtations ugon t he sco ereof. On the contrary,

it dcquifed fplecagh Eugctign usiee yﬁ%éd\Strh@tSOﬁ\é%r At gagh chroniaiagraphic
to ds\f{e‘é 'H%Hlsthgtalaﬁflut@%ﬁﬁ& Br w‘%([%@@'a it Qﬂ Edu%?et (RABS) radius,

I val ents thereo realngt
15des’cd$0| wons rdrueiohgyratan (§@gfg€é@ Dbtelh@dn&@m\aékbm)ploh%lnwcept and

or difar ¥ pcblégvelly ! IOIthB&s R thid “@%&%he%@ﬁﬁé& h \éit ??F‘t.,tﬁigﬁl. Chim.

spirit of resent” invention or the scop
appfimdeidlcl @9%) wﬂlwhtlhberélm llncmporgteéhamnl tesrefemmlceSBits entirety.
eci f

destiBEE REFEIR Gy ARG P AR SRR AT P Rty tene

rein er’an 1nert
at mamphe(ﬂhmsmchhﬂm Ch¢miogieto. )aﬁdh/e oncight mmge Solocelnt seight (M,,),

ur chased sour ces
2o BelHET GRS GG RV Lt SRR T B i) and
us emolelll@s & eighth @isiMbators PRIGIM,) tkre redagpartl Sirwerlis data, and are
obt ai ned from co rcial sources. General testing
pr JUEHRFL Y vaggus tblesr § zati on, and synthetic procedures

are The Zimm-Stockmayer approach was used to determine the amount of LCB in

ethylene polymers. Since SEC-MALS measures M and R, at each slice of a

25  chromatogram simultaneously, the branching indices, gy, as a function of M could be

determined at each slice directly by determining the ratio of the mean square R, of
branched molecules to that of linear ones, at the same M, as shown in equation 1:

(Re),,

EM = (D
(Re

where the subscripts br and /in represent branched and linear polymers, respectively.



provi ded herein. Synthetic nmethods to prepare the

net al | ocenes, treated solid oxides, and other reagents
w@boorhi®93 nventi on are al so provided herein. QCEDS1007/065499

Testing Procedures Ml ecul ar Lght and nol ecul ar

wei ght distributions were obtai'hed using a PL-GPC 220

(Pol ymer Labs, UK) system equi pped with a differenti al

refractive index detector and three 7.5 mm x 300 mm 20

um M xed A-LS colums (Pol ynmer Labs) running at 145

OC. The flow rate of the nobile phase,

1 2, 4- trAtcahgim@enkeeweighf{@ByagcxbmrmmiOﬁ@CrB Eer gmol_ecule (Bsw) was

| -4- heno )
ol 2R T b ) e SRl P e v
ge rt&ara:lhbwéte pisuined totbe trigang@nalf orlY @haﬁpedﬁ rTg/ m.,
dependi ng on the nol ecul ar wei ghts. Sanpl e preparation

was condc p€2atg3”§/@ Cfsy,) JTBWV Eo casi o(%l and

genfME fE{WW ei ng
Wd?og”a Pt or( M)Je

transf er?e tijon. In order to

Tl B b Tah Pl WAL T v e

so ution.p The egral calibration nethod
S {éd {r%}gl? g%cuém 5 léaélﬁPgr wei ghts and nol ecul ar

vvel ghtLC%Pquob@tlu®Q§/MS| ng a Chevron Phillipsz)
Cheni cal s Conpany's br oad |inear pol yet hyl ene, Marl ex
BHBERA3 M; ds thcheWrodabk £t siivdarthe THR dintiegioalactoabtie mblecular

et PR O O SR NACT Iy Pt SRR R adERUM o

16 0 det erA[Ti"Q&arﬁ:ftﬁﬁﬁneVAﬁmﬁt&b%yNﬁﬂ'G)@érﬁPt)l%r $igd iDdSribution Instrument"
Smal | - traln osci | | at or. ar urenent s wer
perVor P&?ﬂ Bl ARt S Ped ‘EISP %CSr%?earZéBfﬁ@Feﬂr%%uaH specific pore
parailmd (Pt eolﬂﬁ@'f)EtTlMs (bfrumBist ¥aBRfufied fi@f B Guantachrome
Rheonetrics Inc.). Data were typically obtai ned over
an @fpemrLan, Y%S?fﬁéﬂé(y range of 0.03 to 100 rad/s at a
tenperature of 190 OC. Fluff sanples were stabilized
wth 0.1 wt% BHT di spersed in acetone and then vacuum
1 r i rgpasation o arfdraided Silcarigimese deelosomprasssi on nol ded
at 184 %ef 9[1caaa1{119 gl uQfi ?é:f)af@ R @Roriddae sﬁlmhﬁﬁla acidic
were allowed to nelt at a reI atively |l ow pressure for
oneachy et eppavtintthis fixemplp ees swicaly Ranibghsilstadimiga obtained from
pr r i
ey FRAo N QA Sy LOp Y inee WRDR PR e o
pr e@sut D sikg amhv smr@ace hea off 2leoup 49hmy/g2Thds materikl anetlgerided by
208" %, n'gﬁ)onq 1nc it WGQIGSS w1kh a sollﬁlo%k%%ntfal%{ngrarr]nerﬁ)oln(i) 16Hu0r1de n
char a?cﬁigerl Zati on,
an amount sufﬁ01ent to equal 10 wt % of the weight of the silica-alumina. This

impregnated material was then dried in a vacuum oven for 8 hours at 100°C. The
thus-fluorided silica-alumina samples were then calcined as follows. About 10 grams
of the alumina were placed in a 1.75-inch quartz tube fitted with a sintered quartz disk
25  at the bottom. While the silica was supported on the disk, dry air was blown up
through the disk at the linear rate of about 1.6 to 1.8 standard cubic feet per hour. An
electric furnace around the quartz tube was used to increase the temperature of the
tube at the rate of about 400°C per hour to a final temperature of about 500°C. At this

temperature, the silica-alumina was allowed to fluidize for about three hours in the



The test chanber of the rheoneter was bl anketed in
nitrogen in order to mnimze polyner degradation. The

WO b@oretoes was preheated to the initial tenperBtTU82001/065499
the study. Upon sanple | oading_and after oven thernma
equi li bration, the specinens m@?e squeezed between the
plates to a 1.6 nmthickness and the excess was
trimmed. Strains were generally naintained at a single
val ue t hroughout a frequency sweep but |arger strain
val ues were used for |ow viscosity sanples to maintain
a ndpsur abftewedr theeilicgmhiniiey wst celepted ahdisteredemderudg ahitrogen,

for_high vi.scosjt anpl i.d overl oadi ng the
torat:?géxg'l s %ﬁs‘ﬁglg)gtr&gﬁsgwﬁg%ieeag%O%K%ﬁ'i n the linear
viscoelastic limts of the sanple. The instrunent

aut }ical re%uces the strain at high frequencies

i f REEACERATPEWEBy from overl oadi ng the torque

3 r ansdu@gtallodermC &1t Wwadatparcheee fiolm VIBduhdead BwuidhtfficedCompany.
Car r eay- Yasuda el [R Byron Bj.rd obert C. :

e e LRSS et ik Sgeed SRl o ho FeBy frgpred in Al H.
Li qui, d6al. Yabdimonik:. Eleii. 499 GBaANI; GRd RickehB., \Wrk@nallics 1997,
Sons, New York, 1987), 171-172 which is. ) )

i nclfk pdftat ed hpystugiiEs woloareriSr empteiesopist HicH Bstienigyeuive and

of AR amBlOESMGA: aVd B6ARkdYa FMEGEOYS rel axation timne,
and a breadth paraneter, as indicated below. \h \ =

Iho/[I + (op 1] ) a] -n)/a\ wherein: |h*\=magnitude of
thep e QNP @X Viscosity in Pa-s w = angul ar frequency in
rad/s JJo = zero shear viscosity in Pa-s n =viscous
r el GualviioRun Usieg Matagognebdeadt h paraneter n =power | aw

bt or i red 0GR R G m B P G R DB o e of
c hrtbermtetedloeguh - SEC)miwiutchof2StmE afiglEA (Ihn hssakes)eiSngL of
{ e S 2 M ARSI, SR it
scaBt7gs ilng) photlensteer rdattpatusingetbhrfollogyg pSandwe. A sample of
(ngﬁlrﬂiafm?d g%lAiga a uglin%t(tlgf rr}l% , atng aasaﬁllf)iezg'to thesq'-q %Xt%ho%@ne solution (5
mL, 3.3 mg) that included TEA (0.83 mmol) were added in that order through a
reactor charge port, while venting isobutane vapor. The charge port was closed and

20  two liters of isobutane were added. The contents of the reactor were stirred, the
reactor was heated to 80°C, and ethylene was then introduced into the reactor along

with 25 g of hexene. Ethylene was fed on demand to maintain the reactor pressure at

450 psi for a reaction time of 60 min. The reactor was maintained at 80°C through the

run by an automated heating-cooling system. Polymerization conditions and polymer

25  characterization data (molecular weight) are provided in Table 1.

EXAMPLE 2
Catalytic Run Using Metallocene I-2
A metallocene solution (0.66 mg/mL) was prepared by dissolving 15.5 mg of
30  metallocene I-2 in a mixture of 4 mL of TEA (1M in hexanes), 4 mL of hexene, and
15.5 mL of toluene. The polymerization run was conducted in a two-liter stainless

steel reactor, using the following procedure. A sample of fluorided silica alumina



Labs, UK) or a Waters 150 CV Plus system (M| ford, MA
through a hot transfer line, thermally controlled at

w0 b@7ase3 t enperature as the SEC col utms and i PGT/US2007/065499
differential refractive index ) detector (145 0C).
At a flowrate setting of 0.7 /mn, the nobile
phase, 1,2,4-trichlorobenzene (TCB), was el uted
through three, 7.5 nmx 300 nm 20 mm M xed A-LS
colums (Pol ymer Labs). Polyethylene (PE) sol utions
with concentrations of ~1.2 ng/nL, depending on
sanBfesg).wed e spnelpaf éd Ied m¢BloR G mbution (th rrtieﬂcﬁrlegheatrigcluded

tr r th inj.ecti S
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5 eVERHIARNy s tBéH mEEAlck® iritd eheClas TRl QG il 28t dinkk&ike Mthylene
angl es were al so acquired for each injectign usi

V\yaws fed omdemandytp nagpptpifdhcereacter Rgsehe htofhit é@rraarﬁrﬁ%@n time of
sl i e mipotihet Bgi@bsal Hltaf?na”i%eﬁtﬂoa@ MRLGNkh Mh @ﬂqn ra@Qmated
mean square (RVS) radius, also known as radi us “of

gy rizeiiegiccoRyg syasme Hpﬂ»trmrrzet@bnfqoorhmanswedjpelypvleochaycterlzatlon data
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process are Anal . Chim Acta,
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r ef RV AR its entirety. The |linear PE contro
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poIQﬁh@y&EmeUsa@mkaﬂé&heﬂrbn Phillips Chem cal Co.).
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wer.e conputed fr t hi s_dat a,

150 ar 1ot i0aL ofgluens. oHogo s ion %wrweﬂu%r&énageegaﬂon
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Since SEC- MALS neasures M and Rg at each slice

chritipaidedypilica dpminpi@begs|apd atsp@plsrod ikhCrigmeibocas Solution (4
IMmBs2 & Iﬁg}qﬁit' 19au&éfd ™ £y ke nrgﬁ‘ol}j &he ramllﬂglgll "’I@Ae@)cf' mL of 1M

srce dlrect Yy y etermnlng he ratio of the nean
S qURIBIORAN Bexapesa rictie ddded | e dhat @sder dhrpwght a ¢factor glagge port, while

2(P n @é 155 n% @%os g/lrl"héléha?}gé% WA SRR ONS iuers%\ﬁ 1sobut'agé3were

ere I pts br and Hn represent branche
an dadldech eﬁlre cpmtegmmf she reag@erdre v@iad, Me reacyir wes hgdwpd toH®°C, and

wei aver a ed nﬁﬁ? f LCB Rer ol e k (ﬁ§§% wa
CorBOn R T R e BBt E Wt bps e et Fivine
equadsi fod o2 deminelr 10 nidiain the reactor pressure at 450 psi for a reaction time of
60 min. The reactor was maintained at 80°C through the run by an automated
25  heating-cooling system. Polymerization conditions and polymer characterization data

(molecular weight) are provided in Table 1.
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Met al | ocene 1-1 and 1-2 were prepared according to the
nmet hods reported in Alt, H G, et.al. J. O ganonet.
wChem150999, 580, 1; and Rieger B., O ganonet aPdT/US2007/065499
1997, 16, 544. The structures gg specific netal |l ocenes
used in the inventive and conparative Exanples are
illustrated in FIGURE 1. EXAMPLE 1 Catal ytic Run Using
Met al | ocene 1-1 A netal |l ocene solution (0.67 ng/nL)
was prepared by dissolving 10 ng of the netall ocene
1-1 in a mxture of 2.5 nL of TEA (IMin hexanes), 2.5
nmL of hexene, and 10 nlL of €bAlMRe. The pol yneri zation
run was conducted in a one-gallon (3.785 liter)
stainl ess steel reactor, using the follow ng
pr ovedlwim: A sanple of fluorided silica alum na (192

nmy), and a s 1-1 netall ocene solu

1" 373 0 S AETr RS EATp o e o et O o at teas
I N drdadnsdmdanodehe; Q) gpticall g ac teast ol afggoghatiihymwhimp&und; and 3)
venti?rf%gt i sobut ane vgegrgr The charge port was cl osed

and* SRS AF pEPEOGAICEEbut ane were added. The contents

of the ngact & WaERt Sid fisBGhetdldEent @AFHHLes WS RALE Hartify the
800C, and ethyl ene was then introduced into the

r el g ong with 25 g of hexene. Ethylene was fed on

demand to naintain th@(lj(g@@t@@dme@@éﬂ&g at 450 psi for
a reaction time of 60 The reactor was nai ntai ned

at 800C t hr obyhh titaneiny. HCW%r?fﬁﬁiﬁPb‘ﬁ‘at ed

heat i ng- cool {1 8y @EZ? He 1E&b¥ﬂﬁ‘e‘ﬁthl§§db9tﬁm%@ 'ﬁgbﬂehﬂ 138 2 dMfltituted
pol ynmer character| zation data (nol ecular weight) are

prowiaed in Table 1. EXAMPLE 2 Catal ytic Run Using

Met al | ocene S i.0

was prepar edgj%"2 L@I gﬁ%ﬁvoilng%e)n%d @dn‘gh B]rnegtqeﬁtsgr /bggr&fdéo both
in @( raxd L(JKé =m‘d avirig thf: fb‘&ml@ IVILIChI [ (€8 kafelsCHo U arla edbstituted
hex *ﬁ él% avatie?enmr %s an 1{1‘[8%69 %%i%tl t-gl'giem&%mx r I zation run

was’ co al'nr ess steel reactor,
usi ng the fo(X30mmgXbrawmdeneedenAysamﬁl @1 ar, 611 118 b dhgdrocarbyl

silica ?B
et B SB1GeD sebh i B EM IS oha e ay e «
(0. lﬁﬂrdmﬂbb/])am\ﬁ&)rg,ﬁmﬁﬁ dedtrihpdrobeabylatyti giou, hlfl@ ughhlah heagd @ to 20
char port V\%é‘lﬁ% yenting,i sobut ane va The char
por ErRESTET t) QTR TS RGBT R Sl a6 o o Eroup
addgg.of WARhGehem & 10fcaibbe atog@cingr were stirred, the
react or was heated to 80QC, and
any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one organoaluminum compound comprises a compound
having the formula:
AL )X )sn,
wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X°)

is alkoxide or aryloxide, any of which having from 1 to 20 carbon atoms, halide, or

hydride; and n is a number from 1 to 3, inclusive; and



et hyl ene was then introduced into the reactor al ong

wth 25 g of hexene. Ethylene was fed on demand to

woriontLgions t he reactor pressure at 450 psi for BCT/US2007/065499
reaction tinme of 30 mn. The rgﬁgtor was mai nt ai ned at

800C t hrough the run by an aut ted heating-cooling

system Polynerization conditions and pol yner

characterization data (nol ecul ar wei ght) are provided

in Table 1. EXAMPLE 3 Catal ytic Run Using Metall ocene

C1 A netall ocene solution (0.67 ng/nL) was prepared

by di ss@ vi nthekOlenyy ood actingonie teédtaiciadmpe@chtly from:

m xture of 2,5 nL o

hexene, and PO %mvo?uehé&*gﬁggﬁqﬁﬁﬁé?@é% l&gn%haiwuhan

was c oneblectrexdwuthdrawing eaga)d kaynerécBm?rﬁBﬂ Ianntuar $xchigenilessivator-

steel reactor MAng procedure. A sanple

of fIuofP@%ﬂ:@%PVSQ%QP%HPﬁ%ﬂ? 00 ngy), and a sanpl e of

the C 1 netali) Oceﬂfbrganbbttrd)rﬁdﬂ)n{péum aRorgandfdrate bahpound; or

i ncluded TEA.(0.67 nmo ditional TEA (0.1 nL

of 1 Msolutidh i n"¥éRE gon%ﬁﬁﬁ’added in that order

t hr ough vahefcatt Qf e dhg ergaﬁcrauumlm Icsmy@ﬂlﬂlm Gption ABUKANE least
vapor. The charge port was closed and 1.8 liters of

i so%ﬁt()é?fea@@e?elsa@d@ecarhsﬂér%&@@m G @f20t°ﬁt%>op BB ol Rt e
stirred, the reactor was heated to 800C, and ethyl ene
was then introduced into the reactor along with 25 g
of hexerfe. ERyFEplEstgaaPpEdonosl Hiaiarded Mherciaihprhicastt e ansa-
re%&tﬁ’lﬁoc@ﬁ&%%h@es%tcoﬂéQurfaﬁiavﬂhgEhe%ﬁqﬁﬁ‘&t' on tinme of 60
mn. The reactor was nai ntained at 800C t hrough the
run by an aut omat ed r11e (R ol i ng system
Pol yneri zati on condiRTON poRymer characteri zati on
data (nol ecul ar weFght) fow’ded in Table 1. Table
1. Polynerization condlntl ange pol ynmeri zati on
results according torthys sy ogure. 4 4- 1

r at 1. 2 TEA
triethylal um num CLAIMS W O aim @g)’ﬁqﬁeé "al yst
conposi tNI'ol zt@mpmi &imgithe contact product of: 1) at
| east

X" and X® are independently F, Cl, Br, I, H, BH4, methyl, phenyl, or benzy];
R', R?, R%, and R* are independently an alkyl group or an aryl group, any of
which having up to 10 carbon atoms, or hydrogen; and

n is an integer from O to 7, inclusive.

3. The catalyst composition of Claim 1, wherein the at least one ansa-

metallocene comprises a compound having the formula:

(ITA), wherein
M? is zirconium or hafnium;

X® and X' are independently F, Cl, Br, I, H, BH4, methyl, phenyl, or benzy];



one -netallocene; 2) optionally, at |east one
or ganoal um num conpound; and 3) at | east one

wa@ewrastoes ; wherein: a) the at | east one -net aPCDURIVET/065499
conpri ses a conpound havi ng th formul a: ( XLXX2XX3XX4)
wherein Mis titanium zirconi Fn or hafnium (X1) and
(X2) are independently a substituted fluorenyl or a
substituted indenyl; one substituent on (X1) and (X2)
is a bridging group bonded to both (X1) and (X2) and
havi ng the for rrul a CH2CH[ (CH2) nCH=CH2], or a
s ubst i t ek’ ambR ¢ Gge irdependéntlywh ehel gromp qnsanawllgmueg@w of which

[ ng{ypiénﬁélgn? O& r‘]%n%li—ddscbr ﬁy§§c}ge§%fl( ng gr ﬁydr ocar byl

group hanis mtglntqgeltfmrﬂOtccaniIIﬂ)l[Bl\&t ons, H or BH4; 3) a

hydr ocar byl oxi de group, a hydrocar byI am no group, or a
tri hydrocarbyl silyl group, any of which having up to

20 car ban at 0n® catelystdpmpPBRAR 0OCIafidd Rkhetamethe ian 1dRA dns ansa-

an al roup .or an aryl qgrou of whi ch havi ng
p et HSG&%&@?O&#&%&%%@@% sent on the

bri dgi ng g any additi onal =nt uent on the

subst |1 uied epyl, andré w@« otr@l substi t uent

on the sub i nden tly an

al i phatilg hﬁ] h aromati clic group, a
comnbi nati on™>Q ?M phatl c and cycl . ps, an oxygen

gr oup, R% grRdup, a nltroge p, a phosphorus
group, ar sead/c grawp, a car bRin group, QIB) | Jr GO Bombination

group, or a boron group, any of which having from1l to
20 theiegforh g€®ns; a halide; or hydrogen; b) the at

| east ong! %M@lnu@geﬂmmmmom@mﬁmses a compound
havi ng the fornul a: 'wherein (X5) is a hydr ocar byl

havi ng £¥ ot X ta1d20° erainsspendemshvCl, Bixgwethyl onbsayl de or
aryl oxi q{e R2RY, Igf Rmﬁ&ﬁ6 J}exﬂd nfié e %u%y@o%g/d%gelbon

at ons, halde ])1/dr| : nlsa roml to
3, incl Riivk; m@thldc9t Ilhlep@()ylL elalsbutmln@dact ivator is

sel ect eql, nrbqapg&gﬁ&tclaxs Iu{ fﬁ{@ger from 1 to 5, inclusive.

5. The catalyst composition of Claim 1, wherein the at least one ansa-

metallocene is selected from



i) an activator-support selected froma solid oxide

treated with an el ectron-w thdrawi ng anion, a |ayered
wOorRewen 093 an i on- exchangeabl e acti vat or suppor t PCDUSBENY065499

conbi nation thereof; ii) an orggnoboron conpound or an

or ganobor ate conpound; or iii) ‘any conbi nation

t hereof; wherein the at | east one organoal um num

compound i s optional when at |east one of X3 and X4 is

a hydrocarbyl group having up to 20 carbon atons, H,

or BH4. 2 The catal yst co 03|t|on of Caim

wher ei n ocene co a
conpéBHc wher eiBy t-Bu
zire AT Xé a.r“@l i nefEPE cl

d, phepy =Cor benzy ; T RE|

R3, , B 3Bl gne N\ ty:'!lu
group, v’ Of [ @ 10 carbon & @ or

hydr og and integer fromO0 to 7, Ius

3. aPPie“E’Ei“&P%ﬁ”E"BFrﬁ'@?F?? 8o BT IS \‘zéhaélrléﬁ"ﬁeft hgma]t 5,
| eaigtlugne ansanet al | ocene conprises a conpound havi ng
the forrmula: (HA), wherein Mis zirconium or hafnium

X9 and X10 are independently F, d, Br, |, H BH4,

met hyl , gphenyhe @falyRERMbosRON 85 Clé‘lﬁfj 1R7w1§3'ieﬁn the at least one
|ndependently an al kyl group or an ark)z/1 gr oup, any
whi YRAREYMYMYp CeBPornd ¢ &PBBHSCat JFECthylRIUA IR g efict hﬁh&lmanum

i's tﬁBrob?l ﬁgﬁﬁun{ r Qﬂan)u%@ahYmmhﬁﬁCl ﬁ‘fi’éoBﬁylaﬂlmlﬂ-Lhﬁ Gkl ¥ Bininum,
|

conmposi on of Claim wherein the at | east one
ansaifebex) labeEnen.c onprifiedsalmiwm ound disdyiahgnipwa cthoxide,

for&ngb I\)élﬁlh@nun{ﬁéﬁhde Eeﬂ@ylmhmmoﬂae L& ﬁf&ﬁnblﬁemg Blbiof,

and are 1 ndepen ent y zirconi um or fnium X7,

X8, X9, and X10 are independently C, Br, nmethyl, or
benzyl ; 7. The catalyst composition of Claim 1, wherein the at least one activator
comprises a solid oxide treated with an electron-withdrawing anion, wherein:

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and

the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, substituted

or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or any

combination thereof.

3. The catalyst composition of Claim 1, wherein the at least one activator-
support further comprises a metal or metal ion such as zinc, nickel, vanadium,

tungsten, molybdenum, silver, tin, or any combination thereof.



Rl, R2, R3, R4, R5, and R6 are independently t-butyl

or hydrogen; R7 is H nethyl, ethyl, n-propyl, or
wo2atiydo93 and n, in each occurrence, is an intRgEUSINTONS499

1to 5, inclusive. 5. The cat a%st conposi tion of

Caim1l, wherein the at |east e ansanetal | ocene is

sel ect edany conbi nation thereof, wherein n, in each

occurrence, is an integer froml to 5, inclusive. 6.

The catal yst conposition of Claim1l, wherein the at

| east one organoal um num conpound conpri ses

t ri met hyl al uithaeatalyst corepdsioalodi@iamay wherein the at least one activator-

tri . nu I-N- | al umnj : :

tri s{%é}%%ﬁ %Oélfpg]lg%s% Jrf]aa/ nr%l{n{:rralf,] ﬁg)ﬁ;a%[egf&ba%n%rpu %}%hated clay, an exfoliated clay

t r i geblod éxy laabtheri oxidn mhtrixp e tlyyeaddusilicatnmirctiradt i ynbedlayaied wilicate

et hoxi de, diisohutyl al.um num hydride, djethylal.um num

chi BPeaE s Y abhdlit U e ush sl S SR e o
comp@sbinbaati@fthékal m 1, wherein the at | east one
activator conprises a solid oxide treated with an

el ectron-w t hdrawi ng ani on, wherein: the solid oxide

is siliaqa, alTuatdidystsbhpdanalodtiana.l, whéisthaRRPREARAL Sstivator-
al um num phosphate, zinc, alum nate, . . .

het ¥PRIbANTEhiarided alpmingflupridsd plugiinagfluqridedh alyminophosphate,
bor juffated bimiRXNERidedin@dalReind &5pilAed 885, or By @Mbination thereof.
combi nation thereof; and the el ectron-withdraw ng

anion is fluoride, chloride, bromde, iodide,

phosphatig, tfjf &a@a{lfst cBhsldoftofciafth f @h&einf | UOTr ObOr at e,
fluorosulfate, tritluoroacetate, phosphate,

f | uor ophosphéiceat l¢asiygircozise-aestrdloecnefdoppriessid ¢apatopnd having the
flugrQltanate, substituted or unsubstituted

al kanesul fonate, substituted or unsubstituted

ar enesul f onat aQly conbi nation t
cat al yst Gpop '
one actiya ppdr t f urt her cesprise
netal ion such as m, nickel, vanddib
nmol ybdenum_.si | V2 ti'n, or any conbi ng .
The  cat al yt™~ hi-Bh of Caim i, the at

| east one’ act w4t odstippor td&pnpri ses B clay ni nefldh), ar a
pillar e%ockl%gﬁo atﬁer?&‘ff\%é gltned clay, an exfoliated clay
gelled into another oXide matrix, a l ayered silicate

m neral , a nodf-ahdyEredindipeidzatezidonanadr,hafilnayer ed

alumnosilic mera(Jamanon-laerdau'n ilicate
mneral, or gﬁ?{cgﬁb% £ oHC tHisp r.ltg' R OB DI B methyl,

phenyl, or benzyl;

R', R% R, R* R’, R, and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and
n, in each occurrence, is an integer from 0 to 7, inclusive;

b) the at least one organoaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and

c) the at least one activator comprises a solid oxide treated with an

electron-withdrawing anion, wherein



10. The catal yst conposition of Claim1l, wherein the

at | east one activatorsupport conprises chlorided
w@bkemite93 f | uori ded al um na, fluorided PCT/US2007/065499

al um nophosphate, sulfated alugjna, fluorided

silica-alumna, a pillared clagb or any conbi nati on

thereof. 11. The catal yst conposition of Caiml,

wherein: a) the at | east one -netall ocene conprises a

conmpound having the fornul a: conbi nati on thereof,

wherein ML and M2 are independently zirconium or

haf ni um X7, thé8soliXxidenid siicd, anminanciéperdameal yluminoghgsphate,

Br, ... th h : : ., 2. R3. .
il PR, e, UG RoorBEREMayl; By poni
an rasgnesighotip,ziremyidof misxhd ctiddsabdred, arpny confingen iencof; and
atons, or hydrogen; and.n,.in each pccurrenc is an. .
ntoger froms deuon SRty PREERDET orgRae iodce
or gehogeateritiiflare, C biRIGHK) dsutfarp riius @S otatel, Niatoboslidtel miriflidtoacetate,

: I :[ﬁjtg%:ﬂ%; ﬁlgc}rn rgﬁQ}Hel, ?1{,1{)) ﬂé@%égﬁ%%}ﬁcatle,bHﬁgélot%n%{Q, glﬂoglituted
t 1 i drs@besdituctld WikaAekM folidtd, QEBsYituad dUSH Widisti ikt Ax)H gl IEONBB UG any
et hoxi de,. diisobutyl al um num hydri de, diethylal um num

chl @mbgRtionthersl, conbi nation thereof; and c) the at

| east one activator conprises a solid oxide treated

with an el ectron-w t hdrawi ng ani on, whereinthe solid
oxigde i Spsichthi§@ coRbiioRdf CHiith i1 CATRrFIPAsing an organoaluminoxane
al um nophosphat e, al um num phosphate, zinc al um nate,

het @rpp@idy ¥ igigs theoessnoalyniaeage composerhoaprisgignesi a,

boria, zing;axi. ] ' hereof, or any

conbi natzdlicgﬁhcgﬁﬁe@gg %gﬁgn%éﬂg gfc':dt ron-w t hdraw ng

anion is fluoride, chlor iuge, om de, i odide,

phosphate, triflate, bﬁgf e sul fate, fluoroborate,
fluorosul fate, trifluoroacetaten phosphate,

f | uor ophosphat e, fl uoroziRconat e; whirtiar osi | i cat e,

fluorotjtanate, substituted_or unsupstituted . )
al Elgr’feas %ﬁra'%r@}"?lgfﬁﬁ‘féidi haying drogy Pt?nthlj‘ii’%'ﬂnt%‘%“ésd and n is an integer
ar em@s 8ld syvat m; or any conbi nation thereof. 12. The

catal yst conposition of Claim1l, further conprising an
or gano alfdBEH ¢luppoxane having the formula:

/R
R‘%N—O%AJ
| n \R
R

R is a linear or branched alkyl having from 1 to 10 carbon atoms, and n is an integer

; wherein

from 1 to about 50;

a cage aluminoxane having the formula R's 4R -0ALimOsm, wherein m is 3 or
4 and o 1S = naR) - Ho@) T Mow); Wwherein na(3) is the number of three coordinate
aluminum atoms, #op) is the number of two coordinate oxygen atoms, nogu) is the
number of 4 coordinate oxygen atoms, R' represents a terminal alkyl group, and R®
represents a bridging alkyl group; wherein R is a linear or branched alkyl having from
1 to 10 carbon atoms; or

any combination thereof.



conmpound, wherein the organoal um noxane conpound
conprises a cyclic alum noxane having the fornul a:

WO geo1133 - r ; wherein Ris a linear or branchedusioryd65499
having from1 to 10 carbon atogﬁ, and n is an integer
from3 to about 10; a Iinear aPum noxane having the
formula: wherein Ris a linear or branched al kyl
having from1 to 10 carbon atonms, and n is an integer
from1l to about 50; a cage al um noxane having the
formula Rt 5mraRb m aAl 4ng 3m wherein mis 3 or 4 and
a is = "lAl (3)Yhe cagy®) cenipofid)n wHetkim Ai (dpreins theherganoboron
nu of, three ordi um atons,. "of '

t he% ﬁ{g%@r of Iet ng%coor0 %%%%O%keoxygglﬁﬁoﬁbgns,m" o(%ecﬁeé from
t herinpofeiuoodphdnytborod) nattes[dgybireémiflabionethy Bplicapliesa@nt s N,N-
a termnal..al kyl group, and R represents a bri.dgin .

o) KB, o R @A AL RERPSBENF anc neDBingpmbenium

havtetigkid(pedaflliotophch®l)e@itb 0 Nitleitua Mestrabis (pamyfeosphemdbotite, N, N-

t hereof . 13.. The cat. t conpositi of Claim.l :

whe @Fﬁy{%ﬂ@n%ﬁﬂ@ﬁ%ﬁﬂ% Rt PP e rBbsglearbenium

C 0n@@fﬂdib%,5%is&ﬁh@&bﬁl&hfrlf)%ﬁhyl]borate, or any combination thereof.

tris(pentafl uorophenyl)boron,

tris[3,5-bis(trifluoronethyl)phenyl]boron,

N, Ndi metjqy | amhé icitbiy80 composition of Claim 1, further comprising an ionizing

tetraki s(pentafl uor ophenyl )borate, triphenyl carbenium

t etiPBR| conppentdafelersido e - by anemonipm Hegkis(p-tolylborate,  tri(n-

t etﬂtﬁh)a%fn%ﬂfn?f l %ﬁﬁﬁﬂﬂ%Wl%Qﬁfe?t €4ri(n-butyl)ammonium  tetrakis(2,4-

N, Ndi ‘et hyl ani | i ni um ' ' '

t etdi@mRrihgipBerybprgiet r irin-Guly baemayilnp Heftakiy b ardemashylphenyl)borate,

tri 2 i Jm . P L
t o POERKSAIRERIT | ttraldsps Sobisiflugramethy hotemylborate, i
c onthityl rimingmiunher e gftrakis@entdtheraphtaipstates omp dsNdimethydfnilinium
d aj r [ CO i Si .1.0ni zi ng...oni un

Sk le. £ MRS ARERHER 2! 0%l Gy FBIRE "N N-
t etdimkihglepiiniohy | ) borkis@,4-dimehpipbengl)porarmoniNdimethylanilinium

tetraki tolyl)borate, tri(n-butyl)amoniu o

t ettFté%lsz§’ —,deet%lll Y, 0}5%%n]§1|]\§—g18},eﬁ}yén?hnlum tetraﬂfs[3,5—bls(tr1ﬂu0r0—
t 1 i faethyyphyhy)l boraes i UNIN-@itietyiag{lidium  tetrakis(pentafluorophenyl)borate,
' 5_tgii)ﬁ%%g/EXrlbgr|H§nqyl )t%garlk&}g(g—’tolyl)borate, triphenylcarbenium  tetrakis(m-

tolyl)borate, triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate,
triphenylcarbenium tetrakis(3,5-dimethylphenyl)borate, triphenylcarbenium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium

tetrakis(pentafluorophenyl)borate,  tropylium tetrakis(p-tolyl)borate, tropylium
tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium
tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate,  tropylium tetrakis(pentafluorophenyl)borate,  lithium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(phenyl)borate, lithium tetrakis(p-
tolyl)borate, lithium tetrakis(m-tolyl)borate, lithium tetrakis(2,4-
dimethylphenyl)borate, lithium  tetrakis(3,5-dimethylphenyl)borate, lithium
tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium tetrakis(phenyl)
borate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium

tetrakis(2,4-dimethylphenyl)borate,  sodium  tetrakis(3,5-dimethylphenyl)borate,



tri(n-butyl)ammoni um
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate,
WO eoofnbevy| ) amoni um PCT/US2007/065499
tetraki s(pentafl uorophenyl ) bor ,
N, N- di met hyl ani | i ni um t et r aki sg%-tol yl ) bor at e,
N, N-di net hyl aniliniumtetraki s(mtolyl)borate,
N, Ndi et hyl ani | i ni um
t et raki s(2, 4-di net hyl phenyl ) bor at e,
N, N- di et hyl ani | i ni um
t etyodkins (t@rﬁludﬂohgahylggta@sjym) orlas(eentafluorophenyl)borate, potassium

et PN RIADAL i o ARy bRl pBpgpim ki

N, Nolyil)hmieylpamsdmml tatmakis(2,4- dlmethylphenyl)borate potassium tetrakis(3,5-

: ZE Q)B éf:a %8 (%)‘P) él?SZuqlY %tfagﬁ §i)r8% é%eﬂﬁ]car gn?u%]ltgtgkls(p—
t ettb@ll()al&(lﬁﬂa&l ythbhdﬁ@l‘cﬂﬂaemufﬁrleﬂﬂé{(w t@@ffl)blammm triphenylcarbenium
tetra t henyl )borate, tri | car beni um

t ettFtéazﬁ %é d 1’% ;4/‘5% HE) bor afr@henylg tP?é‘lﬁ%‘l‘ car bé‘ﬁ’fagﬁp =k
t etd@kﬂhﬁpﬁm@i)bm&wirtafd fulipHeh @e@bdmiin RARRYIpEReM@iéhenyl)aluminate,

tri phenyl carbeni um tetraki s(pentafl uorop hena/ﬁ ) borate
tr otﬁ%ﬂl?}ﬁqt?téﬂkfsgkiog’(lblupl;%{la}}? )twy]élfné tet{aIklé qlyfpaluminate, tropyhum

t et kpdidiet, mdtrﬂétﬂ}ilﬁlﬁﬁfflﬁélﬁnlnﬁt%()pyl I um ropylium tetrakis(3,5-
tetraki s( di'met h henyl )borate, tropylium

tetélﬁlﬁﬁhgl@éeryl)ahumafﬁyltrﬂ@éhw)@6%%@ntatﬂwer@9hqnumlummate lithium
t ett@@h&l%éﬁta@ug’ﬂoéﬂ& l)il{lﬁ‘lﬁlﬁ@mhﬁﬂdrﬂ @aﬁﬁﬁé&[ﬁlgﬁﬁﬁfuﬁnnate 11th1um

tropyliumtetrakis(pentafluorophenyl)borate,

t etteEakis-aviiadiminge.o bﬁml f)emhi%imeto yDrlumingte, llthlum tetraleQ 4-
tet

T L
t et tmaailwtozlummaﬂm rretShghluph entglnyibgpertt@]uotaphériylipfuminate,  sodium
: :: IE:% 1S hehSI&aQuﬁgthyl 3511 Ellyltgtpa%saot—%lyljaiuﬁlﬁﬁa%p sodium tetrakis(m-
t ettobzlk)als(mam; abdiwar opdkasiy H)dboetbtlphenglpdumimte, sodium tetrakis(3,5-

t et rate, s di um . '
t et Q’E @%@H%‘gr at e, SQUUE | tetrafluoroaluminate, potassium
t et%M@I@maﬁ]@behéﬁQDﬂﬁlﬁma&pﬂdtMm tetrakis(phenyl)aluminate, potassium

: ::t;ﬂé% sié gol)gl)ag-}%%t%: Sﬂog?]%]:u}nggﬁ %%rgk ﬁ%bﬁh‘ﬂuminate, potassium

t ettéﬁiﬂlé@@ﬂ@bﬂd’t@l@enﬂ%ﬁﬁﬁht@m potassmm tetrakis (3,5-
tetnakis f | uor ophenyl) borate }a55|un1 ,

t etq’"élRti g bﬁ]iusnmg]teat é)otaﬁ%vtlrgs tetrgffuoroaluminate,  triphenylcarbenium
t etth@(&|2$§’pndrﬁhﬁ(dr%@?l{eﬁyﬁﬂu&@ihﬁﬁﬁbtb'm t et raaldrs ( Mb@diyd(d,1,1,3,3,3-
borate, potassi umtetrakis(2,4-di nethyl phenyl ) bor at’e,
pot}éfé%ﬁ@ﬁ@l%@fqpakql%t(%l@m%‘?a st HYy P FREAKiF (PRSI oet; butoxy Jaluminate,
pop§§ﬁ§3&h&§&ﬁﬁmkgggoborate tri phenyl car beni um

tetraki s(ptolyl) alum nate, triphenyl carbeni um
tetrakis(mtolyl)alum nate, triphenyl carbeni um

t et raki s(2, 4-di net hyl phenyl ) al um nat e,

tri phenyl carbeni um tetrakis(3, 5-

di net hyl phenyl ) al um nate, tri phenyl carbeni um

t et raki s(pent afl uorophenyl ) al uni nate, tropylium

tetraki s(p-tolyl)alumnate, tropylium
tetrakis(mtolyl)alumnate, tropylium

tetraki s(2, 4-di net hyl phenyl )al um nate, tropylium

t et raki s(3, 5-



di met hyl phenyl ) al um nate, tropylium
tetraki s(pent af | uorophenyl)al um nate, Iithium

W edorakiosy pent af | uor ophenyl ) al um nate, |ithi unPCT/US2007/065499
t et raki s(phenyl)al um nate, Ii tg%um

tetrakis(p-tolyl)alumnate, |ithium
tetrakis(mtolyl)alumnate, lithiumtetrakis(2,4-
di met hyl phenyl )al um nate, 1ithium

t et raki s(3, 5-di net hyl phenyl )al um nate, |ithium
tetrafl uoroal um nate, sodi um

t et r aki d6penihé tasdyso pbreposltivalot@iamatl ewhaadi um

t et raki s(phenyl ) al um nate, sodi um
tetrakis(p-tolyl)alum nate, sodiumtetrakis(ntol
al um nate, sodi um =
tetraki s(2, 4-di net hyl phenyl ) al um nate, sodi um

tetraki s(3,5- dinmethyl phen l%%l m nate, sodium
tetrafl doroa hﬁrri‘“iqgetaé%/ Oﬁ%taé)é‘é' f‘?’ﬂocene COmPIISEs
t et r aki gtypesmaf | uor ophenyl ) al um nate, potassi um
tetraki 0@“ )al um nate, potassium

bl ¢l ) al umi nate, potassium

t et Tal
t et r aki Ql V! )al uni nate, potassium

t et r aki 4’@- 1 nate, potassium

tetrakis (3, 5- ﬁ%?ﬁ%gﬁ%h%@%ﬁum nate, potassium

tetraf | bor oathen mat deast r igphenyigeralenium compound  comprises
;Ir :t\?ﬁétfly]t%lélpiﬁ%ti(n?gE?{l—lbﬁt?/&afﬂga{ngl’ﬂg?¥1J11%c§b|u%/?2{h?1§fnﬁm I’b@t %y combination
hextaéreefoaml sopr opanol at o) al um nate, or silver

t et raki s(perfl uoro-t-but.o al um nat Qr. a .

corbi na on Pt ko oSt SO Rorfi o e o

Caim1l, wherein: a) the at | east one -netal |l ocene

conpri s , Qr _a conbination thereof; b) the at |east

e or gafioal A COMBBLIRA SEBABHPSLE conast prodler off 'at s
t r i @lchyb@mbiilsueng; ahd 2 )40 tdasttoyit adthviion tWhcrein:

triisobutylalum num or any conbi nation thereof; and.

c) the & | edstatdenst ave ¢r4iestallopms GoRpEsey af?%}qua@aavmg the
sol fogn@xi de. 16. A catal yst conposition conprising the
contact product of: 1) at |east one -netallocene; and

2) at |east one activRf8K)CRAEY Blnwheagint he at | east

one - met al | ogeneGAMiSGuA FAMRKRd having the
formula: (XLXX2XX3XX4) wherein Mis titanium '

zi rconi um ofXhanh{Xirpre(indepengaretly xupstipied finerepd e e Aatistituted
a siﬂg)élgj;tut ed fluorenyl or a substituted

Do
3 ) rﬂill

one substituent on (X') and (X?) is a bridging group bonded to both
(X") and (X*) and having the formula CH,CH[(CH,),CH=CH,], or a substituted
analog thereof, wherein n is an integer from 1 to &, inclusive;

(X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SO:R*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X3) and (X4) is a

hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; and



i ndenyl ; one substituent on (X1) and (X2) is a

bri dgi ng group bonded to both (X1) and (X2) and havi ng
wo b@7fictopal a CH2CH[ (CH2) nCH=CH2], or a substi t BEBUS2007/065499

anal og thereof, wherein nis aﬁ integer from1 to 8,

inclusive; (X3) and (X4) are i éependently: 1) F, d,

Br, or I; 2) a hydrocarbyl group having up to 20

carbon atons, H, or BH4; 3) a hydrocarbyl oxi de group,

a hydrocarbyl ami no group, or a trihydrocarbylsilyl

group, any of which having up to 20 carbon atons; or

4)@m2om%%%%m%%@%ﬂmmﬂ@@@%@%mm

2 P B b b CHARMEP Byl AP aBALROMEE Ryt i
RRSTE R

a hydroca
ar Cludbphﬁxidnng ampillﬂla)tchQoqalahJ onnatio gls)pp I-d, cyohc Bbn, aannhhmynon of
squ k%uent n. he bri dglnglgrOUF a@ addition
subZPreletid S5 l‘i e BUSE Y RYRE FP-ubl ﬁmgm%?na ‘5 eh group, a

addpHokphoals oS tant dienic Qﬁuﬁ,hecaﬁrbtbﬁgtiohp{tze@111b<51dgfd))db, d15a boron
inde endent all hat'c an aronmmatic oup,
P ot e ins i | Brtieari Rty S YR PER: afd

gr oups, bn omégereagb@@mwaoﬁlukélwedgﬁ@p@ndeatwrbmogen

group, a phosphorus roup, an arsenic group, a car

group, a silPcon @lr%sgpsatorowaorb%ﬁleaﬁ é%bSOI‘élr%ldﬁftre\?xﬁfl @ﬁth an
havi ng fol@@bilwiiRdrdRing PN RYQ@EEmiRrdlahiififexcBlingeable activator-
hydrogen; and b) the at |east one activator is

sel ect edupnodepietitl epmbpatiandharedt) an acti vat or - support

sel ected froma sg drgan%rgﬁcohfpgﬁ{deog afbrothoBfate compound; or

el ectron-w t hdraw ng ani on, | ayered m neral, an

i on- exchangedbl e ﬁWﬁpmbm@wgdﬁﬁﬁft or any conbi nati on
thereof; ii) an organoboron conpound or an

organoborate conmpound; or iii) any conbination

t her eof .1717. Tﬁheﬂdaﬂa@y&mﬁbowﬁﬁbhnﬂénNMﬁdmlain116

wher ei n: g) a) %hlg tef%as ans %etalfg‘gnéone co ﬁpe% 90%) olyﬁc? %avmg the
conmpound” havi ng ornu

whefognula:ML and M2 are independently Z|rcon|un1or

hafnlun1 X7, X8, X9, and X10 are indep 3 ,

(IA),
combination thereof, wherein

M! and M? are independently zirconium or hafnium;

X', X8, X°, and X' are independently F, Cl, Br, I, H, BH4, methyl,
phenyl, or benzyl; wherein at least one of X' and X® is H, BHy, methyl,
phenyl, or benzyl; and wherein at least one of X’ and X'° is H, BH,4, methyl,
phenyl, or benzyl;

RY, R R RY R’ R® and R are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive; and
b) the at least one activator comprises a solid oxide treated with an

electron-withdrawing anion, wherein



phenyl, or benzyl; wherein at |east one of X7 and X8
is H BH4, nethyl, phenyl, or benzyl; and wherein at

wo emstiioope of X9 and X10 is H, BH4, nethyl, pheelyUS2007/065499
benzyl; Rl, R2, R3, R4, R5, R6,_and R7 are
i ndependently an al kyl group ofan aryl group, any of
whi ch having up to 10 carbon atons, or hydrogen; and
n, in each occurrence, is an integer fromO to 7,
inclusive; and b) the at |east one activator conprises
a solid oxide treated with an el ectron-w t hdraw ng
ani on, wher eihet fo8id spidedis oMicdealimingi kilicagluaingmiloaminophosphate,
sil ca-al um.n l um noph at ' hos te, .
2t R P e B RIS e B IR ORBAIE! rconia,
Zi rogmesy, boegnesioajdeoixed pxiddsniierent] @any nomisdatox itlcbesf; and
thereof, or gny.conbination thereof. and e e
el ectron-wi ¢ MeieE AR et (1ol chibBys. qaomide, iodide
br gstiogiehate] adilale, biphiesghailfate, tfluofdbatae, fhiosdshiffat,etrifluoroacetate,
sul fate, fluoragborate, fluorosulfate,. ) )
t r i FOSRIP I a ERe" ,Sphﬁﬁ’o?b?f&%léc,on?twiﬂ”&%HH%‘ﬁh%‘iOé?“tanate’ substituted
f 1 ugr@gidsERRAtBantIulionBs islibséai@l, orf hnid@isatutddadia@teulfonate, or any
substituted or unsubstituted al kanesul f onat e,
subrMbigtiythsicotinsubst i t ut ed arenesul fonate, or any
conbi nation thereof. 18. The catal yst conposition of
Claim 16, wherein: a) the at |east one -netall ocene
conpri sd$ a &Nl CHBRASHIGN R A faivhercionbi nat i on
t her eof ) wheggif 1My 00,NB WBIobHFCREDASRL Yorflohh@RIHAB the
or hafnium X7, X8, X9, and X10 are independently O,
Br,forretltyy| | or benzyl; Rl, R2, R3, R4, R5, and R6 are

i ndependently t-butyl or hydrogen; RZ=s nmet hyl ,
et hyl, n-prop g butyl, andga ~ 6
occurrence‘?1 | @ < e@%r from 0 PEL usi%e; and

e = 2 ““Xg
_ [STyon +AEX7 vat or conprinseg amz™*
acti vat or-suppo Shaet ed from chlori Qag’ al™u na,
fluorided & J . e,
sul fated al u 7 fjorid ﬁssilica-alﬂnin:, a pilhgreq
clay, or any conbi nation ? é%eof.19. A process for L%
produci rgmainpadnthereefzathesm cat al yst conposi tion
conprising ¢ tha‘rf}? M[.z N c]fe? er‘rfl&enh)? %%cton%pneor_hgﬁﬁu%lrl ocene,
2) optionally, a east dNe ’

X’ X®, X°, and X'? are independently Cl, Br, methyl, or benzyl;

b) the o e 3S

R', R% R, R*, R®, and R® are independently t-butyl or hydrogen;
R’ is H, methyl, ethyl, n-propyl, or n-butyl, and
n, in each occurrence, is an integer from 1 to 5, inclusive; and
b) the at least one activator comprises an activator-support selected from
chlorided alumina, fluorided alumina, fluorided aluminophosphate, sulfated alumina,

fluorided silica-alumina, a pillared clay, or any combination thereof.



or ganoal um num conpound; and 3) at |east one

activator, wherein: a) the at |east one -netall ocene
weewpni®es a conpound having the fornmul a: ( X1LXPCHES2HAN65499

wherein Mis titanium zirconi g%n or hafnium (X1) and

(X2) are independently a substituted fluorenyl or a

substituted i ndenyl; one substituent on (X1) and (X2)

is a bridging group bonded to both (X1) and (X2) and

having the formula CH2CH (CH2) nCH=CH2], or a

substituted anal og thereof, wherein n is an integer

from1 tl8. 8, A m)a;cbogsi Ve, p(o)daqingmj [(0)§41)eriaat®n catalyst composition

L’pgﬁo’% 1%%?I tc'o?[télct&l% 1% G%egsrtbog% az aorhgtal%%_c]’el?%?y% of:n% b,yalé[l least one

hy dcrrmalbylhmlm dmmmml; pnd 3 dydsteonandiyh@miwhoregr oup, or a

trihydro arb | sil ro of which having u

20 car bé gt B Rt ene RSy i g he
an fatdaylh: group or an aryl group, any of which having

up to 12 carbon atons bstituent on the

bri dgi ng group, any a@&ﬁg%gﬁ é<§ﬂb¥???ﬁent on the

substi tuted ﬁlm@m@nmhzuaﬁmnﬁnyhaﬂﬁht|onal substi t uent

on the substituted i,ndenyl is independently

an
al i phatic gr 6%pandeX é?rﬁr’r‘&wep@dﬁ?tb’u%subém%‘% ﬂp%re@ﬂ@ab subgtituted
compidpgti on of aliphatic and cyclic groups, an oxygen
group, a sul fur Ll%roup, a nitrogen group, a phosghor us
group, an ar SEhFBSERHGEN (X cadben) Breobipiging gopp beled to both

gr quPy a4 ﬁz)bﬁ{doﬁhvﬂ{g‘)ﬂﬁe foﬁﬁ}{a @Hz @1{251@14@121 fcﬁ’”@l dusBruted
20 carbon atons; a i de; hydr ogen b)

Lemloé{ﬂﬁrwfg’dwm mmmumﬁéeajrﬁlpaulnf@ %mnbﬁlwges a corrpound
avin e :

havi ng from ?X?ghg&x“gg?{)@gébg% %%}Bly ?;(2) EY qgr kéxyéél yCcl)rr0 carbyl
ar ygrowi teingany t@R0 whiboh atansi, iy o rija; B) taoh}@@caléwbmde group, a
at ot{TEdr cgr% fagl?ﬂo (%éupc fld { {%fﬂedrogqull%/ Q{yll % oup, 1fcﬁ gji;n II:l]g up Pto 20

ne ac
sel cmﬁioedttarmsd mp@) loy SD@R:‘?nwl)ereamRéuﬁ ammm rgrcmp ppan tryl group,

el 852 0nlch QiR 59k 4 QML 8oleahed W th an

any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;

b) the at least one organoaluminum compound comprises a compound
having the formula:
AL )(X30n,

wherein (X°) is a hydrocarbyl having from 1 to 20 carbon atoms; (X°)
is alkoxide or aryloxide, any of which having from 1 to 20 carbon atoms, halide, or
hydride; and n is a number from 1 to 3, inclusive; and

c) the at least one activator is selected independently from:



el ectron-wi t hdrawi ng anion, a |ayered mneral, an
i on- exchangeabl e acti vat orsupport, or any conbinati on

W0 b@raaf093 i i) an organoboron conpound or an  PCT/US2007/065499
or ganobor ate conpound; or iii) zmy conbi nati on
t hereof; wherein the at | east 8he or ganoal um num
conpound i s optional when at |east one of X3 and X4 is
a hydrocarbyl group having up to 20 carbon atons, H,
or BH. 20. The process for producing a polynerization
catal yst conposition according to Caim 19, wherein:
a) the at |east omeactivdtraiuppaesetectdfpm s edidaoxalripetgddvith an
havi ng t or s [natiQ of ,. wherein .
ond 1o srerp R IRyEAToh LON RGP Uik IR  ggvaror
X9, and s¥ifrtasreany nolepemdanbdryoff, C, Br, |, H BH4,
nmet hyl, phenyl, or benzyl: Rl , R3, R4 5, R6, and
R0 are i hdepbhaent ERARE GGGl SEireiitour Fognsnf
any of whi chiihavi &g cupbibatioh@eedf;bon at ons, or
hydrogen; and_n, |n each occurrence, i S an integer
from0 B ARG l58itaS Olppnqaffimim camagung joptional when at least
Or gaRQAIKE BT @ BHMOLUIBY 1 GRIVB b SRS up fol JWRhMvh alowiy] MUNBH,,.
triethylalum num tripropylalumnum tributylal um num
triisobutylalum num trihexylal um num
t 1 i 305 Oheppy o bl ISR dufcid QLAY rRdri i shuRtal it &3chpokabA BROHIMg to
et hoxi de, diisobutyl al um num hydri de, diethyl al um num
chl Qi &), Wherehy conbi nation thereof: and c) the at

| east o ¢ ac tHeVARUOKt SRRk SRR cSR! cjo\%ﬁﬁ%gs dﬁc&nﬁ&ﬁﬁ(? g'éving the

wWith an el ectron-w t hdraw ng ani on, erei nthe soli
oxifgemylg silica, alumina, silica-alumna,

al um nophosphat e, al um num phosphat e al um nat e,

het er opol yt.un titania, zi I a,

bori a, zi n%1 o) a@ A XBY oxi des/er 20 a%s/

conbi nat+0r ey ec}fM;1,,.“ax7d the el"ectiron- i t hvdrad ng

anion is fluoride,/ chixbri de, brom de, i»g dex°

phosphat e, R} @/ brsul fate, sulfat @@» obor at e,
fluorosul fate or oac(ﬁ&)ate, R? (A), or a

combination thereof, wherein

M' and M are independently zirconium or hafnium;

X', X% X°, and X" are independently F, Cl, Br, I, H, BH4, methyl,
phenyl, or benzyl;

RY, R R RY R’ R® and R are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive;

b) the at least one organoaluminum compound comprises
trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,
triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,
diethylaluminum ethoxide, diisobutylaluminum hydride, diethylaluminum chloride, or
any combination thereof; and

c) the at least one activator comprises a solid oxide treated with an

electron-withdrawing anion, wherein



phosphat e, fl uorophosphate, fluorozirconate,

fluorosilicate, fluorotitanate, substituted or
wap®ahsiods ut ed al kanesul fonate, substituted orPCT/US2007/065499

unsubstituted arenesul fonate, g% any conbi nati on

thereof. 21. A process for prodticing a polynerization

catal yst conposition conprising contacting: 1) at

| east one -netall ocene; and 2) at |east one activator,

wherein: a) the at | east one -netall ocene conprises a

conpound having the fornul a: (X1XX2XX3XX4) wherein M

is titani um thei yobdroixude is orlichadlninumy si{ipdtdlummd, ¢MIinophesphate,

| ndGREAMSN RS UDSA t HbEHL! UREEIYhy Qe ik DAL U o,

|ndﬁny , one dubst i tuent on Cx1)"a % 'S a

br i dgnaga,drooy pinserdiednixed bxdtds thekddf, @ndy ¢ot@hinaiod theaof:ragd

the fornmul a CH2) nCH=CH2 or, a.substi.tuted ., . ..
et oo {her et Rkbiarh g felon, § g BRI ‘Fgnige. iodice
I nphosphde; tfifXady, Bidalfdtodgulfatee fluoedpardeniokosulfdy, frifluGtoacetate,
Br, or |; a _hydr ocarbyl. group, having up tao. 20 )

o e Ahorop ot g A s B Mot B Sisitcs puptituted
a hytdmegRfitayed M aR s ugrb i sultitded &ri iy assat@idtybiebiohate, or any
group, .any of which having up to 20 carbon atons; or

4) CBREEIOBheISEERA wherein RA is an alkyl group or an
aryl group, any of which having up to 12 carbon at ons;
wherein at | east one (X3) and (X4) is a hydrocar byl o
gr otlp hdviPrR§esipfot grodiacipgpRslyBrtsABon Fatalyyt cpmRosititideamyising
SUbRhiab &R ) AN edsPEn i A RY 0 EhOURd 2PN ealOhe bl @R, wherein:

substituent on the substituted fluorenyl, and any '

addi tional sthissatileagepre @nemmiallogtetdomptiend 4 erdeneynd having the
inqﬁgﬁﬂgently an aliphatic group, an aromatic group, a
cyclic group, a conbination of aliphatic and cyclic
groups, an oxygen gr o(p)XaCs0u(¥'iM. wheseip, a ni trogen

group, a phoi}f’ﬂ%a‘ﬁ%ngrz%cﬁﬁun?’hé%f%ﬁﬂl-C group, a carbon
group, or a

group, a silicon oron group, any of which
havi ng from X' en®X’s archodepatdonty; a subktithted @poronyl or a substituted
hydr ogen; andb) the at | east one activator is selected
ind@%%%gently from i) an activator-support sel ected
froma sol i dosxiubetithéeahadt' Warkdn(Xanis a bridging group bonded to both

(X" and (X?) and having the formula CH,CH[(CH,),CH=CH,], or a substituted
analog thereof, wherein n is an integer from 1 to &, inclusive;

(X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SOsR*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; wherein at least one (X°) and (X*) is a
hydrocarbyl group having up to 20 carbon atoms, H, or BHy4; and

any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron

group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen; and



el ectron-wi t hdrawi ng anion, a |ayered mneral, an
i on- exchangeabl e acti vat orsupport, or any conbinati on
W0 b@raaf093 i i) an organoboron conpound or an  PCT/US2007/065499
or ganobor ate compound; or iii ny conbi nation
thereof. 22. The process for pﬁgducing a
pol yneri zati on catal yst conposition according to C aim
21, wherein: a) the at |east one -netall ocene
conpri ses a conpound having the formul a: conbination
t hereof, wherein ML and M2 are independently zirconium
or haf nibum Mg, at X8t oQactizatdr iXi@cckadandapdmisatdtom] y F,

a, Br, I, H, BH4 t VA rein.

at | east oneDof xﬁl%ﬁ&ﬁéngﬁﬂfgxﬁﬁd?&ﬁgf%@%}“ﬁ@gﬁ§ 9“Mhan
or benzylectranditidrewmgnn@ah, d bastd mimerabfanXéh-ewvtlangtible sctivator-
H BH4, ”EtEYH: ﬁhengl . Or benzyl; RlL, R2, R3, R4, R5,

R6, andsﬁﬁx’r%zw'a%% %%%%h??ﬁjh al kyl group or an aryl
group, any ofi) whi atorf@aviboich dopnpbindld aic aciioboratk osmEpouad; or
hydrogen; and.n, in eagh pccurrence, is an integer

from0 to 7, Wncl Yeicgmongoq hyeofhe at | east one

activator conprises a solid oxide treated with an

el ectron-w t hdrawi ng_ani on, wherein the solid oxide is

si 13%ca, TP BHCRY, OTPICHSA RARIRRIIZAUAN GRS hRIIoRiLpR according to
al uniiwm RIegRPat e, zinc alum nate,

het er opol ytungstates, titania, zirconia, naghesia )
boria, #nc 8%iddeasipicedserapdlocenleomprises gy comppund having the
coniipaki on thereof; and the el ectron-w thdraw ng

anion 1s fluoride, chloride, bromde, iodide,

phosphat e, bi sul fat e, sulfiii or obor at e,
f1 uor osul fust :hmacetate,ﬂﬁbSm-fié, R®
fl uor ophgs uorgzi r conat== 0 oé\liggﬁe,

g

fluorotitan

uted or unsubstisu
al kanesul f [

L futed or unsubstd%
arenesul fo by Rconbi nation thepsd{_/23. A
met hod of pol hg ol dArhs, conprRsing: contdBAdlhgor a

et hyl n%ofﬁﬂfﬁatﬂ&%&fﬁ’&ﬁémiﬂ' ol efin conononer with a

e
cat al yst
M! and M? are independently zirconium or hafnium;

X', X% X°, and X" are independently F, Cl, Br, I, H, BH4, methyl,
phenyl, or benzyl; wherein at least one of X" and X® is H, BH,, methyl,
phenyl, or benzyl; and wherein at least one of X’ and X'° is H, BH,4, methyl,
phenyl, or benzyl;

R', R% R, R* R’, R, and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive; and
b) the at least one activator comprises a solid oxide treated with an

electron-withdrawing anion, wherein

the solid oxide is silica, alumina, silica-alumina, aluminophosphate,

aluminum phosphate, =zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,

phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,



conposi tion under polynerization conditions to forma

pol ynmer or copol ynmer; wherein the catal yst conposition
weowpni®es the contact product of: 1) at | eastPONES2007/065499

-netal |l ocene; 2) optionally, a OIeast one

or ganoal um num conpound; and 3% at | east one

activator, wherein: a) the at |east one -netall ocene

conprises a conpound having the formul a: (X1XX2XX3XX4)

wherein Mis titanium zirconium or hafnium (X1) and

(X2) are independently a substituted fluorenyl or a

s ubgkthatee Guérpelengtiate, dnerositdosate.t hondsiloate ( idrotamubte; X@ptituted

- PG, SERURBEALES B OSSR R AR, o any

Subsiibinatiedthareaf. og t hereof, wherein n is an integer
froml to 8, inclusive; (X3) and (X4) are

i ndependently: 1) F, d, Br, or |I; 2) a hydrocarbyl

gr oap havmegodigl poynfAzieaslbn, @hprsing:H, or BH4;, 3) a

hydr ocar byl oxi de group, a hydrocarbyl am no group, or a
tri hydr SEHPYE SIGAC gul CBRGNabIO-RITE IFORAYTRY BN 1o catalyst
20 SRIpBARAHRIEBpolRherfhhti SARIRA o to RS ol YR T0B EdbolndrS

an al kyl group or” an aryl group, any of Wwhich haV|n%
up to 12vherimta catpbyftscomppdtianrspmpritss therqgatact pduchel: 1) at least

bri dgi I 74 j . .
QI Ae,- EﬁH{bﬁgge@% ;?t?(?yéafrllﬂa%@ ?elast%ﬂp%ﬁgaﬁéﬁgpﬁm% cBB?ound and 3)

substituted f any addi t on substi t uent

on ateestsubgetiveler.ediciardenyl is independently an
al i phat la§ Qr ﬁ%pat 133 LIRE! teglrogé‘ﬁg’coﬁl ﬁé’e%lal SonoBHP haxﬁng the
0 h d i cogr oxygen

conbi natf on al rphatic and cyc oups, a
gr diepnula sul fur group, a nitrogen group, a phosphorus

group, an arsenic gro§€¥X§ﬁ§%g$ﬁ@hgﬁ%gﬁéva silicon

group, or a boron gro I'C ing from1l to
20 carbon at ofb titaiunglzirdejunaror hyfilivagen; b) the at

22, on O 8058 K DU EIBEURS, SR 953,2, 5OM R
havintgyf,;rom 1 to 20 carbon atoms; (X6) is al koxide or
Ztr )c;:’rg?(l ﬂgi i 3gf,\1/e g{bst%én% I']onlr](fa(\{)I 'g]n% Jsz)og] albrtlc?ginzgogr%%g Egrll’]ded to both
(X") and (X*) and having the formula CH,CH[(CH,),CH=CH,], or a substituted
analog thereof, wherein n is an integer from 1 to &, inclusive;
(X*) and (X*) are independently: 1) F, Cl, Br, or I; 2) a hydrocarbyl
group having up to 20 carbon atoms, H, or BHy; 3) a hydrocarbyloxide group, a
hydrocarbylamino group, or a trihydrocarbylsilyl group, any of which having up to 20
carbon atoms; or 4) OBR*, or SOsR*, wherein R* is an alkyl group or an aryl group,
any of which having up to 12 carbon atoms; and
any substituent on the bridging group, any additional substituent on the
substituted fluorenyl, and any additional substituent on the substituted indenyl is
independently an aliphatic group, an aromatic group, a cyclic group, a combination of
aliphatic and cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, or a boron
group, any of which having from 1 to 20 carbon atoms; a halide; or hydrogen;
b) the at least one organoaluminum compound comprises a compound

having the formula:



hydride; and n is a nunber from1 to 3, inclusive; and
c) the at | east one activator is selected

w0 pepegent |y from i) an activator-support SECEUS®A7/065499
froma solid oxide treated mﬁtp an
el ectron-w t hdrawi ng anion, a 5yered m neral , an
i on- exchangeabl e acti vat orsupport, or any conbination
thereof; ii) an organoboron conpound or an
or ganoborate conpound; or iii) any conbination
t hereof; wherein the at |east one organoal um num
conpound i s optional whenAdX').E83t. one of X3 and X4 is
a hydrocar by| shavi.n t.q..2 r -
or B - 2a. ” HERRT DS P sk Rub e Ao By 2 8o dibas: o
ac cie mtkioxige o ai@aid®) &3, ofiwheclehavingafyorh Heo 20 chebas titoorsehalide, or

- et all - ' d_haying the f | a:
conBORAT BT (M BRET TR P S a e are

i ndependgnt | thezit fea® DhalatiO4toi@ s Electdd independéBtly HOm: and

X10 are independently F, d, Br, |, H BH4, nethyl, .
phenyl, or bé&nzyl?3® ?ﬁgl,vat?@,up?%? sefggted drom Pg’!ﬁldd)ﬁfbdte%aﬁfi &ith an
I ndepengepirbywaidrak iy lani@h QURy@Ed Aeddl Yan iGH-StRang@ibe &tivator-
whi ch having up to 10 carbon atons, or hydrogen; and

n, in eéﬁl?Pobtc%rLﬁnVé%@Patioél thgieqint eger fr om0 to 7,

i ncl usive; b}t heyadrgdn6@stén &%oﬁd%ﬁ@&%ﬁféb&ﬁt@b&%@ﬁ&%@
conprises trinmethylalum num triethylalum num

tri propyl al utd nungryrcpmbigetipn dtetgef:num

tr ' ' SOb%H&e‘?A %@?aﬂ}éﬂét ohé b&%ﬁéﬁhﬁkl% r&hlil[bou_nd is optional when at least
triisohexylal um num trioctylal um num diethyl al um num

et howiofl&; arl X'siob by ¢roedrbtigrumbiayidg i, 20ciadohoalsul v ..
chl oride, or any conbination thereof; and c) the at

| east one activator conprises a solid oxide treated

wi tH an Ték ecthod of pelythetizangioteginaarcading whelpiei 23, whereisol i d

oxl d.e : Sa%SI | et lgalsi‘]gﬁenc?ﬂsa—% lta{ll%g_n%lc%mpﬂé%s a cqmpound Paving the
al um nophosphate, “al um num pehosp ate, Pzinc alumnate,
hetfermrmgal yt ungstates, titania, zirconia, nagnesia,

boria, zinc oxide, mxed oxides theregf any

conbi nation t and O
n

RZ
\ 2.||II\X9

&
3
) QQ ¥ (1A), R Q (ITA), or a

combination thereof, wherein

M! and M? are independently zirconium or hafnium;

X', X8, X°, and X' are independently F, Cl, Br, I, H, BH4, methyl,
phenyl, or benzyl;

RY, R R RY R’ R® and R are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and

n, in each occurrence, is an integer from 0 to 7, inclusive;
b) the at least one organoaluminum compound comprises

trimethylaluminum,  triethylaluminum, tripropylaluminum, tributylaluminum,

triisobutylaluminum, trihexylaluminum, triisohexylaluminum, trioctylaluminum,



the el ectron-withdrawing anion is fluoride, chloride,
brom de, iodide, phosphate, triflate, bisulfate,
w@iof7at®93 f | uor oborate, fluor osul fate, PCT/US2007/065499
trifluoroacetate, phosphate, yorophosphate,
fl uorozirconate, fluor03|llcat8 fluorotitanate,
substituted or unsubstituted al kanesul f onat e,
substituted or unsubstituted arenesul fonate, or any
conbi nation thereof. 25. A polyner produced by the
method of Claim23. 26. An article conprising a
poI diethylalpmoducehoxide, tirebwrelaodnoh h@lraliendi@Bylal@minu chloride, or
Qvgoggmggﬂnﬁg&Mz&ﬁg ol efins, conprising: contacting
AR opti'onal a-ol efin compnomer with a
cat aI ystc) com:hasatt llemn anpchetivp@l yumgriszsatisohd eaildi tréagdswith an
to forma 9 or cppoalynmer; wherein the catal yst
coﬁﬂ%@DP ‘ﬁ %%W%??%%%Wﬁ%gncontact product of: 1) at
| east one - meicadolidcsite; is ailita 2)ludinal aasd—alomﬁlaaﬁlﬁmmai)MSphate
wherein: a) .the at |east one -netallocene conprises
con%kb‘ﬁ‘r’?&m &?ng‘atﬁhezl?cor P gate g(ﬁ B@%&B&f ASih el @i ereoma
I S thadn@ih, bdtia, Zinc @R e Uiixc®bxiba tRdreuT] or(aXﬂ}o@mﬂat{ox&)er@f&nd
independentl¥ a substituted fluorenyl or a substituted
i ndenyl ; onethSurietrp-wdthtraymng daon iy dpoyides rhiogdg bromide, iodide,

br I&ﬂbmte rQfRe, DRAGL, t QiRRL HubrShbrad) ddorwhi A0 dirTRYIJAGk tate,
the formula CHZCH (CH2) nCH=CH2], or a substit uted

anathogphetse fugspphogplieice fHorzireonadn fupresyisptes Heprptitanags, gubstituted
' nC(Lr%%Mfm(l%%)aH@aﬁgsu(fme AR ihdenendentilued al‘%negulfo%te or any

Br, . 2) a hydrocarbyl group having up t
car@@rﬁ)l@tl@m’élere# or BH4; 3) a hydrocar byl oxi de group,
a hydrocarbyl ami no group, or a trihydrocarbyl silyl
group, any of which having up to 20 carbon atons; or
4) TBRA 2pdymSOsidiced b dreanathorRAf China?3.al kyl group or an
aryl group, any of which having up to 12 carbon at ons;
wherein at | east one (X3) and (X4) is a hydrocar byl
gr aifp han anfrlagontpasi@da pelybopranadby thd marodBAGlainadtl any
substituent on the bridging group, any additional
substituent on the

27. A method of polymerizing olefins, comprising:

contacting ethylene and an optional «-olefin comonomer with a catalyst
composition under polymerization conditions to form a polymer or copolymer;
wherein the catalyst composition comprises the contact product of: 1) at least
one ansa-metallocene; and 2) at least one activator, wherein:
a) the at least one ansa-metallocene comprises a compound having the
formula:
XHXAHXHXHM, wherein
M is titanium, zirconium, or hafnium;
(X") and (X?) are independently a substituted fluorenyl or a substituted
indenyl;
one substituent on (X') and (X?) is a bridging group bonded to both
(X" and (X?) and having the formula CH,CH[(CH,),CH=CH,], or a substituted

analog thereof, wherein n is an integer from 1 to &, inclusive;



substituted fluorenyl, and any additional substituent

on the substituted indenyl is independently an
w@biophstodx group, an aromatic group, a cyclic BPCDUR200E065499

conbi nation of aliphatic and c glic groups, an oxygen

group, a sulfur group, a nitroé n group, a phosphorus

group, an arsenic group, a carbon group, a silicon

group, or a boron group, any of which having from1 to

20 carbon atons; a halide; or hydrogen; and b) the at

| east one actlvator |s sel ected i ndependently from i)

an activat or 0pporX") el wd¢redddntlgmiaFs6l.iBt, oxi; @ga hydrocarbyl

tre t hdr awing r

i ity 31 Y o 20 SRR dich, PECFHEY o7 & ool Y Rowp. «

codbhn&mMthmheyeqﬁpraumwancmmgﬂhmgmumnmyoﬁwbmmﬁammgupno20

or gan( oborate C Aii) an conbl tion
Choraan A gy? orPDRrits 06k oy AL K S Hg kRgr an et erou,
ac camydjfmsgndhohaanglumtaﬂz cm;eﬁ aiolfhs az)lert:llﬁelt adastl ce1a$1x3)oame (XY is a

- met IIo e conprise ound fornmul a:
corh¥ FP:&?‘i rPlfPelfrggB‘ﬁ,“P\%Z‘? W@&O%g{a WQ&E‘P (?

i ndependent | ynyZdubSRidnt 6d Dk bh@élﬂg glll'dShp )ﬁﬁy ad(ﬁt10n>$95ub&ﬁdent on the
X10 are independently F, BH4, net

phevttituted thyasnyl; an%@f éf‘ﬁ‘i“%ﬁal |Slé‘%§§ﬁuelbtn%n i W“&Wad sgdenyl is
IS ifklepBiitbntlyRE & elrnkaﬁ@abh, LB IRk oRbi f
I ealsteponentofgﬂm}ﬂg?}d §81(Y)d s H H% I?rea?dr%s ld/@%hlgra}:yo matlon °
ben"%‘}"hatlcl@{ld qyghc RPUPRAN qqggengrou@n@ sybfur greup, a nifrogen group,
ndgpeHdaRt érbfu;ﬁ'&naelré%ﬁl QfBﬁlypa b R0Y,! 2 GHiiPMP groﬂﬂyopé boron

mhlch having up t carbon atons, or hydrogen;

n, grﬁumamhofcydudrhaém@érom Etoglf qamoe@@me ¢ nde Otrdzwrogen and

i ncl usi ye: apd )b 4B AlivkGAS ARG ARLLRR nGRTPT I Ses

a solid Oxide treated with an e ectro draw ng

ani on, wherein t ha solitor-wrpaesdetediftancasolal axmderigeated with an
silica- u h S

Zinc al %&ﬁ%{r}]&{] with% WEQRBFSI e%&f 1’n%n%hllll r%nﬁ?ﬂ;&ﬂgng@%% Setivator-
2|rconlamnmagmﬂmyamnMQMKmihawﬁb oxi de, m xed oxi des
thereof, or a

el et ron-wi t RUT s HEERRMET Sogror FrdBnshyg ceoud: o

brom de, i odiifje, any combination thereof.

28. The method of polymerizing olefins according to Claim 27, wherein:
a) the at least one ansa-metallocene comprises a compound having the
formula:

(TA-1), (ITA-1), or a
combination thereof, wherein

M' and M are independently zirconium or hafnium;

X', X8, X°, and X' are independently F, Cl, Br, I, H, BH4, methyl,

phenyl, or benzyl; wherein at least one of X' and X® is H, BHy, methyl,



phosphate, triflate, bisulfate, sulfate, fluoroborate,
fluorosul fate, trifluoroacetate, phosphate,

wo bwonopbdsphat e, fluorozirconate, fluorosili cECEUS2007/065499

fluorotitanate, substituted or hmsubst ituted
al kanesul fonate, substituted oP*unsubsti t ut ed
arenesul fonate, or any conbination thereof. 29. A
pol ymer produced by the nethod of Claim27. 30. An
article conprising a polyner produced by the nethod of
d ai m 27.
phenyl, or benzyl; and wherein at least one of X’ and X'° is H, BH,4, methyl,

phenyl, or benzyl;
R', R% R, R* R’, R, and R’ are independently an alkyl group or an
aryl group, any of which having up to 10 carbon atoms, or hydrogen; and
n, in each occurrence, is an integer from 0 to 7, inclusive; and
b) the at least one activator comprises a solid oxide treated with an
electron-withdrawing anion, wherein
the solid oxide is silica, alumina, silica-alumina, aluminophosphate,
aluminum phosphate, zinc aluminate, heteropolytungstates, titania, zirconia,
magnesia, boria, zinc oxide, mixed oxides thereof, or any combination thereof; and
the electron-withdrawing anion is fluoride, chloride, bromide, iodide,
phosphate, triflate, bisulfate, sulfate, fluoroborate, fluorosulfate, trifluoroacetate,
phosphate, fluorophosphate, fluorozirconate, fluorosilicate, fluorotitanate, substituted
or unsubstituted alkanesulfonate, substituted or unsubstituted arenesulfonate, or any

combination thereof.
29. A polymer produced by the method of Claim 27.

30. An article comprising a polymer produced by the method of Claim 27.



