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Hence, it would be beneficial to produce polyolefins using a metallocene-based
catalyst system, where high molecular weight or low melt index polymers can be produced,
20  and at commercially viable production rates. Accordingly, it is to these ends that the present

invention is directed.

SUMMARY OF THE INVENTION

The present invention discloses polymerization processes which employ dual catalyst
25 systems for the production of polymers with higher molecular weights, with lower melt
indices, and at increased production rates. These polymerization processes can comprise:
contacting a catalyst composition with an olefin monomer and optionally an olefin
comonomer under polymerization conditions to produce an olefin polymer,
wherein the catalyst composition comprises catalyst component I, catalyst component
30 II, and an activator.
In one aspect, an amount of the olefin polymer produced per hour by the process is at
least 10% greater than an amount of an olefin polymer obtained per hour under the same

polymerization conditions without catalyst component II.
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group, aahydt@ogobsitdli no group, or a hydrocar byI silyl group, any of which
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R7A and RSA ar e |nd f? y H or a hydrocarbyl group having up to 18

car bon AGE™ mat‘o“t Hﬁi“ﬁ “group having the formula
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or a hydrocarbyl group ha carbon atons, or a bridging group

having the fornula _si RPORY , R®erein R7D, R8D, R7E, and RSE are

i ndependently H or a hydrocar by rga@ having up to 10 carbon atons; 25R9

and Rl are independently H orE hyd arbyl group having up to 18 carbon

at ons; / NG
formula (C) is ; wherein:
M3 is Zr or Hf;
10 X* and X° are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHs; OBR; or

SO3;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;
E? is a bridging group selected from:
15 a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
a bridging group having the formula >E*AR7AR3A, wherein E** is C or Si, and
R’ and R® are independently H or a hydrocarbyl group having up to
18 carbon atoms,
a bridging group having the formula —CR™®R¥®_—_CR'“R¥—, wherein R'®,
20 R®, R7C, and R are independently H or a hydrocarbyl group having
up to 10 carbon atoms, or
a bridging group having the formula —SiR™PR®®—_GiR™R*E—, wherein R,
R®, R, and R®E are independently H or a hydrocarbyl group having
up to 10 carbon atoms;
25 R’ and R'? are independently H or a hydrocarbyl group having up to 18 carbon atoms;
and
Cp' is a cyclopentadienyl or indenyl group, any substituent on Cp'is Hor a
hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms; and



and

at ons;

Cpl is a cycl opentadi enyl or indenyl group, any substituent on Cpl
Is Hor a hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon
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H, BH4;, OBR2 or SABR, wherein Ris an alkyl or aryl group having up

to 18 carbon atons; or a 5 hyeNocar pyQxi de group, a hydrocarbyl am no
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or a hydrocarbyl sil
atoms; E4 is a bridgi ngpe
bridgi ng group having up to
f or mul a>E4ARI 2AR13A, wherein
i ndependently H or a hydrocar by
bri dgi ng group having h@g f

and R13c are independe

or 15si RI12ER , 12D
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&)X Si, 10and R12A and R13A are
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formula (D) is
M* is Zr or Hf;
X% and X are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH,; OBR, or

; wherein:

SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

E* is a bridging group selected from:

a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

a bridging group having the formula >SE*R'?ARA, wherein E** is C or Si,
and R'** and R"* are independently H or a hydrocarbyl group having
up to 18 carbon atoms,

a bridging group having the formula —CR'PR*P_CRR"*C—, wherein
R'28 R"*B R!*C, and R"C are independently H or a hydrocarbyl group
having up to 10 carbon atoms, or

a bridging group having the formula —SiR'?PR*P—giR'**R"E—, wherein
R'?®, RPP R' and R"F are independently H or a hydrocarbyl group
having up to 10 carbon atoms; and

R™ R' R'S, and R are independently H or a hydrocarbyl group having up to 18
carbon atoms. '
Additionally, the catalyst composition comprises catalyst component II, which can

comprise one or more of the following compounds:
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5 of which having up to 18 carbon
gkbon~at oms, a bridging group having the
Owk7havi ng up to 18 carbon atons, a

RYyl group having up to 10 carbon



_a bridging group having the fornula -SiR Rwherein Rut), R 3D, R 2E, and
R13E are i ndependently H or a hydrocarbyl group having up to 10 carbon

at ons; amiORLM/00RME, R16, carbon atons. 20Additional | y, PChaSec@vmbisst
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; a compound having the formula

Cp3 (E); or any combination thereof, wherein:
M? is Zr or Hf;

5 X® and X° are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHs; OBR; or
SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

Cp” and Cp® are independently a cyclopentadienyl or indenyl, any substituent on Cp*
10 and Cp’ is independently H or a hydrocarbyl group having up to 18 carbon atoms; and
E’ is a bridging group having the formula —(CH,),—, wherein n is an integer from 2
to 8, inclusive.
Polymers produced from the polymerization of olefins using these catalyst systems,
resulting in homopolymers, copolymers, and the like, can be used to produce various articles

15  of manufacture.

BRIEF DESCRIPTION OF THE FIGURE
FIG. 1 presents the structures and abbreviations for certain metallocene compounds
discussed herein.

20



Cl ; of? cp2 / E5nb-"8 /X Cp3 (E); or any conbination thereof, wherein
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phenyl ; HyOBbijo0@BR2 or SOBR, wherein R is an al kyl or a&cylusgeioepishavi ng up
to 18 carbon atons; or a hydrocarbyl oxi de group, a hydrocarbyl am no group,
or a hydrocarbylsilyl group, any of which having up to 18 carbon atons;

Cp2 and Cp3 are independently a CyEkRRERS J@glenyl or indenyl, any
substituent on Cp2 10 and Cp3 is |ndepen ently Hor a hydrocarbyl group
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ructures and abbreviations for certain netall ocene
conpounds di Shesel “pelymier?. is used herein generically to include olefin homopolymers,

copolymers, terpolymers, and so forth. A copolymer is derived from an olefin monomer and
one olefin comonomer, while a terpolymer is derived from an olefin monomer and two olefin
comonomers. Accordingly, “polymer” encompasses copolymers, terpolymers, etc., derived

10  from any olefin monomer and comonomer(s) disclosed herein. Similarly, an ethylene
polymer would include ethylene homopolymers, ethylene copolymers, ethylene terpolymers,
and the like. As an example, an olefin copolymer, such as an ethylene copolymer, can be
derived from ethylene and a comonomer, such as 1-butene, 1-hexene, or 1-octene. If the
monomer and comonomer were ethylene and 1-hexene, respectively, the resulting polymer

15  would be categorized an as ethylene/1-hexene copolymer.

In like manner, the scope of the term “polymerization” includes homopolymerization,
copolymerization, terpolymerization, etc. Therefore, a copolymerization process would
involve contacting one olefin monomer (e.g., ethylene) and one olefin comonomer (e.g., 1-
hexene) to produce a copolymer.

20 Hydrogen in this disclosure can refer to either hydrogen (H;) which is used in a
polymerization process, or a hydrogen atom (H), which can be present on the metallocene
compounds disclosed herein. When used to denote a hydrogen atom, hydrogen will be
displayed as “H,” whereas if the intent is to disclose the use of hydrogen in a polymerization
process, it will simply be referred to as “hydrogen.”

25 The term “co-catalyst” is used generally herein to refer to organoaluminum
compounds that can constitute one component of a catalyst composition. Additionally, “co-
catalyst” can refer to other components of a catalyst composition including, but not limited
to, aluminoxanes, organoboron or organoborate compounds, and ionizing ionic compounds,
as disclosed herein, when used in addition to an activator-support. The term “co-catalyst” is

30 used regardless of the actual function of the compound or any chemical mechanism by which
the compound may operate. In one aspect of this invention, the term “co-catalyst” is used to

distinguish that component of the catalyst composition from the metallocene compound(s).
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30 The term “metallocene,” as used herein, describes a compound comprising at least
one 1’ to n°-cycloalkadienyl-type moiety, wherein n* to n°-cycloalkadienyl moieties include
cyclopentadienyl ligands, indenyl ligands, fluorenyl ligands, and the like, including partially

saturated or substituted derivatives or analogs of any of these. Possible substituents on these
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conposi t jeRRERS TolpBhd €61 Br nterthil V@) GMifin aidAbmBBY &’ hdnEmers), Caidponent s
can be done by any suitable nmethod. Further, the term"contact, product"”

i ncl udesongppaalwmEaim gosmgund dey Gempepnds)s bgforg dhis 'F‘E‘é‘tr?i‘éncoﬁ%ﬁddeg},‘ And the
| i ke, or conbinations thereof. Although "contact product” can include
reaction products, it is not required for the respective 25 conponents to
react with one another. Simlarly, the term"contacting” is used herein to
refer to materials which may be bl ended, m xed, slurried, dissolved,
reacted, treated, or otherw se contacted in sone other manner. The term
"precontacted" mxture is used herein to describe a first m xture of

cat al yst




conponents that are contacted for a first period of tine prior to the first
m xture being used to 30 forma "postcontacted" or second m xture of

cat al yst worgporeet9s t hat are contacted for a second per iPou/UsSRoi0NES42
Typically, the precontacted m xture dgscribes a m xture of netall ocene
conpound (one or nore than one), olefin nmononer (or nononers), and

or ganoal g ayr £ QImHALSh andafhuin bothoudaX THLE pretor@BtACt ed
with an 39%%%%3@%8%@%8%010/ 001%%12 8 acti vat ?)? - $upportp|(rs)o_ and

opt i onaldeswmities compdnentsgthab ateunsedutn canigsdgach ofisnsbutppriarolet eentactingdBer i bes
conmponents that are, us o] t he ri h0erti8Rt AGY 1 Ng the
corrponencto WPPRFIE, & glé% osﬁgo,n%bd%? tg%rﬁ%%% gﬁg%f)ekt u}é‘cegop%{]:%]g’r I %gl%lye,n?l'? ﬁi sg}t’

i nvent i arcavivpalbcdissngnishlbetwedh atdomponsi uidttopespam tho prsosrdanted mixdure @ngr epar e
the precpontacted m xture and 5 that conponent after 1 XL e been
prepar e ].?atF?i’impé’Q %%,r tﬁ% é‘&‘?‘&’.’%g‘a tc?e?’h ipsepargg'cr ?%'{ ?éarﬁ Inig’t ngcé"tdg‘{c% é‘?b & for

t he pr ecdesdripibgdit Ok gpussibleu far Nthen recynaited , orgamweluntinirg  coompoand, echeed it hist he

nmet al | ocene ¢ nd(s)..and the ol efin n r., to have reacted to form at
Tonot | oronaried BRBA eRMHESs OBl D e bnetop Rt T REUES 1 Brbm 1 he
di sti nctatoeganme! dfeRHTCEQNRSIUBShpERd, famulBpar or tstectpreefromt dret @dtimit Xt ur e.
In this case, the 10 precaontacted organoal um num.co oun\c,i'!aotlh. conpo ent is
descri béﬂg‘%i@alé@h‘ﬂﬂ §PHpeud W@éﬂd’éﬁ_’ﬂﬁfﬁ rRTEHHFSEA e Wds s ®g™ Beprepare
the fy econloafab@ed dfradofufinum compdthd iof NRkp¥nent e dRk@fRAt ACtEHpriEing wae can
describe a m xture of netal | ocene corrpounorl) s) and organoal um num
conpoundrggnoalgminyim eampaypd tat WAGUse FPTARaK: the BTSRPRIAFIEhMECH Py at or - support (s).
Thi's precont qqdﬁ?mml%t e CpRbcifacklN nfifafe’ LAL dRsdibd t 4! BixRire BT Altaf6RRE 15
conmpound(s), olefin rmnorr%r(_s), and activator-support(s), before this

m xt ur e Gompowrd(sicanddorginopluminin sampaindts) nprAaT e -ceataglings thic BIFBIgNWity A
COMPOUNdg iy vor- supibrll). i h AELcEBe aThihie Bf hivtaS&sle ner ei n
to descrelISC &g ssugg%l{n&d)' mﬁ?&ég@?&%ﬁé’f%?ﬁs@%oné’nt%ap at are cont acted for
a setondeouepoinnd]s)p dlefin menoaedslpaed ecthatorsupport(shf befigre dhis insix tukeis"qontagight act ed”
or first_ mxture of catalys nen th e 20 contacted for a first
peri od o‘fvmf ?Ih%r.ga“ﬁ?tﬁmé% IP37%{'0%tﬁlgg)t?’]egr%l%gu&p)dzosrtchgh?dg@%'ed" m xture is used herein
t o descri be tdimiladlytthe aeraf “patovhtaoredhenigwre sunstd shereinl tefdescribend vegofs) |

or ganoal um num_conpound(s), and activator:support(s) f.o . fraom,cont acti ng
e br cBIIE (L Gaiat fraosiend e GAABYE Roh S ERERT S drth Ahre

addi t i onggnsix0EHR @R Mich iadRerdcontatikd” tifirkhRixnas b oathlgstcethpohetitsither wékt en,

the activator-support conprises a ch,eg'l)ycallﬂl %/ 25 treated, solid oxi dg. For

i nst #hcecontaqied ot tirdnRariod sfgiient YBIGHE Rtk @Rl i JERBEHEHEFEd

m xture ga8nbe ag:bgsd aad | iitthRatedd n@llosneX b@lxﬁpma\%prowmf embivfer@pe) , and
optionally, can include an organoal um num conpound ich is the sane as or
di f f er enerafraghiminim opgaRRYAHGH Al HNPEUNEPYEEY foangst JFRR e CRNREUBE et act ed
m xture, %fon@ﬁ?eﬁfrmﬁﬁe &6 Rrtfon AGEQE SbiiStinknts WithSiny BYERaP BorPdheAts 80ed

occasi on? y distinguish between a conponent 30 used to prepare the

post cont wonaks upi the pestcomtagtet maixtuck NP Berp e asfivaipr-guppothicRmplisss g aberpisally-

prepat ed 24 4220 . 9 I a8 a4 t jpds,

devi gges,tr%artle rsradégolé‘glgs %ﬁﬁqﬁér or 1dg(!q(t%?c\?}f’iﬁ%htcotmc?o?éf{fg\s&edaggscr| eeblmﬁer ei n can
be used pestdohtactpd atistureecanrbet & shidnricpllyftreted sohd exitde Gone arhmoreytharcere).rmdhods,

devi ces g‘&'ﬂ)nﬁ){ Canl i%lcﬁldéa A or%glgo% uqniggnsl%grlnggu%d which is the same as or different from

the organoaluminum compound used to prepare the precontacted mixture, as described
herein. Accordingly, this invention may also occasionally distinguish between a component
30 used to prepare the postcontacted mixture and that component after the mixture has been

prepared.



Al'l publications and patents nentioned herein are incorporated herein by
reference for 5 the purpose of describing and disclosing, for exanple, the
const r uctwoand/aetnodol ogi es that are described in the pabliseavioorssy whi ch
m ght be used in connection with the presently described invention. The
publ i cations di scussed throughout the text are provided solely for their
di scl osure prli@budyn ?bﬁetﬁddk | RPicdatRd RhtehiS siMifs 65 quitRRint foAthbRMesddBENI NY

herein is to be constfrued as an adm ssion that the inventors are not

ent it | echetein canthedigedsinghecipractics oF testingeofishe inpenition,the bypical methodsy desees and

For any particul ﬁér ﬁﬁgpgﬁ;g@ di scl osed herein, any general or specific
structure presente d SO0 enconpasses al | conformatl onal isoners,

r egi oi soner s Albpublisitione gidgetantsmertianediieyein piegecoipagatechhgreintby sefergncesfor  of
substd nts. unl glate r I rwse,

t he ;ene QPugpse o;gggsc oest ?35‘%@?13& f?lg%xagﬁ’co }%é:lg}s{setgu%{aglaﬁa@\ezlﬁlot%%ogg%ﬂ?

di ast er ea¢rdessribad th dteh;m’ohoqﬂons,aWhmls omghtsba/\,heﬁharcomnecmnamﬂoﬁsrprcseoﬂy r acem C

fornms, a S _Jm xtures._ af stere0|s woul d re A4S

ski || ed @F%mfﬁgéﬂ‘ve“tm H)&p%"?&%ﬁf‘% aigPass Beoughgit e eyt a‘%gr""f‘f'\e?g’nfgeefs%f 0 the
present thély @iRtlosute pribic@ethe Milingdiate dflthe preser @pplidation. eNothing hereiangeo b¢ number
of atoms, a range of wei ratj os, a range of nolar ratiaqgs,. a range of

t enper atFpyed &ﬂ&n §8mf56‘t°g Eﬁ’atWFeWVﬂﬁ?ﬂs i@ ?‘ﬂqsenﬁﬁfl%dctloc?é’éedﬁtte sBﬁhFﬁ‘?lgS‘V%ﬂﬁe of 20
any {fo/ pevirtd¥st griepventionnt ent i s to disclose or claimindividually each
possi bl e number that such a range coul d reasonabl y enconpass |nclud|ng end

poi nts of t hdOF ARy ParkculE| qon%i)ao“%\dm?“sé\%edr h5Tg8s any ECRG R PhAPSCHifs Spycture

sub- rangﬁéseﬁﬂag9119%5&%%&4&?5@&:&&5%&31%& M REOME afD BletcoRBIsrsdhagCl Ose
or claima chem cal noiety havi n\g) a certain nunber of carbon atons,

Appl i canmay atigst om 3 Bartl@ﬂ@n st b SebsHuentp.aes siated; fbemisp- eYigtlpripowdsss) e
nunber t lﬂ&li]w r 809 c DRASS L fesWilh Mo ramonqgr§cl osure
her ei n. %%d Z)xanp ﬁ{% g%?aslcf}gsﬁefcgﬁgﬁat a n%?de)[&? 0F{:sl}%lg ecsll ton012 al kyl
grouf odiasterecthdrsg randwthveontmigsmges whetherdn erapHvmenqoriacenye Komsaasavel asas used

herein, refers pio]] endently from an al kyl
group har\rllllxrtfgeslogs re% fﬁs’é&g@lh?g?&g Bﬁzeﬁ%g%%ﬁﬁdhﬂﬂ carbon atons, as well
as any range mﬂmmmdisdﬂeseesewm typesbafi rangef tlwmcsph@,nvalt'@m tIhe@Ginclnds; | '

group), and al | udi ng a mbination 30 of rangs nethese two
nunber s ?"ft(ﬂe ‘E’ig ‘gto & ?f%etog%&’ggnoé S oEE° 3 f\?y‘lg EOS % g be bt
Simlarl ﬁétlos'ilaﬁﬁﬂg%l’ofl’tﬁﬁpeeﬁeﬂ&ﬁ adnid\se fexttanpihen prhm dlmlos"ebemmharram@tdfo of
cat aqu;st conponent. 1tq .catal yst c&ngonent cata fion

n
pr ové eda‘}yntyB‘?aeApé’i‘ﬁ@’(ﬁ igfent it disglpsnof gl gﬁfh‘ﬁdltﬁ?lé’cqagé Hgsétbrl%ﬁ‘t’ %| ar
rati o of geRbahygtcotRNRNRIBly bhedniRatRinthiding0sAaqidaNs of M@ range as well as any
2011/ 002497PCT/ US2010/ 001842 101l is in a range fromabout 7:1 to _about
50: 1, Apiibitanass and spmhmpations fsubdgangss enqomwassgd Zhersing For expmple. WBILthe7: 1,
about 8: 1 lﬁ:gﬁtytdls%lo;e O@Qﬁﬂﬁ a%eﬂucaﬁ%l&y favidg a 3B@4H nddbds 0OMEN ASmd,, about
14: 1, aboa}t) 1, about 16:1, about 1, about 18:1, about 19:1, about
20: 1, abAgpllczms Tintenbis t disclose or glaim @ndzedlaally S¥RsY possible numbss that sich p rangso |t
26: 1,-ab b - about
39 125 ab%ﬁtld % %l’pas% 9&&18%% %]_v?thggé)wsclgsgrgﬁera 3{39%%&1%&6, ;tgg Sg%gur% :l?hai aOut
38: 1, abowiety3B:d Ci abGut auml groupbwiin aligrnativenlsngiage Raving dteoud ta321carkeout
44: 1, about 45: 1 bout : about
50: 1. Adﬁto{nic’ona Fd %‘“CH‘ R Jto a%?g%, tﬁ%tnc]ag b%bsgtéén %Q%dr]ﬁ}erfdgﬁy f 1?10%711%1 gut 7:1
t o about gﬁﬁphax(lﬁg)r Zex,amsl e,7, Bh@ 16p1 g or t Zatdripon aoms) aawcuragen}fnaognm 8:1to

about 15:1 and this_.al so |ncI 10 ran et ween
about 7: i€ 13’06{15‘5{??”28’1 £X3TpRIp- 2 Q‘atﬁgké’% nﬁo (’Iral?o ?1|C)1(l)l ding any c%neélgﬁboél from
abﬁUBO 7. 8f ﬂaﬂgegbeﬁhfeeﬂﬁlg%h@{o ﬁumﬁiﬂ?giagﬂﬂe 5k Qa0 @banrl C:.Cgalkyll goap). se, aI I

ot her ranges di scl osed herein shou ein in a n

these two exahpiiedy, another ggpresentative exanmplp \féﬁ?‘ﬁ%? {mplar gBtH\/ £8 &Ift or

excl ude gshpdnBati b Stal strE%HigSﬁ&uqu%yta@uﬁdbnq;bgu@n Rtoﬂfdedlﬁ’d&&aaﬁé}(:t sfibis’ anges
or conbi natl ons of sub-ranges within the group at 15 can be cl ai ned

accor di nipversion. Byrydischesurethatihe aioler ratip qfrﬁi*n"‘n‘é‘?t COF‘PO‘F"(S‘F Tt Rptal ShETAPORSPY i cant s
choose to claimless than the full measure of the disclosure, for exanple,
to account for a reference that Applicants may be unaware of at the tine of
the filing of the application. Further, Applicants reserve the right to
provi so out or exclude any individual substituents, anal ogs, conpounds,

| i gands, structures, or groups thereof, or any nenbers of a clained 20
group, if for any reason Applicants choose to claimless than the ful
nmeasure of the disclosure, for exanple, to account for a reference that
Appl i cants may be unavar e of at the time of the filing of the application.
The terns "a," "an," the etc., are |ntended to |nclude pIuraI

I o o - o, o o - o -

M



Whi | e conpositions and nmethods are described in ternms of "conprising”

vari ous conponents or steps, the conpositions and nethods can al so "consi st
essent i alwg 20f1/00849730 "consi st of' the vari ous conponenPETAIS26IANE42 FOr
exanpl e, a catal yst conposition of thg present invention can conprise,
alternatively, can consist essentially of or alternatively, can consist of;

(i) catafysha% %ﬁgbdm 7{11 1o)abGat @I:ﬁ{%tpgﬁ%&qﬁfeﬂa td }eciéé- {ﬂa%e 3fblar ratio

acti vat or - support, (Tv) an organdal um num conpoun
2011/ 00248 Beaiut320aigud 8:184kut 9: 1pEF0M LED 4bPSOR: REP@N 12H, Thit |1 BNVEMOUON

The pr esl%ﬂt a{)&l\{el%tl', %go&tsltégj,ra%ghteﬁlg,e%%P@iéZY, &b?r)gf 2%3,'5 leotut Qarfp%dutt i2(i).ris’

nmet hods for preparing ca yst conpositions, or “using the ¢tatal yst
conposi tabowt22t Iy apouity2Bet,i abeuts524: bl abonn23: 1,t dbeutpdh: {,nabout 2%i nabopt @Ucewbutisi ng

such catal.ys pOSi ti.ons nd aftigles,produced, usi.n es Lymer
ostiic i SheSoBRRbbCHE PRELIEL R0 LA Sl SR T R T
pol ymer iabaiiti 31, pbowe3ss], abautd3 Pt cabessd® bngbous4hy, about 42:¢pstoac B3 ngatuecat al yst

conpositjon wWth_an_ ol efi oner .and optionally an olefin,cqmon r under
ol e 145 it BTt i D o A B8 B] PPoL of et Sho SRR B

caéI al yStth@@lﬁﬁﬂﬁdtibi(cﬁlﬂleGJﬁtﬂi’d ﬁ)@&glfgatfﬁinyﬁiouﬁﬂmﬂﬁigt 50:1 (fbateﬁe}nly;ﬂé, thompRAent |1,
and an activator (e.g., an activator-support .and, optionally, an

or ganoal 8} ﬁdﬁ]acfé?ﬁﬁo‘g‘ﬁﬁ)agmér%I to about I%ﬁgf‘%‘i{ Hﬂ%ﬁ%}?ﬁﬁlﬂ?s Hry cmbingtian of

pol yIer rided bede® 8horR TLI all aBdue 5P71qEd Sekamplethel Baat rakid%e & 834 dd@n an
anount of an_olefin polynmer_ obtained per hour_ under the sane 1

pol ymer i3Pauti 5h tebart i Hhorvirem abeutc 2 hitg sbowtoihbnehtkewise, all other fanggst her

aspect, AR1RbEAn RRIWABY infedbreR iP4 RGRRS sitrlaPloQMdsd 8o 8lshpldsh this aspect,
t he process conpri ses: contacting a catal %st conposition with an

ol ef i n nonomgyPpsARtsoRareniie Iightie REPES0 Qut 6B ny indidugb srepbersiofany on
condi ti ansh kRupr Gz Aty QekdndeQ fiRfinariGBCGBlindel it HleYiibuf QEROST i on
conprises cdtalyst co%r‘po ent 1, catalyst conponent 11, and an activator

(e. gl5 aandeclamedaccouppoiota wngs oojstanyrsithilay mamen ifgfoneny teasomuspsagtound) ,
and choos\M}grc Iirg 1 sviﬁ&gme_fﬁl\{%e%gtﬁ'e 5P %C&%c?t&s }\g‘? 'fcg'hegt &W hoogccuﬁﬁ f84 g fin

pol ymer produce y the process 1s at [eas Y ogreafie thana

wei ght - aefereage thauo [Applicants wey dletunavie affataie Ginefdfnth Filipglofntbe apiiicaiiored under

t he sa [ ri.zati on conditi.ons wi thout catal yst copponent . |l. TALYST
oonponirfirier, Roplifits Rk e et B piiisn it o€ Sty SRaRERE S hUiTon, ¢ e
cat al ystan@llag@%hipbm{uspngﬁgnﬂp,gmgmgégabygltolulp@me&ne,rtir dny feemisdralof ¥, cléimeal ylst
corrponent C rses a ri e net a cene C oun (0] rsing at east
one 44 uo%‘%&l‘?ggfow @S ﬁpaﬂ?%“l%f:‘é"ﬁ;?‘? C aﬁdgﬁnpég%&ﬂﬁéﬁr@éw yhe gr oup,
a fl uor efiydlosBreOftP eRdtfipla tolaBEbRnY for dlréféRncd thak APpIRARE Mlay Be UnRSare BF Gt then Some

aspects of this _invention, catalyst conponent | can conprise: a conpound
havi ng fypeof] the {il@)g of the application.
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The terms “a,” “an,” “the,” etc., are intended to include plural alternatives, e.g., at

least one, unless otherwise specified. For instance, the disclosure of “an activator-support,”

25  “an organoaluminum compound,” or “a metallocene compound” is meant to encompass one,

or mixtures or combinations of more than one, activator-support, organoaluminum
compound, or metallocene compound, respectively.

While compositions and methods are described in terms of “comprising” various

components or steps, the compositions and methods can also “consist essentially of’ or

30  “consist of’ the various components or steps. For example, a catalyst composition of the

present invention can comprise; alternatively, can consist essentially of; or alternatively, can

consist of; (i) catalyst component I, (ii) catalyst component II, (iii) an activator-support, and

(iv) an organoaluminum compound.



WO 2011/ 002497PCT/ US2010/ 001842 12 a conpound having fornmula (D); or any
conbi nati on thereof. ENt| X4 G Formula (C) isp; wherein: M3 is Zr or Hf;
5X4 and Xsoapnd/opdependently F; C; Br; 1|; nethyl; benzyCr/ushenpbissH, BH4,
OBR2 or SBR, wherein Ris an alkyl orj aryl group having up to 18 carbon
atons; or a hydrocarbyl oxi de group, a hydrocarbylam no group, or a

hydr ocar byl si |yl group, any of which having up to 18 carbon atons; E3 is a

bridgi ng group selected from 10a cyclic or heteroc_lﬁcl i ¢ bridging group

having up to 18 car bd?EEABAD DESERIFIIONLHTHEINVENTHEN he formul a
>E3AR7ARBA,  WhenedsBntERfertidn Gs Wirected oMY 1§7t% and ﬁ%n@’oﬁt'b&d%&% %Ly H or
a hydrocarbyl group having up to 18 car?) n atomg, a ori d‘gl Ag group havi ng
t he f or rasparing eFdlREeEMpRYteese methafe fasiusinB7IE; catf R compysitionsrid pRlymedre

i ndepen Y, h | ar ' 0, Gar or a
e e, U OFR0EM 64 Bl ol SR, s o1
R7E, andisiRgRheseepolymienessitent ly obe gaspest, hihd rpyesento yriveniaou pelitesy itmgn ugefio 10
carbon %R%e}ization process, said process comprising:

contacting a catalyst composition with an olefin monomer and optionally an olefin

comonomer under polymerization conditions to produce an olefin polymer,

10 wherein the catalyst composition comprises catalyst component I, catalyst component
II, and an activator (e.g., an activator-support and, optionally, an organoaluminum
compound), and

wherein an amount of the olefin polymer produced per hour by the process is at least
10% greater than an amount of an olefin polymer obtained per hour under the same

15  polymerization conditions without catalyst component II.

In another aspect, an olefin polymerization process is provided and, in this aspect, the
process comprises:

contacting a catalyst composition with an olefin monomer and optionally an olefin
comonomer under polymerization conditions to produce an olefin polymer,

20 wherein the catalyst composition comprises catalyst component I, catalyst component
II, and an activator (e.g., an activator-support and, optionally, an organoaluminum
compound), and

wherein a weight-average molecular weight (Mw) of the olefin polymer produced by
the process is at least 10% greater than a weight-average molecular weight (Mw) of an olefin

25  polymer obtained under the same polymerization conditions without catalyst component II.

CATALYST COMPONENT I
In polymerization processes of the present invention, the catalyst composition
comprises catalyst component I. Generally, catalyst component I comprises a bridged
30 metallocene compound comprising at least one fluorenyl group, e.g., a fluorenyl group and a
cyclopentadienyl group, a fluorenyl group and an indenyl group, two fluorenyl groups, etc.
In some aspects of this invention, catalyst component I can comprise:

a compound having formula (C);



20R9 and RI are independently H or a hydrocarbyl group having up to 18
carbon atons; and Cp 1 is a cyclopentadienyl or indenyl group, any
substituewd20n/00p97 i s H or a hydrocarbyl or hydrocar bylpsiriuskoigrooisp2 havi ng
up to 18 carbon atonms. WD 2011/ 00249i7PCT/ US2010/ 001842 13 4110 Formul a (D)
is; wherein: Md is Zr or Hf; X6 and X7 are independently F, O ; Br;

I; methyl; benzyl a colipsinld hating Bithula@hRoror SCBR, wherein R is an al kyl or
aryl group having up to 18 carbon atonms; or a 5 hydrocarbyl oxi de group, a
hydr ocar byl ami no gygpbingtiontheeefocar byl si 1yl group, any of which having up
to 18 carbon atons; E4 is i dgi peg=group selected from a cyclic or

het erocyclic bridging gro ] 0 18 carbon atons, a bridging group
havi ng the forml a>E4A " WA is Cor Si, 10and R12A and RI13A
are independently H or a hydrocs roup having up to 18 carbon atonms, a

1 ap3sCRE2BR13B- - CR12CR13Cwherein el : 3, R138,
ogpf\gs a b_si R 2DRI 3D si R zER138 , ridging
Cp!

R12c, having up to 10 carbon 3
group havi ng the formul awher ei

Formula (C) is ; Wherein:
M3 is Zr or Hf;
5 X* and X° are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH4; OBR; or

SOs;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;
E? is a bridging group selected from:
10 a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
a bridging group having the formula >E**R™R®*, wherein E** is C or Si, and
R’ and R®* are independently H or a hydrocarbyl group having up to
18 carbon atoms,
a bridging group having the formula —CR"®R®®—CR'“R®*“—, wherein R’%,
15 R®, R, and R®C are independently H or a hydrocarbyl group having
up to 10 carbon atoms, or
a bridging group having the formula —SiR™R®P_SiR"ER¥*—, wherein R,
R®, R’E, and R®E are independently H or a hydrocarbyl group having
up to 10 carbon atoms;
20 R’ and R are independently H or a hydrocarbyl group having up to 18 carbon atoms;
and
Cp' is a cyclopentadienyl or indenyl group, any substituent on Cp' is H or a
hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms.



Ri 3D, Ri 28, and R13E are independently H or a hydrocarbyl group having up
to 10 carbon atons; and R15, R16, and Rl17 are independently H or a

hydr ocar byD 2gricopsdnavi ng up to 18 carbon atons. 20Unl es®COIUSRIMI0SES42
specified, fornmulas (C) and (D) above,3 any other structural fornulas

di scl osed herein, and any netal |l ocene species disclosed herein are not
desi gned to show stereochenstyy or_ &=sQneric positioning of the different
noieties (e.g., these for ATE

i somers, or R or S diasg® -
contenpl at ed and enconpassed by SNese fornul as and/or structures. 25
Hydrocarbyl is used herein to ggec 4&)@ hydr ocar bon radi cal group that
includes, but is not limted toN aryhy7al kyl, cycloal kyl, al kenyl,

cycl oal kenyl, cycl oal kﬁgée « g1 aral kyl, aral kenyl, aral kynyl, and
the Ii ke, and includes @ RY¥ubstituted, linear, and/or WO
2011/ 002497PCT/ US2010/ 00184, 4 Dr\a eéd derivatives thereof. Unless

ot her wi domplaéP}ised, the hydrocar byFgroups oM'EMs i nvention typically
conprise up g @bpytyfd8 carbon atons. In another aspect, hydrocarbyl groups
can have up tqQ 12 carbon atons, for instance up to 10 carbon atons, up to
8 carbon at oAt andfX e independentlydhi Gl Brd; mathyl benekrmhynydx Ha BHyr 08B of

ther ef orgo.l Sy BCRCEA 1Y of Arit_EBGb URlSinOLp 18! ko XJalfon Bkl WO de
groups, and these groups can conprise up to about 18 carbon atons.

|11 usk r dydrosathplgxidorgroupria hydyocagbiashing gsdupa ok dix hyfisocarhylabyl lgsoupd @nyodups
(i.e., : i . i nclude nethoxy, ethoxy, propoxy, butoxy,
phenoxywlgélggﬁr%{p(e}élgﬁgﬁéﬁ%ﬁﬁ’nd the |like. The term hydrocarbyl am no group
i s used generf*ded brydging gredeselestedifman:i vel y to al kyl ami no, aryl am no,

di al kyl am no, and_dj aryl and ns. I . 1 ified, the
hydr ocar byl am no 6?%031535&g&e{agycg{c%g@glﬁlgH&’r‘fs?{%ﬁ%g?]g{é)hﬁé%%%a%gﬁ 18 carbon

at oms. Hydr ocar by h dirilying greupplavinecthe dermulu b EXREARSYE, wheretned*tis C at Byl si | vyl

groups, al kenylsilyl groppsa _aryhsilyl .gro rylal kyl silyl gn , and
t he f)qske, whi ch have uﬁmfg at%{]}i lé‘r%llgfl Sﬂa’%ﬁ SW@?y%@éé?gbﬁ%érequgihﬁﬁﬁgtrati ve
hydrocar byl si |l yl groupsp ear8 ¢aftednutiand, r i met hyl sil yl and phenyl octyl silyl.

These hydrocar byl oxi de, hydrocar byl am_no, ., and. 1B yslr ogaichysksi | yl groups
can have up to 12“?5%% éPBﬁ"r&’f‘“&ét ‘?rﬁ‘%ff’]%l_f,:&udbt 0—%3 cgr bon \glgea . or
alternatively, up to 8Rr&& RUA RIPGEEd RN apd ih@dpendena s Hsorad hjdiccafye g@np

i nventi on. Unl ess_ot herw se specified, al kyl groups and al kenyl groups
described herein are i H_%‘@?l%l%“’t]@‘iam?f‘l?@énsa?’l structural isomers, linear or
branghed, of a gi MegdERY eirbup hevin@ ¥R RIrRulad L lSire AUt ogI S*RAMA.. alvherein

di astereoners are includgd ywthi,p this,.definition. As an exanple, 20 unless
ot herwi se specified, tRe t8rmBroppd R's arpsiadipendsntln & erqehysrosasiy Broypg

i so-propyl, while the Le5R Bto/lo dafbolBaMls; b | ncl ude n-butyl, iso-butyl,
t-butyl, sec-butyl, and so .forth. For instance, non-limting exanples of
octyl " i somer R URE, andeREyare insepandently 1 os adivgirocarbyl grosp hawng wpited 8 of

al kyl gr?a%a j£h can be enployed in the present invention include, but
are not I'imted to, nethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octy2Q nonyl ,Udessypther@ise speaifiet hforilkse(C)lahd (B) abave. woy eshangstustiral fformiulasny |
groups wthin.the.scope of s i N t

i i e Do i 8 e mbtforBhe §5iles dRLRRA Ao it 4P destheato R0

oct enyl , stereochaistryche dsemetic pasitortilgeof thi diffelidne malekie(el g. thesg Jomauiastaee pot

term nal . al kenyl group,. but this is not regqui.rement . For jnastance

speci f i c‘"gan%‘ﬂi‘? %?galyphg uBs FPRUAIRIE™Se R Tl gd‘glfsgﬁ?ls%nrl%%hoat“ﬂﬁ‘f%n ted to,
3- but enytompbupéstre eyttemlatee xedheticompPasheiiyethgse formutas taedrpt stnigaumest hy | - 3-

30but enyl , 4- hyl - 3-pentenyl , 1, 1-di hyl- 3- but enyl . .

1, 1- & net hy 1-&%&%{‘@%9{) ",S""i\ﬁ%{g‘f‘ﬁg specifga Bdrodarpap Pl %‘?“é’c‘f‘%téﬁ‘il‘éqes’abﬂt/ls is
lmi‘a nt g Onétnﬁﬁitﬁd @o,laﬁy,l ;111%n,|dcyaroylk§1, h;kbn%r@uﬁmsme@n,ohytﬁalﬁe?ibmjl ambje;yl, lagﬂlky_di,l‘ e ”St
imted to, phenyl, alkyl-suypstitute nyl, .napht ., -subsfitute
napht hy| arajsgaylyaralkimds i’rtduflhéd&ﬁ’l g ‘,"Clﬁg‘%kfﬁh%kﬁ%tﬁg’t ‘i“l%‘f%‘&“%fhﬁ?ﬁr’ é‘ﬁiﬂ"’t he

| i ke. Hence, non- WD 2011/002497PCT/ US2010/ 001842 15




limting exanples of such "aryl" noieties that can be used in the present

i nvention include phenyl, tolyl, benzyl, dinethylphenyl, trinethyl phenyl,
phenyl et hwb,20peeol pr opyl , phenyl butyl, propyl-2- phenyl echgisoiandisthe |i ke.
Unl ess ot herw se specified, any substjguted aryl noiety used herein is
meant to include all regioisoners; for exanple, the termtolyl is 5neant to

I ncl ude @ﬁ%h@&&m{leessm@é&f t uﬁ.mss B&%h{qk@ Epecidaat thb%ydﬁi’cﬁﬁb?] gFRp& of s par a.
In fornmula (O, Zr or i ndependently can be F; Br;

| ; et hynvenb@hwcallqo emprise yp tombpm IWRQOIb?tOE;@:%I#I appilPedsREGR hs@r%mrbazl kyl or

aryl r r r I r a
hydr oca%@" ?{% 832 cﬁbeﬂoﬁégds%cgrg?/b?agf?d@%g rlgﬁcg{bg%{ ﬁgﬂﬁhs;g? g{:glr‘!gr??lgm no

gr oup, tdtmnshydmtm batbest atgms g AokysirasatbylRxidergraup, thetesorgpis isedignergalls o at ons
%l t %8@5 'B’oet'}ln X]iljcok'iae %n(?d ;ﬁ/lo?]@tfebgg ;%t Qﬂﬁth]ese %81?%2&)?2%%?1?55& ﬁkg?or)@%qg pgly can
i ndependﬂ@r’mh yﬁtoarse Itlllstrabmzlﬁ nonpliraitipg exmplmﬂﬁykomd@ avd @rdepde groops @-hi s
t I
or oty PureGlipIBREE Sho Bepfiehuae Tt fiol SERERC UK, BhGGRE M BIPTY 1
bot h X4 m:anbx)jS agdnthd dikd e rikhel tenal hseirmthyiawm gl@pbmtwsed(égeaﬂebabtﬁ tganfebe
phenyl ; glecgiv%ISI: (?g aikgﬁm}{no bOt amlno acﬂgg am?n%gmaglﬁ éggrypaYmno 8roups; In Ijn?e{sgm la

(O, E3 § group.”’T'n accordance an-aspect
i nverlt i anberiide patifivd, alediydﬂocarbpllamhmtgomyxf Ithie ityentibgi cognpgise up t(hahmngs up to

18 b t t | 1 |

el ade agen gy tleRbuRiy Balin PR i aRhd i T austiy Bafbener ude.
but I aLe dl]ﬂinyﬂsiliﬂ dr66bs] arylsilyr knpd) tayflalk glyitil Gaips,cand the ke whichtaxy hp to

cycl ohe

Cycl onePPibf Setpon Koo of o5 et | VBV PP GO HEUR T8 PEAEd v th

Ni t r ogenyinRyBag aad §I\Un§'lé6tyh;ﬂ5'ﬁl’ O0Th&NB hydlbéar16:41@6 EhPRb & BLHRInb C aﬁﬂ oups
can have up to 12 or 18 carpons atonB %e heterocyclic groups can

3- ne’r?oerlé’émcarbbf’éﬂﬂegr@@s ean b iRetp 1% Cﬁfé’ﬁ’béf‘?é‘éf affprnatively Hipe fos 40 ng’(?Bbs in

SOMe aspPRéhs o hltdritivelyVEIRE @fbon2®Ints, AL 568 oMb praaptifvhtiggpect of this
i nventi on, E3 is a bri d i ng rou havi ng the formul a >E3AR7ARBA, . wherein

E3Ais C or éinlesarﬂahw;qe asaepl & girmérfeﬁd’élfwwgqqub% descrbesk BETSINDAE gr oup

having Uteh@dl8 iftAdean sthalifi gr)mefgl ﬁx?e%ﬁ@:tﬂré/&hé’d ofR gwen %l&ﬁr@p&aa{p@eﬁs For
i nstance, R7A and RSA i ndependent| y can be H or an al kyl, alkenyl (e.g., a

t er m nal alhemmmqrs apd aHrd}astfmmqDS Avinglydedpwitlyn 1is dgfipyan. atAsnan eamplest rat i ve
non-J44 m et i L k1. RSA
ron . AR REAT. o 3. o O T ) g S 08

phenyl et thy Itqnn;ilwﬁylb prreaptytlo quihéeny-lbbt}'l ytq-blpylopym-ylz-smbml entypo fortind Hone | i ke.
In one a3 GGk '16‘ d RS{%A‘m Ses olf n(gcl 18 mer%I 1¥181ude rﬁeétﬁglhhexsl ha¥1 ne%ogtgrl

butyl, pen ﬁ? exy , OCt nony ,  prope
but enyl Stpﬁblbelxyrhpleh eﬁﬂhyll gronll]Bleﬁcly ba,n ln]zcémpiyj'e,d 1n\ﬂ@ present invention include,

2011/ 002497PCT/ US2010/ non hen benzyl :
In anoth Efs??ég &2?0 “é‘ijﬁ‘&ﬂﬁé%?qa’r’@m( h utg ed‘y}iglgptﬁétoﬁ% noé}'lhy? ‘propyl ,
but y25 pﬁ'ﬂttljé likeD I’Illlliﬂt’(@ﬁvd exampley of alaeril bﬁﬁpmtﬂlﬁﬁ the sabpd «fabd preseat inberfli6A and
RsA i s phen t her _aspe | east one o R7A

For m nal AR 5 B0 TG 1 ERORY BopepbMaDbrReRen, Rexenst hepterat, ©

octenyl, nonenyl, decenyl, and the like. The alkenyl group can be a terminal alkenyl group,
but this is not a requirement. For instance, specific alkenyl group substituents can include,
but are not limited to, 3-butenyl, 4-pentenyl, 5-hexenyl, 6-heptenyl, 7-octenyl, 3-methyl-3-

30  butenyl, 4-methyl-3-pentenyl, 1,1-dimethyl-3-butenyl, 1,1-dimethyl-4-pentenyl, and the like.
In this disclosure, aryl is meant to include aryl and arylalkyl groups, and these
include, but are not limited to, phenyl, alkyl-substituted phenyl, naphthyl, alkyl-substituted
naphthyl, phenyl-substituted alkyl, naphthyl-substituted alkyl, and the like. Hence, non-



5In accordance wi th another aspect of this invention, E3 is a bridging
group having the fornula --CR7BRo_cR7cRac___, wherein R7B, R8B, R7C, and
Rsc are iwdepamdesly H or a hydrocarbyl group havi ng upcrwsi@omershon at ons
or, alternatively, up to 6 carbon atopgs. For instance, R79, R8B, R7c, and
Rsc i ndependently can be H or an al kyl or an al kenyl group havi ng up

to 6 Carlbﬁnngkpamesaéfts%&maarwe:hmeuéﬁﬂﬁ,caﬁ%é%sed%@he ?fegerﬁs&vehﬁamemd@ ntly
can be H, 10neth b et hy .. propy butyl, allyl, enyl, or pentenyl;

al t er natdbgeyly , to flapsthy: nylt stnmeﬂlyhsmnﬂnphmb’ﬂ%dmnxlp@aﬂ be H,
met hyl , %nﬁ&lly] roﬁilltfbﬁ@i?lie\'lﬁ)l Yand f{eike eﬁ%@he?@ﬁe QﬁechliedoﬁnyBs%bstltuted

al ternati veI Y, tS¢ can be net I'n accordance. with anot her
aspect strylthdistyiused hereioris nEant to inclbds @lbrqgglsgm@p foraxpmgle; fhe tem Riylgp

Z)P 2'S?S—rﬁéag‘ﬁggré{hgd;/elrgﬁg?@Qﬁflﬁéﬂ%s&é‘tﬁso?ﬁ(}%gx E% ritMheESEr k£ | ndependently H

2 aving u on atohs or, alternatively,
up to 6 car bdmfamols(C), MACHT afiHfg| X anil X° asdspendenthf canttiedF; iGlvBntli oethylR7 D,

RaDt E_i tl
0 U RERhAYEERIaN. meaty Nt YR s Qb Ak, groue
be H, nﬂtyki;dcarbglbhylb grpum py |hydivgaryylamaiol gﬂopp,bmt e nlyytdrocarbypsamit gnylb 8he,

al t er nat| vel dependent '—1 thyI
21 t or nad POy gy BRE b URERE SN e AR O tng £
R8D, 1(R7 &avanpitoﬂﬁ?l:_cad@n alvensey dlteimatively, up to 12 carbon atoms.

X* and X° independently can be F, Cl, Br, I, benzyl, phenyl, or methyl. For example,

X* and X° independently are Cl, benzyl, phenyl, or methyl in one aspect of this invention. In
another aspect, X* and X° independently are benzyl, phenyl, or methyl. Yet, in another
aspect, both X* and X® can be Cl; alternatively, both X* and X° can be benzyl; alternatively,

15  both X* and X® can be phenyl; or alternatively, both X* and X can be methyl.

In formula (C), E'isa bridging group. In accordance with an aspect of this invention,
E® can be a cyclic or heterocyclic bridging group having up to 18 carbon atoms, or
alternatively, up to 12 carbon atoms. Cyclic groups include cycloalkyl and cycloalkenyl
moieties and such moieties can include, but are not limited to, cyclopentyl, cyclopentenyl,

20  cyclohexyl, cyclohexenyl, and the like. For instance, E* can be a cyclopentyl or cyclohexyl
moiety. Heteroatom-substituted cyclic groups can be formed with nitrogen, oxygen, or sulfur
heteroatoms. While these heterocyclic groups can have up to 12 or 18 carbons atoms, the
heterocyclic groups can be 3-membered, 4-membered, 5-membered, 6-membered, or 7-
membered groups in some aspects of this invention.

25 In accordance with another aspect of this invention, E* is a bridging group having the
formula >E**R7*R®*, wherein E** is C or Si, and R’ and R®* are independently H or a
hydrocarbyl group having up to 18 carbon atoms or, alternatively, up to 12 carbon atoms.
For instance, R’* and R® independently can be H or an alkyl, alkenyl (e.g., a terminal
alkenyl), or aryl group having up to 12 carbon atoms. Illustrative non-limiting examples of

30  suitable “aryl” moieties for R’ and/or R® include phenyl, tolyl, benzyl, dimethylphenyl,
trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-phenylethyl, and the like.
In one aspect, R™ and R® are independently H, methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,



RO and RI on the fluorenyl group in formula (C) are independently H or a
hydr ocar byl group having up to 18 carbon atons or, alternatively, having up
to 12 carwonoatowea’ Accordi ngly, RO and Rl independent| yCrars2e/obiser a

hydr ocar byl group having up to 8 carbgn atons, such as, for exanple, alkyl
groups: nethyl, ethyl, propyl, butyl, pentyl, or 25 hexyl, and the like. In

sone as %ﬁ&ﬁﬂ d@en?ﬂ@h&yl ab®l, Ioﬁa@@&@nda%bﬂaem &) R7 e W8 aﬁrtﬁ@ydme Bndout yl ,
t-butyl, hexyl, whi I'e in_ other asgects and R are mdependet;u}ly H or

t-but yl arrpppthyl &thy), 2rOPB b DHIYRPeRIYH ORPhEh [eyaliaptther Fspe. hlsestams of Bot h™ Ro

and Rl cag pee;d plﬁﬂillylln still anoth@r afs?édm-gt FeabfOne SR’ lafid RPC¥Cd RRAMLPAL&ERY! or
i ndenyl .Often, Cpi is a cyclopentadienyl group. Any substituent on Cp | can

be H or QOW@V@GQPWW@POIB@OWdrocar byl silyl group having up to 18 car bon

ato or al 3H Y lth
hyd ;nc? car byl s flf&f@wa}{@p‘%&%wé Eg%'ﬂoéﬁfgg t(l:ngg‘? %ﬁb gt 0 rfgogn 6@5?6%%u st t uents

on Cpl rfal;mulmeI-@&IeR —CReRS -o*r,th@mIsRl nRentPt orand dghp piesindepgadentlnH gr a
t t I I

and t ﬁﬁﬁd&cmﬂ% @ﬁ*}f%%£4§%§%$%u%8%§%%@yﬁt§w§% Ul cRan BT, O

has no adsiartceoh l uli§ ti and REnimdepehdsntly [vam be Fb oe as fabloh or @n fabienyl grogic) |
substl t Q i i bgi spect,

Opl can Javh matt%ﬁ% gtgrtggté\%gg Rbanlggelgghgrg&li gtlg%ﬁ ell“g’ ﬁﬂgge%g% én!tO ly is

H o[) 10an ?étkyl ethw tlfefyu but?l , ll}yls butyy], mrpgaﬂemggnmdnyelygwuﬁ hRIY ,ragduqs tﬁ 8

carbon a al terpati car bame 5,38 af@ns not her
cpe %dgﬁ{l%g\l}l e H3n %Iyi %I"—Iehllﬁet ﬁfg‘/ at1ve Fl ig aﬁ argl yIc‘an I—ﬁ

aspect, e a 5N pr apyl

hexyl , I"uﬂpmyhvelyadﬂ/IRSBd{ﬁemmlR pancieansthy]. butenyl pentenyl hexenyl

hept enyl, or .octen n accorgan h one aspegct of
Chrs T hvent | R acoRianse s spdihe Biieahof by G L ER | R e

p henyl , fofmit® t—If&RmRﬁBJ—ISi’RﬁRs%-n,dwlﬁrelh RI& R dr i hr)d Rsémrdﬂfhdéteﬁdedtlyﬂﬂ by Ii and

1 either has no addltlon bsti tuents _or singl e

subs 3 t Jodrocarbylgioup heyiggup ta a‘?f‘r n3pms gf.ial I%ma%)%)/ kgn 9 3 yﬁrboarato 5.

al keny! shdaptdishlPUR abjRvis F thp ifventont RIMY I at8ngnd RY idepaleamidcadttren oaspect s,
E3 can be cycl opentyl or cycl ohexyl alternati vel y, .E3 ¢ bg, a.,bridging

an
group hadf 4 1t°ﬁé“ﬁ5‘ﬁh¥]l%°%é(m§&6 gameneatpm pteimatively R 'S; R 5 Ry RPA " and

RBA are R“@ﬁ@ﬁaﬂ&ﬂh 3/caliI berr?f hﬁ‘llathyleteIﬁWl Fle) PPty Pufip! buRkBHL )aneﬁl@ﬁyﬂ
heptyl, octyl, nonyl, ;ﬁy ropenyl ,” butenyl, penteny I
hexenyl , alﬁ@p@éqistR R eR an%Bnengqpen@eﬁbﬁgq be. Hheathyl, of sthyl; altematsf@bzyI

al t at gwegsp, EBWE r D Ravigrg 8F I 713 R8B
CR7c m R \f\\h & in R7B Q%uﬁe HR%%%&%@%%& reiél nfge %‘Eg{ent@a{n;ml—rﬁ%?ﬁset hyl ; or
alter nat i vel ;R amE:R can the ﬁucmnxﬂgrwg) dm cfg@llﬂ%l\iﬂggar? Hadgpgndently H or a

K T e S e
formul a 4t@ys. thaiorchngly,sﬂ? and B binflependendly ican bt @ y diydrooarpyirerenp havingaipude, but
? re(l?t ?BL ¢ %/inq)on a oms, suE:}p gs ff(c))rl éx%vmmppeg aﬁtppgrou;psh erﬂé/tilyl Qﬁy]’ p%&lh%lutyl aﬂ%ﬂty o?u =
25  hexyl, and the like. In some aspects, R’ and R'? are independently methyl, ethyl, propyl, n-
butyl, t-butyl, or hexyl, while in other aspects, R®and R'® are independently H or t-butyl. For
example, both R’® and R" can be H or, alternatively, both R®and R'? can be t-butyl.
In formula (C), Cp' is a cyclopentadienyl or indenyl.  Often, Cp' is a
cyclopentadienyl group. Any substituent on Cp' can be H or a hydrocarbyl or
30  hydrocarbylsilyl group having up to 18 carbon atoms; or alternatively, any substituent can be
H or a hydrocarbyl or hydrocarbylsilyl group having up to 12 carbon atoms. Possible
substituents on Cp' may include H, therefore this invention comprises partially saturated

ligands such as tetrahydroindenyl, partially saturated indenyl, and the like.



5 and the like, or any conbination thereof. In formula (D), M4 is Zr
or Hf . X6 and X7 independently can be F;, C; Br; |; methyl; benzyl; phenyl;
H, BH4; OBB20owo03Q3R, wherein R is an al kyl or aryl gro®pJ/useo1a/001842

hydr ocar byl oxi de group, a hydrocarbyl ggri no group, or a hydrocarbyl silyl
group. The hydrocar byl oxi de group, the hydrocarbyl am no group, the

hydr ocar byl sith he wp@apcahﬁhs%o%alnﬂeﬂam@u@lmna OthéBthaR iRE skv ' Bfmula
alternatlvely, up to 12 carbon atomns. and X7 independently can be

F, d, BC:-98& b‘éﬁ%’wt“efﬁﬁ@ﬂ‘ﬂ thap therbridging gr?‘&’rEexIé‘rﬂ?P@er agpeeinfp xgan have

i ndependgt &y i SutfslitueRENENM cadhNQIbMfituerR! inB&eRdently Ns ANQraGP 8kY1, Aikenli S
i nvention. |n another aspect, X6 and X7 independently are behzyl, phenyl

or net hyalkylsiist, or plkemylsityh sroun Speiag up ko8 Rarken atams. o7 a%,t@ma%‘eelmup teybcatbamt i vel y,
bot h 5}(6 A0Hs. X‘}etC ﬁﬂa&%epﬁé}kw CﬁauneﬂaQ@ra'sﬁl%leYH l%éthploéti?ylxﬁroﬁﬂdbﬂl %@#}glbm“ a

phenyl ; or altefnativel can be
(D), E4 heayla hiptiyH grictid, gtnhgtmb, propenyd.c biteryhc penfgny h lmeraé,pbmterwl @rhp@enyl
i nvent i ofypeilideng@n be a cycllc or heterocyclic bridging group having up to

18 carbon atons, or
In accordance with one aspect of this invention, X* and X independently can be F,

Cl, Br, I, benzyl, phenyl, or methyl, while R’ and R" independently can be H or t-butyl, and

10 Cp' either has no additional substituents or Cp' can have a single substituent selected from H
or an alkyl, alkenyl, alkylsilyl, or alkenylsilyl group having up to 8 carbon atoms. In these
and other aspects, E® can be cyclopentyl or cyclohexyl; alternatively, E* can be a bridging
group having the formula SE*R"R®, wherein E** is C or Si, and R™ and R** are
independently H, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,

15 ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, phenyl,
tolyl, or benzyl; alternatively, E* can be a bridging group having the formula —CRPR®®—
CR’“R3“—, wherein R’2, R®*8, R7C, and R¥C are independently H or methyl; or alternatively,
E’ can be a bridging group having the formula —SiR’’R¥®—SiR™®R®**—, wherein R°, R%P,
R’E, and R® are independently H or methyl.

20 Non-limiting examples of ansa-metallocene compounds having formula (C) that are

suitable for use in catalyst component I include, but are not limited to, the following (Ph =

phenyl; Me = methyl; and t-Bu = tert-butyl):

Neto VW e -0

h\C I'<CI

\
/



WD 2011/ 002497PCT/ US2010/ 001842 27 . alternatively, up to 12 carbon atons.
Cyclic groups include cycloal kyl and cycl oal kenyl noieties and such

noi et i es wanoimob4sde, but are not limted to, cycl opentpCr/usgaiopsat enyl
cycl ohexyl, cycl ohexenyl, and the |i kg For instance, E4 can be a

cycl opentyl or cycl ohexyl noiety. Heteroatom substituted cyclic groups can
be formed with nitrogen, oxygen, or sulf xoat ons. \Wile these

het er ocycl i an have up to 12 or .4} ons, t he heterocyclic
groups cag by Zredey 4- menber ed,t ered, or 7-
nmenbered greyps AN sqge aspects of thls P ,-ntugnCI In accordance with
anot her aspEﬁLC f invention, E4 is Bhbr i mgygroup having the formul a
>E4AR12AR13 e|d3E4A is Cor Si, and R and R13A are independently H
or a 10 hydroca group having up to 18 ca tonms or, alternatively,
up to 12 carbon at \_Eor instance, R12A and R13AN
or an al kyl, alkenyl (€. g., a termnal alkenyl) or aryl group haV|ng up to
12 carbon at pss, ~ustrative non-limti gs of suitable "aryl™

noi eti es fo or R13A includ enzyl,

di met hyl } et hy bhenyl , pheﬁif -nylﬁfopyl phenyl but yl
propyl- 2- h@‘y&-t yl-Cland t he Ilke 15 Iﬁhe¢ t, R12A and R13A
independenth c be~an al kyl, a t er ni naPhal ylxnor aryl group having up
to 10 carbon at I'n anot her aspect, R12A R13A are independently H,
met hyl, ethyl, I butyl, pentyl, hexyl, tyl, octyl, nonyl, decyl,
et henyl , propenyl |, pentenyl, hexenyl, épt ,. octenyl, nonenyl,

decenyl, phenyl, tonI or benzyl. In yet another aspect, R12A and R13A are
t he sane and T ethyl, propyl, butyl, pentyl, or 20 phenyl. In
still angt he Ieast one of R12A and R13A is phenyl and/or at

| east one of . vI group having up to 8

car bon atonﬁm;¢ agedﬂdance W th anot} A of this invention, E4 is a
bri dgi ng gr&p R h12 BB-I R 3139 Ri2c, and -13C
CR12CR13C_, whe R128, are i ndepen §§ y Zktﬁ a hydrocarbyl group havi ng

up to 10 carbon or, alternativel
i nstance, R128, R , and R13c
an al kenyl group haV|ng up to 6 *car bon atons alternat|Ver, R128, Ri 3B,

Ri 2c, and R13c |ndependently can be H/~1x ethyl, propyl, butyl, allyl,

butenyl yl; alternatively, 2, and 1213c i ndependently
can be H et hyl, propyl, or 33 ernatively, R128, R 2c, and -
13C X |ndependently rt—@tet hyl , or et hyl;

alternat? Q ,ZR&QB R13139 R12C, 30 Fh @n be H or alternatively,
I n accordance wi th anot her

Ri 2B, ~and Ri 3c can be nethyl .
aspect of |nvent|on E4 is a bridgin roup havi ng the formnul anherein
R12D, R13 2E, and R13E are ;i ndependently a hydrocar byl group

havi ng up 10~carbon atons or, alternatively, up to 6 carbon WO

2011/ 0024 Y010/ 001842 28 i 2E
C zr—Cl
> - /cn
5 N\




3D, R, and RI3E atons. Accordingly, in aspects of this invention, R 2D,
Ri ndependently can be H or an al kyl or an al kenyl group having up to 6
car bon atwoeptialoe®rnati vely, R120 PCT/US2010/001842

, RI3D, R 2E, and R13E i ndependently pan be H, nethyl, ethyl, propyl,
butyl, aIIyI butenyl, or pentenyl; alternatively, R12D, RI 3D, R12E,

and R13E ently can be H, neth S5propyl, or butyl;

al ternatt , 2D, RI 3D, Ri 2E, and pendently can be H, nethyl,
or 2E , ~- Z13E ethyl; alternati D, Ri 3Dcan be H, or

al ternat? VR 8 3E can be nethyl. ARLA/RYS5 CK- 16, and R17

group havin to 18 carbon atons or, a natively, having up to 12

carbon R 1015. K16, atons. Accordingly, 4, and R17 independently can be
H or a hydrocar byl up having up to 8 car n etens, such as, for exanple,
al kyl groups nmet hyl , ethyl, propyl, butyl pentyl, or hexyl, and the liKke.

on the fPhior I\ﬂﬂoups in formula (MBh7a Eg éﬁﬂ@pendently H or a hydrocar byl

In sonme as R14, R15, R16, and R adependent |y net hyl, ethyl,
propyl, -butyl, or hexyl, gp her aspects, Rl14, R15, R16,
and R17 a gdependently H or t- butyI. exanpl e, R14, R15, R16, and R17
can be alztefhatively, 15K- 14, ’ﬁ&@ R26-Cland R17 can be t-butyl

f$ylcan be F, d, Br, I,
d R14, R15, R16, and R17

't is coRte tedithat X6 and X7 i nd¥pen
benzyl, phe J or methyl in forrmula (D),
i ndependent | nbe Hor t-butyl. In the ot her aspects, E4 can be
cycl opentyl or gﬂ%ehggyl alternatively, E a bridgi ng group having
t he fornula>E4AR12AR13A whereini E4A is C or Si, and R1Z2A and R13A are 20

i ndependent | y |, ethyl, propyl pentyl, hexyl, heptyl,
octyl, nog : E nyl, propeny § , pentenyl, hexenyl,
heptenyl @ decenyl pheny olyl, or benzyl

alternatlvel zarClbe a bridgi ng drows hqykﬁg the forml a _CRi 2B- RI313_

N

cE4
cRi 2cRi 3C_, ﬁ? NM@L2B, R13B, RI2C, :% dRlxcmre i ndependent|y H or
met hyl ; or

"y Y
5 = ’ e ;
tim:lgi.ijlib t-Bu AGI'CQinD
Me- _Cl Me. —Cl
C N _C Zr



alternatively, E4 can be a bridging group having the formula 25wherein
R12D, R13D, R12E, and tc.r.13E are independently H or nethyl.
Non- | i m twogoemepres of ansa-nmet al | ocene conpounds haviPag/usesmwiohes4t D) t hat

are suitable for use in catal yst conpgmnent | include, but are not limted
to, the foll ow ng: WO 2011/ 002497PCT/ US2010/ 001842 31
I n accordance=w t h/as aspect of this i ntiow, catal yst conponent | can

conprise a 5
is R5 RIVE®
a, Br, I,

pg formula (A). Formula (A

het al | ocene conp
‘ and X2 are independently F,

etB¥n: Mis zr
, or methyl;




RI and R2 are independently H or an alkyl, alkenyl, or aryl group having up

to 1012 carbon atons; R3 and R4 are independently H or an al kyl group
havi ng upwocoidoeerbon atons; and R5 is H or an al kyl orcalusenglooganup

having up to 12 carbon atons. 21 In formula (A, Mis Zr or Hf, and
XI and X2 independently can be F, Cd, Br, |, benzyl, 15 phenyl, or nethyl.
For exanpl e, X X2 i ndependently are b ; phenyl, or methyl in

i s_invention. |In another
~ i Y rethyl . Yet, in

anot her aspé@bt,.~ba ;L@ﬂ and X2 can be d gt ernpatdivel y, both Xl and X2 can

be benzyl; al % rvgly, both XI and X2 EE? Pranyl ; or alternatively,

WD 2011/ 0024

both XI and coh met hyl . 5Substituents R2 on the carbon bridging
atom are i ndepengently H or an al kyl, al kehyl~—or aryl group having up to
12 carbon atons. For instance, R and R2 dent|ly can be H, nethyl,
et hyl, propy pentyl, hexyl, hep nonyl , decyl, ethenyl,
propenyl o b o EQX" hexenyl ,t-Bvepier tetrBU , nonenyl, decenyl,
phenyl , %%%z , PNl yl, or naphthyl, and Phe.. .din accordance with one
aspect of the gfeszatClinvention, R 10 apg” '%&émdependently met hyl ,
ethyl, propfi b rTCEthenyI, propenyl, but &m pent enyl, hexenyl,
benzyl, or phen I n anot her aspect, R and‘iﬁ are independently H,

met hyl, ethyl, p |, butyl, pentyl, hexyl, \\ropenyl, but enyl ,
pentenyl, or hexenyl. yet anot her aspect, R and R2™are independently
phenyl, benzyl, or tolyl. In still another=g RI and R2 independently

or benzyl. 15

eny?! grBiips can include H On
'tlgkj¢uw an al kyl group having
i endently can be H,

tyl, octyl, nonyl, or

are independently nethyl,
her aspects, R3 and
'R3 and R4 can be H
On the

\nyl group having up to
B¢ hyl, propyl, butyl,
I, propenyl, butenyl,
S~cor decenyl, and the

are H, nethy , butenyl, penten
Substi t ugnt.8 c| gpent adi enyl t T
the fluorenyl gretp, R3 and R4 are indep@®h
up to 12 car QSiatﬂﬂ$¢|Accordingly, R3 amd”
met hyl , ethfﬁ, i?CIbutyI, pentyl, hexyl,
decyl, and the In sone aspects, R3 and
et hyl, propyl, n- t-butyl, or hexyl, while
20 R4 are independentl or t-butyl. For exanple,
or, alternatixely, haoth R3 and R4 can be t=k
cycl opent adi -@o R5 is Hor an al
12 car botiBa 54 25 %éane, for instarRE,
pentyl, hexyph. | 'ﬁéGloctyl, nonyl , deci%;sf
pent enyl , hqxeﬁ , R enyl, octenyl, nomany
like. Often, R54%NH, t hyl, ethyl, propyl,‘gﬂ yl, ethenyl, propenyl,

but enyl, penten or hexenyl. In other aspects{ R5 is H, nethyl, ethyl,
propyl, butyl, pentgir ot hexyl; or aIternativeKﬁT\Qﬁa{s et henyl , propenyl,
butenyl, pentenyl, ‘hexenyl, or heptenyl. (n anofher aspect, at |east
one of RI, S in formula (A is an al kenyl group, such as, for

i nstance, et
30 nonenyBu” o
propenyl, buRrep)
WO 2011/ 0024w
bri dged netal |l og
structures (these
respectively, in Fl

bot

penyl , butenyl, pentenyl, hexenyl, heptenyl, octenyl,
-/’,Pﬁhd the like. A\l easts\one of R, R2, and R5 can be

egi enyl, or hexen @ aspects of this invention.
/ @10/ 001842 33

mting exanples of suitable
e conpounds havi ng Py £8) include the follow ng

onpounds are abbr ev?ﬁ%aé\d}/ET- I -A and MET-I-B,

x

b b



5Met hods of producing bridged netall ocene conpounds whi ch can be enpl oyed
in some aspects of this invention are disclosed in U S. Patent Nos.

5, 498, 58WO02pPABH2886, 7,312,283, 7,456, 243, 7,468,452, and/UR2GLNH0B3D, the
di scl osures of which are incorporatetherein by reference in their

entirety. 10 CATALYST COVPONENT I 1 ~I'n polynerization processes of the
present invention, the catal yst conpog npri ses catal yst conponent

1. Catalys onent |1 can conpris 1/ 002497PCT/ US2010/ 001842 34
Cp2 / \ Cp3(E); and the |ike,~orgRny” conbi nati on thereof.

Wth the (&384-oh of the conpound héth. fpgpmil a (E), these netall ocene
conpoundih |lgptrated in FIG 1 & previ ded with abbreviations
MET-11 - e respectively. These ounds can be produced using
any SUItaEi Aot hod, including 5 those dirs¢losed in U S. Patent Nos.

7,199, 0737277 6, 886, and 7,517,;939, the disclo es of ;which are
|ncorporat d he ei n by reference intheir entirety. For instance, MET-II-E
can be py ) a a zinc reductlon oA F. In fornmula (E), Mo is Zr

; methyl; benzyl; phenyl; H,
aryl group having up to 18
Re-A9dr ocar byl am no group, or a
upct o 18 carbon atons;

enyl or indenyl, any

Hor a hydrocarbyl group having
and 15E5;is a bridging ¢ p havi;ng the fornul a

hydrocarbyIOX|de d?b ‘
3 foup, any of which mHV|
Cp2 and Cp3 i ndependently a cycl open
substituent on and Cp3 is independent
up to 18 carbon at oms)N

hydr ocar byl

-(CH2) -, erein.n is an integer from
>Si_ Hf ,s. Zr-
T Ty
S
AN : PN= ;
Phesi Q\ rCl Phsi’” zeCl



to 8, inclusive. In formula (E), Mb can be Zr or Hf, while X8 and X9

i ndependently can be F;, d; Br; |I; nethyl; benzyl; phenyl; H BH4; OBR2 or

SABR, wheweizn1iRoe®7an al kyl or aryl group; or a hydrocarbyluszeid@oganpup, a

hydr ocar byl ami no group, or a hydrocardgyl silyl group. The 20

hydr ocar byl oxi de group, the hydrocarbylanino group, the hydrocarbyl silyl

group and R can have up to 18 carbon atong A ernatively up to 12
@ , Br |, benzyl,

car bon ato Q @ and X9 i ndependent
phenyl! , Q eganpl e, x8 arf®Uxg S¥per den'tEH/ are O, benzyl,
phenyl , or in one aspect of this PP tlzp}CIIn another aspect, X8

and X9 |nde ﬂﬁ Are benzyl, phenyl, Pt heyhytg Yet, in anot her
25aspect, IX9 can be O ; al tery /6 both X8 and X9 can be
benzyl ; aIte or alternatively, both
) Cp -a\ng are independently
n i ndenyl> group. Cften Cp2 and Cp3 are each a

¢ Any substituent on Cp2 and
éng up to 18 WO
e at|ver, any

a cyclopentadrenyl or
cycl opent adi enyl group or each an |ndenyl

008842 35 carbo at s
substi tuent Fpan tie &r a hydrocar byl Bﬂ;g,
Possi bl e suh§t$l ‘ on Cp2 and Cp3 nayphnc Y
i nvention conp ﬁrtlally saturated |

| therefore this
such as tetrahydroi ndenyl,
> _aspect, Cp2 and Cp3 have
i N €-0., ho
substituents other than the bridging group E5. In another aspect, Cp2
and/ or Cp3 cas : e or two substituen d~each substituent
|ndependent ‘ or a hydrocar ¢ g to 10 carbon atons,
such as, "Pér “ex 7" ahBy| kyl , aIkeﬁ%%{ > groﬂ% Yet, in another
aspect, (Cp2 P&\n can have one or t bsilbst-tGlent s, and each 10
subst it uent RhA depi |y can be H, meth{h, sbyyr\cmropyl, butyl, pentyl,
hexyl , heptyl |, ethenyl, propenyl, pBut@@yl, pentenyl, hexenyl,
hept enyl , oct _henyl, tonI, or benz N ] e in other aspects, each
substituent independlentty can be nmethyl, et yl,;%qo butyl, ethenyl,
pr openyl , butenyl or pentenyl. ’ In formula (E), ’E5 is a bridging
group haV|ng Nl -(CH2)n-, wherein nis an 15 integer from2 to 8,

'nC|USIVﬁB nBcan be 3, 4, or 8 in sone aspects of this
i nventi oh , y, n can be 3, 6; or alternatively, n can
be 3 or 4. PP I h 8@l aspect of this MVERtTSn, X8 and X9 in fornula (E)
|ndependentHV10a~ =gl O, Br, |, beR I, phe@yl, or nmethyl, and in sone
aspects, n c# An i nteger from2 to<8, choeive; or alternatively, n
can be 3, 4, 6. Additionally, Cp CPR can be 20 unsubstituted

be H or a hydrocar by pRaving up to 10 carbon atons,
gwapl e, nmethyl ethyl, pro -utyl pentyl, hexyl, heptyl,

octyl, ephenyl, pnﬂpenyl but enyl , peﬁt; yIZrh§kenyI heptenyI, oct enyl

phenyl , 2 rof benzyl . NonPIi mixtf ngoexanpl es of metal | ocene

conmpounds Fayi (ornmula (E) that are /g ) i

e, but are not Iim ) he follow ng: WO

2011/902497PCT/ 52010/ 001842 ; = ;



36 t her eof . I n accordance with one aspect of the present invention
catal yst conponent Il conprises MET-11-A MET-11-B, MET-11-C, MET-11-D, a
conmpound wewvingoternmul a (E), or 5 any conbi nation ther eeCI/usroiamemssziance

wi th anot her aspect of the present imgention, catalyst conponent I
conprlses NET-II-E MET-11-F, MET-11-G WMET-11-H, a conpound having formul a

(B), or ation thereof I n accordance with yet anot her aspect of
the presg ion, catalyst conpo onprises MET-11-A In

accor dance till another aspect ¥ G%; -sent i nvention, catalyst
conponenfthg ppCi ses MET-11-B; 10 ghter t|v ly, conprises MET-11-C,

al t er natPhel

cogprises MET-11-D; ald g®¥inat
al ternatixye

conprises MET-11-F; alterpaiv
conprises MET-11-H, or y

conprises MET-I1-E
é, conprises MET-11-G
atlvely, conprises a conpound

havi ng for 1R ACTI VATOR- SUPPGRT The present invention
enconpasses various catal yst conposi tions containi ng an’activator, which
can be a Or - support. In one agpe activator-support conprises
a chem csg aped solid oxide. At , the activator-support can
conprlse 2 mneral, a pillared cle xf ol i at ed clay, an exfoliated
clay gel %@, p—&hot her oxide 20 ndlvgx, R ta@yered silicate mineral, a
non- | ayePEd icate nineral, a |ayerRid ingsilicate nmineral, a

non-| ayer m nosilicate mneral, of conbi nati on t hereof.

Gener al | jcally-treated solid o -xhibit enhanced acidlty as

conpar ed
chem ca
co- catal ystysy
cat al ystp%@ 0 prbn The WO 2011/ 0024g7P 182010/ 001842 37 activation
f unct i onP®Hf oy i vat or - support i s RVi de i Vi
cat al yst )gition as a whole, as cogfipd(®d to a catal yst conposition
cont ai ni o oxi de. However, it is believed
that the chenic kl eated solid oxi de can st+7QNn as .an actlvator even
in the absence of an organoaluninun1conpound 5 al um noxanes, organoboron

7 “*nunds and the |iKke.
The chengg A\ 2 a solid oxide treated with
an el ect Fon- wt gKaw ng ani on. Wile no vendlng to be bound by the
fol l owi ng sMteffenz.—6lt is believed tMgitr Q&Pﬁbnt of the solid oxide with

an electron-ﬁéih aﬁ?og conponent 10 a enhances the acidity of
the oxide. T § r the actlvator- h|bits Lew s or Bronsted
acidity that is 1y greater than th s or Bronsted acid strength

of the untreated SO|Id oxi de, or’ the actlvator support Has a greater nunber

of acid site untr eat ed SO|I nr both. One nethod to
quantify, & he ok khe chenlcall» and untreated solid oxide
naterlals ' §1e2Y ing the polyner zat|c act|V|t|es of the

sy /®



15treated and untreated oxides under acid catal yzed reactions.

Chem cal ly-treated solid oxides of this invention are fornmed generally from
an i nor gawpeosaloped7oxi de t hat exhibits Lewi s acidic or Bcomstedoasizi c
behavi or and has a relatively high pogpsity. The solid oxide is
chemcally-treated wth an el ectron- mnthdramnng conmponent, typically an

el ectron-w t hgraw prg=ani on, to form an=¢ ti or -support. 20 According to
one aspect ,ent i nventi on, oxi de used to prepare the
chemi cal ¥BU't dme greater than about 0.1
cc/g. Accorthg peot i nvention, the solid oxide
has a pore Wef um
aspect of thgp
t han about 1 )
area of from about
oxi de has a surface area of from about
| present inventi
of from ghody abpgy 600 n2/g.

t ther aspect of M
Ozf'\ergt er than about MES
nt invention, the (@d7)oxi de has a pore vol ume greater
251 n anot her aspe Re solid oxide has a surface
=0 about ;1000 0. yst=anot her aspect, the solid
00 tQ _about 800 n2/g. In stil

e lid oxide has a surface area

2 ally-treated solid oxide can

conprise a I|o> nor ani ¢ oxi de conpmé5|'g 30C oxygen and one or nore
el enents se Goup 2, 3, 4wMé%S' ?NCE, 9, 10, 11, 12, 13, 14, or
15 of the peri or conpri sing genCind one or nore el enents
selected fro ant hani de or acti ni enents (See: Hawl ey' s Condensed

Chemcal D c 1th Ed., John WYe
W ki nson, G, Mirillo, A., and Bochmann, M,
2011/ 002497PCT/ US2010/ 001842 38 ‘Advanced | norgani c Chenlstry, 6t h Ed.

W 1 ey- I nter gCi §ag 1999). For exanpl e, gani ¢ oxi de can conprlse
oxygen arBlrax wehti-Bor el ements, sduEctedprdmt@y B Be, Bi, Cd, Co,

C, Cu, Fe, G&a g, .n, M, N, Sb, Si, Sn, 00 Ti, V, W P Y, Zn, and
Zr. Suitable exanffewciof solid oxide nater|< 6P€¢onpounds that can be
used to for K chemi cal l'y-treated soFigoxide include, but are not
limted to, ; o
La203, M1203, MdO03, N|O P205 Sb205 S|02 San, Sr 0, Th02 Ti 02, V205
W3, Y203, 3 and the like, incluy#h Txed oxi des thereof and
conbi nat | 9ps P~.B9r exanple, thegs & AN conprise S|I|ca
alumna, Silic unda, al um num phosphat e .Iunbpophosphate
heteropolytung.tazb,waltanla zirconia, 10 nagASth boria, zinc oxide,

m xed oxi des e , Or any conbination 2 The solid oxide of
this inventiéﬁ’ conpasses oxi de materi al 35 al um na, "m xed oxide"
conpounds th ch as silica-al um na, ¢ /-inatiqns and m xtures

t her eof . 1 xed oxi de conpounds such a ilica-alumna can be single or
mul tiple phases with nore t " et al conbi ned with oxygen to
forma soO x{fde 15 conpound. Exanple i xed oxi des that can be used
in the actifvatypr~€lupport of the present (I neentGlon i ncl ude, but are not
limited to,\sif1c&talumna, silica-titam ST¢li ca-zirconia, zeolites,

vari ous inerals, alumna-titani 4 3 m na- zi rconi a, zinc-alum nate,

al um pa- silica-boria, alum nophagpmanessilica, titania-zirconia, and
the |1Kke. The olid oxide of this |nvent|on al so enconpasses oxi de

mat eri al g s silica-coated alum escribed in 20 U S. Patent

Publ i cat of which is incorporated
herein by rge he @l ectron-wi t hdraw ng
conponent Fbec@ny conmponent that increases

ed?®agjreat the solid oxidelca
the Lew s, o Bronsted acidity of the oxi de upon treatnment (as
conpar ed ”j @"., ted with at | east one

1995 Cotton, F.A.,

.renép inits entlrety

e, solid oxide that is nQ
el ectron-Wt hdf awm ng anion). 25 Accord MoVone aspect of the present

i nvention, the electron-w thdraw ng conponent is an el ectron-w thdraw ng
anion derived froma salt, an acid, or other conpound, such as a volatile
organi ¢ conpound, that serves as a source or precursor for that anion
Exanpl es of el ectron-w thdrawi ng anions include, but are not limted to,
sulfate, bisulfate, fluoride, chloride, brom de, iodide, fluorosulfate,

fl uoroborate, phosphate, fluorophosphate, 30 trifluoroacetate, triflate,
fluorozirconate, fluorotitanate, phospho-tungstate, and the like, including
m xtures and comnbi nations thereof. In addition, other ionic or non-ionic
conmpounds that serve as sources for these electron-w thdraw ng anions al so
can be enployed in the present invention. It is contenplated that the

el ectron-w t hdrawi ng ani on can be, or




WO 2011/ 002497PCT/ US2010/ 001842 39 can conprise, fluoride, chloride,

brom de, phosphate, triflate, bisulfate, or sulfate, and the |ike, or any
conbi nat iwo 20hieel, in some aspects of this invention. PCH/ustéienosspect s,
the el ectron-w t hdrawi ng ani on can coygrise sulfate, bisulfate, fluoride,
chloride, brom de, iodide, fluorosulfate, fluoroborate, phosphate,

fl uor ophosp | fluoroacetate, triflatg, Sfhuorozirconate,
fluoroti t%a - i ke, or any L BOIRI NG r eof . Thus, for
exanpl e, he a -support (e.g., Chem ¢ lreat ed solid oxide) used

in the catalys itions of the present |nZ/re.n, on can be, or can
conprise, fluorrded alum na, chlorided al um 18, brom ded al um na, sulfated
al um na, fluorNdgd silica-alumna, chlori del | i ca-al um na, brom ded
silica-alum na, sdi\fated silica-alumna, fluoMdaed siliga-zirconia, 10
chlorided silica-zirconia, brom ‘ded silicaszirconi a, sulfated

silica- ZII’C orlded silicatitani a ded silica-coated al um na,
sul f at edt-& 0 £t 6Bl urmi na, phospiBat S t®¥at ed al umina, and the
i ke, or conbi paflthereof. In some aspeCt sy.-+Be activator-support
conprises fluoNged ®unina; alternatively, rrp\FSes chl ori ded al um na;
alternatively, (conprises sulfated al um na; @i§yernatively, conprises
fluorided sili ca\g um na; alternatively, 15 cappfises sul fated

coni a; or alternatively,
conpri ses When t he
el ectron-w

anion, the co fegj on or cation of that sa \c@n be sel ected from any

salt to serve a‘ a source for the electron
are not | O
| ack of

t hdrawi ng ani on i ncl ude, but
to, the solubility of >alt in the desired solvent, the
i -pairing effects between the
parted to the salt by the

roClt he anion. 25 Exanpl es of
sui t abl e cabi F'n the salt of the el eChe6n- vt hdr awi ng ani on include, but
are not |i d to, ammonium trial kyl afdyonium tetraal kyl anmoni um

t et raal kyl honi um H+, [H(CEt2)2]+ OVt he | ke. Further,

combi nations of one or nore different electron-w thdrawing anions, in
varyihg gnddiolike oreny comhbinpeonithergof o tail or the specific acidity of the
activator-sug o he I

el ectron-wit hg?(gév{nmia ﬁ gsg%ﬂ r:ﬁf:?ré]qbg\ﬁgouﬁ egg’:i@hﬁ%{: ;&Ibl)%}' meth?léri al

si mul tanmmaﬂj yheyl;i HdlBszL@BRy or 3R, rw@m&yndiderant flkyl af fagyl dgroetheordesi r ed

chemi cal ed solid o For exanp ct of h| S
vent | o AreehEg gls Pt 5 YRR LS a8’ Borlos g EPor Thbr

el ectr onhy&tdchmywd@ggr@m dar l@dwcafbylaﬁmpngmﬂh; thmh;tdmmarhylsnhyt grosp paxi B.taan
contacting ste ne e uch a process by which a

che \’“\3’3%‘? ngge‘ifﬂ%oé‘lait‘ﬂ“%?{r 3 r‘?*’é”%‘?’ ’g'g’atf’ég c?r§°‘é§t°f”81 | ows: a sel ected solid
oxi de, or comtfiamati’andepbndeatly Barbe K3, Bi, $, beanll gthieayl, &mmhylh Far éiarnmle

el ectron- t hdraw ng._ani on Sopr ce, co und to forma fjrsi.
first m %%N I@d@&PQﬁnﬂéareaqd hpla%lgf SEME yWntqqe 3SRegH %t‘rs.f is mvenuon 'In

el ect r onzipieh dRd NG AR xh nﬁi@b'érﬁ@ntgﬂﬁi’@%ﬂ@ﬂﬁheh?lr r&anaﬁﬂonﬂetmmhwtﬂer the
second m xture is then,calcined to forma treated solid oxi ?j“?‘EE‘aE uch a

process, aperd Both X7 anth’ sl eltemativeh RPthRdrandi A F28 ke SRy ounds
can be eb&d{'% ahd™R7 SABR pREnyl drfaBERRiveR? BBAUTASd X7 can be methyl.

In formula (D), E* is a bridging group. In accordance with an aspect of this invention,

Q

this

E* can be a cyclic or heterocyclic bridging group having up to 18 carbon atoms, or



10Accordi ng to anot her aspect of the present invention, the

chem cally-treated solid oxide conprises a solid inorganic oxide material,
a m xed owDdeirwmmes®ri al, or a conbi nation of inorganic oPCuaSrEmisat s, t hat
is chemcally-treated with an el ectrogrw t hdrawi ng conponent, and
optionally treated with a netal source, including netal salts, netal ions,

or ot heryjERh@el: A @ 1 BAb&P ARAIN dSyclNoFtolds hélud cRIcMmB/ &&d nyclbmﬁexfyet al or
metal ion include 15 zinc, njckel, vanadium_ titanium silver, copper,

gal | | ummeigties and fyeh Bwietigy Pammeden bus precRafilimied dReyclppentyk gyclgpentenyl,
conbi natdyofed i Q;&@lgflexeg}?ﬁam &8 1RE. ?Qlei'ﬁktﬁﬁéel A éah%taeé%'cﬁﬁlaﬁt‘}il &’@y@%ﬁeﬁy’l‘ at

contain a netal or net ion include, but are not |limted chl ori ded

zi nc- i npneigyaHstereatomisphstitgted qyelieismaups qaa e frmed b gyiagsss, %I‘IYE% ABsulfur yori ded
Zi nc-4 MLEINRILI Y iRe (51@{3{'& élgego%ds%n'hgper E@'&?-tlf@r $k lch®BaLhtd Ak Nde

fluori deoT zi nc-1 npregnate ca- al um na, fated zinc-i npregnated

al uni na, hetendayelic] gbups rsen Heudrimeatbereds Beembtead, ermemb¢re¢n érareanbered| PRt/ed zi nc
al um nat wi th hexafluorotitanic acid,
silica- crger?%ééd é&#‘%ﬁ‘&?ﬂ ?sltpgﬁl "E‘%;r}{g&and then fluorided, and the I i ke,

or any conbi riatawordantﬁewebfanotwmasmt ¢fctu1smivem<pvr @gmbm@lnmomhavm&tkﬁ de

EEL?QC?Lf il tl? ﬁ%‘“’rﬁi'ﬁﬂm‘c %ert%ﬁx E""egc or.s gn% R Fll?&ijy a¥¥m gbé%n%ﬂ?)ﬂ 4fals

metal >source, typica a sa ni ng
conmptun ohydmarblyh gﬂoupl da;mbgl tupite lﬁo:tarbloh rmtd:lmiolt alterg:aivlelyn gp tc a2 g:@tblon ragqms
i mpregnatian  of ont not h and t d t he
net al - 81%1 épﬁuﬁa’ nd i sd%pcfagedl Yo ag(r%elfrlrﬁf élar?a yl daliéen ok ﬁ %?fl oxi de

in sol utalMyf)pdSrmrylagidupShMuemchmmmedlliummvé Inen-$1ummg é)admpmstoﬁl upon
calcinin Acgor he 0l i gr oxi.d an further nprise
et al SR PO R e R D angler K ety LR BV G et

gal | : um tlléiiﬂeﬂlylﬁh%bgsﬁlﬁﬂyleﬂim )SHd@llth‘B@yl Qﬂﬂnj‘!lhlﬁyll, pf@@y]—%h@@lﬁ@hﬂaﬁﬂdghﬁhkﬁ; t hese
metal s. For exanp ZI.NG,.i .S often used to | nat ol i d oxide
becalise itongaspeph B gu s 18@@311%3{1&9%?6 1 PRl G B 1 B

2011/ 002}4&3@@@5@@4@6@&&&42%0&& aspSHIER BOhAdIR ©X hid@ndepBndeatly Homk@E, Wi t h

netal salts or netal-containi nf) rrBounds before, after, or at the sane
time thatthylnBrogyh butybxpeatyli kexylh dsptal o Honile ds¥c ethevPeREY A HHEY hni on.
Fol | owi ngen?eﬂ% %%@ptne%npietobeqyl tnta@engp rHe@&)tdeph@h%t Wif, oF beRky1d moygound,
el ectron-w t dravmg?manlo metal ion is pical |y cal ci ned.

Al t er nat ¢1\¢é1e§/ aspgets Bl 1 and R o eaIS thﬁa’éaélrei, and ar&ﬁn@hiéc?thb‘n prVh}(Q’PQ\]M ReptyAfi on
sourse. gyt hg sﬁﬁtaﬂtLtPthaa%ecp at G ne GPRI2iaRi RPAGO PRAWN Gn 360t GQBE Gifelozd and
cal ci ned S|¥m taneous Vari ous processes are used to formthe
cheni cal RV endRY2 i astelhmdalai&ed}d grewrf havingypttt 8 cpbesatpms. nvent i on. The

chem cal ! Y-t nRaL&HH0L Wit AHUAE SEG: SOAR AR 4 GO0 b ngé R EhviRl mene of
i s not 1fdrmelqu-CREPRIRCGRIERISH dviexdinB BR ¢4 IR e lﬁ)'r" o indepegwenthcli ng t he
cal of nedod DRESHRT Bl biiag Bilo” b cafdf o 7 MRS b M Gt

el ecps onFa insskicey\R B, RHP ,OR'*S cnd !> Thilepeadinilgl can ibelé1 onan taﬁcyl: at en nkkenyr

uncal ci ned. Var.i ous processes to p odsi d1:8X], de a M@t orts
t hat can®BEP Q%P%V%&gpr‘ia%ﬁf‘?‘i%é tro“r?’eﬁ'a\?/{e g ep’o g HQ

such net bads B MegE ethyhqopyl wtﬁ, alBayt @ikdnyl or pbﬁSnylﬁalﬂe@t?a,tﬁ&@ RBB,mB 929
6, 294, 494,,.6, 300,271, 6, 316 55% gg 594, 6, 37 i)? 161388,t0% 'R'E

6 391 818 “Gindds iepepdesly cgnpe B mothyly athil, grapyk of putvligitiematinely

6, 613, 718138 6R BB 2n@RFC ; aeﬁ-’t%an%d{ Guctibf, 3@yl alterndlii ey, G T, ®EPOR i ch

are | ncorporqg éd herein refergpce,d nfheir entirety. According to one

aspedd ofndRe ‘f?ﬂé’ﬁéhlofﬁlfﬁ'i%aﬁlt"fﬂan tHe a8 d“‘G)ﬁl canhe gyl s 20

chemi cal | y- t rgaladadite Wtﬂtaﬂ%bﬁaﬂ bd oMbk in@htiSh, q_‘?tlﬁ Q'Bn&glhggf@w'hﬂﬁngﬂﬁponent
typically an electron;with ng anlongﬁgurgﬁ ur t her.. the solid oxide
mat er i al fospulaon&iB v R s—cﬁl@m Ba Ty vtheeedn R m?flélR e indpppnders

cal ci nedyt C r r treated
col i d oxe § BAbRR ous Rk B) 016 calBBh loplo R, PRRRLERLE VBT Mo

solid oxide materi al and el ectron-w t hdrawi ng ani on source are contacted
and cal ci ned 25si nul t aneously. The nmet hod by which the oxide is
contacted with the el ectron-w thdrawi ng conponent, typically a salt or an
acid of an el ectron-w thdraw ng anion, can include, but is not limted to,
gelling, co-gelling, inpregnation of one conpound onto another, and the

| i ke. Thus, follow ng any contacting nethod, the contacted m xture of the
solid oxide, electron- 30 withdraw ng anion, and optional netal ion, is
cal ci ned. The solid oxide activator-support (i.e., chemcally-treated
solid oxide) thus can be produced by a process conpri sing:




WO 2011/ 002497PCT/ US2010/ 001842 42 1) contacting a solid oxide (or
solid oxides) with an el ectron-w t hdrawi ng ani on source conpound (or
conpoundswotoitfooe4yra first m xture; and 2) cal ci ni mgTtUse0i00®Y2 M Xt ure
to formthe solid oxide activator-sumgort. According to another aspect of
the present invention, the solid oxide activator-support

5(chem Gajnhsy - AéRdifgly Sial dspec@XbOfis inPenBoAIRIEER MY FI*Pane @Y ifepBidesilyng:

1) contacting a sol1d oxide (or solid oxi des% wth a first | 12D

el ect r orfambe kuenan #Hiylafiasrnlkay} swup bayiBeHB 19 § cRPmatems alematvelyy, Re: s

2) cal cigimg #Ehe, { R PBindBhenlibhts daf YerIPAHERyIA b, GtopoTl blutyl, SdllylTbateHY e or .
3) contacting the calci ned fiyrst mxture.wth a second el eCtron-w thdraw ng

ani on 1(pestonylcelteeatiyelin& ToRIOr B a S@CB_na infependetly gargbe H, methyyl, ethylei ni ng
t he %ecﬁggp[)}ci?c?ftbu{yﬁ atltgwfaf?\';eri@,tw@, $0I0 Q1B Xid R EGhApRARNeP BRPH IT; methyl, or

Accordi yet “anot her pe of e present invention, t

cheni caldtiyl;taltematels &' 1 JRDD) E'é‘tiiasd Bﬁ%dmwmr ait@mh%wlm%‘%’oﬁpgclﬁz% gnd he
solid Oﬁ'@ca}éﬁbmc{hﬁﬁ el ectron-w t hdrawi ng ani on source conpound, where the
solid oxide conpound is calcined before, during, or after 15 contacting the
el ectron-wi t Rdh &M, RY®, amd BH ancbe feqrenyh gronpeindorda 6D) are indspandenthtHl af 2 absence

of al um,ngxanes, organabor r gt ngs,. 1 R 71 ionic
omoundaaroeasst g RARRE Lo Bk RfSRARRY & AuGRIRENTRRnE N0 ¢ 32EB0 | O €,
in aro ardwrent AetondisgipeR &, REPyRI% ahd R'jindepentientlnodn el catanipsipiverby] gatp a
tenperature fr about 200 C to about 900 nd .for t of 1

i mt e tll?v'é‘ﬁblﬁgggﬁﬁg?fbﬁf’g’.s’s ?%ﬁ’grﬁéa%éﬁ’ atl)lgll %Hg%c eetg%a?thgﬁﬁﬁ’pwgﬁ%g# ature
of frompmhsytorARRyICahd tiablikst BOBNE aspectsy| R'Ey REf RVelayd Rat am ihdeppadeatiyr e of

from about 400 to about 70Q C. | ci.ni can be condyated f@r wt 30

m nut es Pgh b?}m%’ B'@pﬁoﬁ'w’gt,yz&g’“%’rogz'ﬁMt W{iﬁ%{fi’f?hef 8“5683# ZLE hlfo{ur%n.adblghus, f or
exanpl e, ar€ aldepentiei@lyGRor tiityla Foir &dnply, RFOR aRBpindIR ' carstieol or, hlednativety, at  a
tenperature of from apoué 3go C to about 550 C. Any suitabl e anbient

at nospheke RaR bénd Rpl 3988 88¥-ng cal cining. Generally, calcining is 25
conduct ed i n 12 cBnklpRicdIhaNTRE XE hflep&ideftlyasan &t F, CRBrEL, Baizyl ghonhyl,@p i nert

at nosphere, such as nitrogen gon, .or a reduci ng atnosphere, such as
hydr ogenmethylda fm‘ilarﬂ’do%ﬂdgg % 1@3,{?‘ Eé‘nﬁ géﬁ'.nd?ﬁéﬁ‘%ﬁnﬂ}’ ﬁ@}‘gl?%Hd’ﬁ é-%'a@b Bthese ¢ he

present JRVERria9fbctst BE caPbd E‘y&&ﬂeﬂ@l BPEﬁ:‘idh%k){l! StdhAREGIENcA b a DRHERg Of

halide ion, sultate ion, or a conmpination of anions, “optignally treated

with a 3@owphaying dhe, foamulatHENRCARCT nwkerein B dyiCder Shand R apd IRt #@at ed

sol i g, oxi ' f f PEhIIC ULAT EreiRAL] r agRNIE nodyiea&yl, i d

oxi dEeJO rrafpg‘iﬁple}é#n{clgﬁ{’b@&ltﬂ}'fé)aett & @ﬁ’%" gl@o’ recgh’o%xg Gﬁegft;ae(’ (ter med a é'%gdl fating

agent ") , ethenybprerenylf butehydr pehgeriyhrhegeryl,rhegtenyl; o¢tbuyli niinenyladessnyl) phenybour ce
tolyl, or benzyl; alternatively, E* can be a bridging group having the formula —CR™BRPB_

CR'*R"*“—, wherein R!?B, R"B R'* and R are independently H or methyl; or

alternatively, E* can be a bridging group having the formula —SiR"?PRPP—GiR'*PRPE
25  wherein R'?®, R"*®, R'%, and R"*F are independently H or methyl.
Non-limiting examples of ansa-metallocene compounds having formula (D) that are

suitable for use in catalyst component I include, but are not limited to, the following:

t-Bu C O t-Bu t-Bu C 0 t-Bu

ZrCI2 HfC|2

t-Bu C t-Bu | t-Bu C t-Bu.

2’ 3



WO 2011/ 002497PCT/ US2010/ 001842 43 of fluoride ion (ternmed a "fluoriding
agent"), or a conbination thereof, and calcined to provide the solid oxide
act i vat orwoulsefaek49aci di ¢ acti vat or-supports include, burcCams2mmooisym ted |,
to, brom ded alum na, chlorided alumma, fluorided alumna, sulfated

alum na, bromded silica-alumna, chlorided silica-alumna, fluorided
silica-al um ng ul fated silica-al um na, $ed silica-zirconia,

ia, fluorided silidg a, sulfated

silicazirconi a O ed silica-titani a, reated with
hexaf |l uorotit ani ac'gﬂ35|llca coat ed alunln. 8 with
hexaf | uorotit ani J %ilica-alunina treated wnt xafl uorozirconic

acid, fluorided

aC|d, al um na treated
hexaf | uor ophosphoric

pntnorillonite, optionally

hat ed al um na or ot her

acid, silica-d
bori a-al um n 4
wth tetraflu acuj al um na treat
acid, a pillared cla such as a pillared
i i chloride, or sulfa

al um noptBsphat £ onkBLY treat ed tBu tBu i de, or chloride
or any conbi nati f the above. Further, an) t hese activator-supports
optionally can be trgeCied with a nmetal ion. [The CRfgtcal ly-treated solid
oxi de can conpri fluorided solid oxide i e formof 15 a particulate

solid. The f olid oxide can be f
with a fluor The fluoride io
formng a slurry of e oxide in a suitable so
wat er includl Y bu ot limted to, the S
because Li Ey and | ow surf ac
fluoridi dé %but are not 1imMte
anmoni um 20 HAF) , amoni um bi Meyg i-

tetrafluorob@fa : 4), anmoni um si |

NH42Si vhexafluoro hos te
(L2T|F6)Fgé 2 %Q@ RTFFBY

af-t-Buroti t anic
hexaf | uor ozi ' aci/d (H2Zr F6)., ALF3, NPM4 al ogs. t hereof, and
conbi nati ons t hereof. Trlfllc aci d and annonlun1tr|flate al so can be

enpl oyed. For A
g tg its ease of ugenand awailability. | f desired,
eated with a fluc :nt during the cal cining
ng )

fluoriding agen
the solid oxigg is
step. Any fluor g grms, capabl e of 0 q y contacting the solid oxide
during the caMghiyg Stepcan be used?N& e, in addition to those
fluoridi ng agew B \\bed previ ousl A IZle organi c fluoriding

hpl es of vol at »~ra|'c fluoriding agents useful
[ e not limted to, freons,

ontacting a solid oxide
dded to the oxi de by
ent suchs as al cohol or
g.ee carbon al cohol s
Exanpl es of suitable
hydrof luoric acid (HF),
zJ(EIé 141-1F2), ammoni um

2( hexaf |l uorosilicate)
hexaf | uorotitanic acid

agents can be y
in this aspect th
per f1 uorohexane, perfluorobenzene, fl uexe e, trifluoroethanol, and the
| i ke, and conbi nations thereof. 'Cal cining tenperatures generally nust be
hi gh enough tp se the conpound and PD02497PCT/ US2010/ 001842
or fluorine (F2) itself

al so can be pysed WXh the solid oxide if g uori
tetrafl uori dejjgl E4) 2,@31 conpounds cont ai m?rg. t et 3t;l|2tjor oborate (BF4-) also
can be enpl d. z convenlent met hod ofMebnbac Ing the solid oxide with

t he fl uogpding -@E”y % vaporlze at-BLUQs (g{y;gen{Bhnto a gas bstream
used to fluid ol I d "oxi de during c @ Simlarly, in
anot her aspect™—0f tMS invention, the chem<tally eat ed;>sol i d oxide

conprises a chlorided solid oxide in the formof a particulate solid. The
chlorided solid oxide is formed by contacting a solid oxide with a
chloriding agent. The chloride ion can be added to the oxide by formng a
slurry of the oxide in a suitable solvent. The solid oxide can be 10
treated with a chloriding agent during the calcining step. Any chloriding
agent capabl e of serving as a source of chloride and thoroughly contacting
the oxide during the calcining step can be used, such as Si Cl4, SiMe2Cl2,
Ti C14, BC13, and the like, including m xtures thereof Volatile organic
chloriding agents can be used. Exanples of suitable volatile organic
chloriding agents include, but are not limted to, certain freons,

per chl or obenzene, 15 chl oronet hane, dichl oronethane, chloroform carbon
tetrachloride, trichloroethanol, and the |ike, or any conbination thereof
Gaseous hydrogen chloride or chlorine itself also can be used with the
solid oxide during calcining. One convenient nethod of contacting the oxide
with the chloriding agent is to vaporize a chloriding agent into a gas
strean1used to fIU|d|ze the solid OX|de durlng caIC|nat|on 20The anDunt of

L I T Y - T [T I - M I N 1 L I I




25 aspect of this invention, fromabout 2 to about 20% by wei ght. According
to yet another aspect of this invention, the anmount of fluoride or chloride
i on presewmDd 2befmes7cal cining the solid oxide is from abeat/us$2a10/0ed3eut 10%
by weight. Once inpregnated with haligte, the halided oxide can be dried by
any suitable nethod including, but not limted to, suction filtration
fol | oned by evaparatjsg, drying under vacg 3y drying, and the liKke,

al t hough 30 i ® possible to initi al ci ning step i Mmedi ately
wi t hout dryrﬂg1 s egnated solid oxrg The silica-al um na used
to prepare t ~téﬂ Erlrca al um na tf hgﬁ gla pore vol une greater

t han about 0.p.e kg. drng to on Te'Ppresent i nvention, the
WO 2011/ 002497RCTING2010/ 001842 45 pore v s greater than about 0.8
cc/ g, and accg anot her aspect of @ t invention, greater

t han about 1.0 g\LEdrther, the silica- -general.ly has a surface
area greater than about 100 nQ/g Accordrno to another aspect of this

i nvention, t 50 n2/g. Yet, _in another

aspect, LB& atiBl greater than aQg 3359 n2/ g. The
silica-al umppa utx¥T\zed in the present imwpntio ty

pically has an al unm na
content from jut 52r(3|zabout 95% by wei ght\SrAcco CRg to one aspect of
this invent
t o about t-BO<
aspect, high

alunlna content of tH@WSl -alunlna is fromabout 5
£ mQa_y, wei ght. In anot her
ds can 10 enployed, in

ranges from ap to about 90% or fr 85% t 0 about 80% al um na
by wei gh anot her aﬁge ' ¥§nt|on the solid

oxi de compdne um na wt Hcordrng t o anot her
aspect of tﬁ’e\ the solid oxid¥ conprises silica

| fated solid sulfate and a solid
as al um na or srérca alyiyrna, in the formof a
'.hBUIy, the surBry S tBeated further with a

Wi t hout al=qr
oxi de co o
particul%
nmetal ion suCht X
According to one aspect of the present |nvent|on the sulfated solid oxide
conprises sul a i , e sulfated alumna is
formed by-py-
source, for
sulfate. This
alumna im a art
desired £gpCeAtT{

S Q aefgBy th a sul fate
sulfuric acid or a pHlfabe It such as ammoni um
«ﬁ general ly perforpne raqng a slurry of the
vent, such as al mater in which the

P _added. Suitable
e one to three carbon
e tension. 25 According
ate ion present before
) , \ei ght sulfate ion to
about 100 parts wef ght solid oxide. Ac MW anot her aspect of this
i nvention, Phe_arfoont of sulfate ion pré@eq Aefqre calcining is from about
1 to abo Parts BiChei ght sul fate \abou€rGlpo parts by wei ght
sol i d oxide, gecording to still anot syect of this invention, from
about 30 5t N ‘ to about 100 parts by
wei g sol i d\-Qx ese wei ght, rati os akg on t he. wei ght of the
sol i d oxi de before cal cining. Once inpregnated with sulfate, the sul fated
oxi de can be dried by any suitable nethod including, but not limted WO
2011/ 002497PCT/ US2010/ 001842 46 to, suction filtration foll owed by
evaporation, drying under vacuum spray drying, and the |ike, although it
is also possible to initiate the calcining step i mediately. Accor di ng
to anot her aspect of the present invention, the activator-support used in
preparing the catal yst conpositions of this invention conprises an
i on- exchangeabl e 5 activator-support, including but not limted to
silicate and al um nosilicate conmpounds or mnerals, either with |ayered or
non-| ayered structures, and conbinations thereof. In another aspect of this
i nvention, ion-exchangeable, |ayered alum nosilicates such as pillared
clays are used as activator-supports. Wien the acidic activator-support
conprises an ion-exchangeabl e activator-support, it can optionally be
treated with at | east one electron-w thdraw ng ani on

al cohol s becau e of eir volatility and | ov
to one aspect j<s_ i nvention, the anou
calcining is




10such as those disclosed herein, though typically the ion-exchangeable

activator-support is not treated with an el ectron-w thdraw ng ani on.

Accor di ngwoaoamoe4ver aspect of the present invention, treTasRévadeu2 support

of this invention conprises clay mnegjals havi ng exchangeabl e cati ons and

| ayers capabl e of expanding. Typical clay m neral activator-supports

i ncl ude, but = imted to, ion- 15 eahl e, | ayered

al um nosi |l i cg as pillared clays. e term"support” is

used, it is Y to be construed as  akii onponent of the catal yst
ther is to be con5|déW%ﬂ\c part of the catal yst

conposi t i oZ8i2its intimte a i T¥ the netal | ocene

conmponent . corihg t o anot her aspe t of i nvention, the clay

mat eri al s of y nventi on enco etttBlér in their natura

state or tha een treated with var|-w~ Ns=by wetiing, ion exchange,

activator-support of this

i nvention conf .ys t hat have been i =W nged with |arge cations,
i ncl udi ng poly hi ghly charged neta pl ex cations. However, the
cl ay naterlﬁk actrwat or - supports of th|$thye' NQn al so enconpass clays

t hat have been $|0n exz;r ged with 25si npl lts, Zrmél udi ng, but not

limted t0,
as haIingu.

A (111), Fe(ll), “Fe(
agg. nitrate,t-Bu
nvention, the acti\ )
clay. The term p|| ared clay" iss used to réfer To clay materials that have

been ion exchas d | arge, typically polynuclear, highly charged neta
anpl es of such ions include, but are not limted to,
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and ot her I&?@e Thus, the termpillaring refers to a sinple exchange
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cations PH D X01tB002497PCT/ US2010/ 001842 47 i mmobi | i zed within the
interl ayers and when' g ah@lnﬁ%dor%P?c&HQM%&nqg Lor metal oxide
"pillars," effectively supporting the c ayers as coTunn i ke
structures. Thuascordance witheincispget pb thiy medlt@ndcwéysc component beandepmprisy e

t | | | | at t t t
P ARl S DR 0 2 e 2,

R°0f the pillaring material and the parent clay
pillaring and pillared clays are found in: T.J.
5) ,x365-371 (1983); J.M Thomas, Intercalation
aﬁﬁ A. Jacobson, eds.) Ch. 3, pp. 55-99,

X3, S. Patent No. 4,452,910; U.S. Patent No.
»—AR? 060, 480; the di scl osures of which are

jence |n(At) rreg,‘ntlrety

d zn(1l1) with |igands such
oggi ng to anot her

materi al used. Exanples
Pi nnavai a, Science ng (3
Chem stry, (S. Witti g
Academ c Press, Inc.R?
5,376,611; and U $3._Pa

M is Zr or Hf;
X' and X2 are independently F, Cl, Br, I, benzyl, phenyl, or methyl;
R! and R? are independently H or an alkyl, alkenyl, or aryl group having up to
10 12 carbon atoms;
R® and R* are independently H or an alkyl group having up to 12 carbon
atoms; and
R’ is H or an alkyl or alkenyl group having up to 12 carbon atoms.
In formula (A), M is Zr or Hf, and X! and X* independently can be F, Cl, Br, I, benzyl,
15  phenyl, or methyl. For example, X' and X? independently are Cl, benzyl, phenyl, or methyl in



The pillaring process utilizes clay m nerals having exchangeabl e cati ons
and | ayers capable of expanding. Any pillared clay that can enhance the
pol yner i 2s0i20n/e490]l efins in the catal yst conposition ofPCris2@ossesal

i nvention can be used. Therefore, sui3zable clay mnerals for pillaring

i nclude, but are not limted to, allophanes; snectites, both dioctahedral

(Al') andnd aspett df-tRis iSR! In(AMethePiigedeX] MﬂtXZ\'iﬁ&ep’éﬁtﬁﬂhﬂQEreS&ﬁﬂrl Shenyl,
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al unm no 0Ss a al um num catltanla i tat
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present invention, one ,or ngre of the netall ocene conpounds can be

pr econt By AFriingly.dR emdR riadrpardentiy gandse %r‘@%fhb‘aﬁﬂﬁlb RiPRY e Bab ek or a

first pefepd %Bwﬂ'é%}P%le bP oY1t afd IthE 1B STkhé!Bpetts IR Bl R* are
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activator-support Is terrre ‘postcontacted” mxture. The postcont Act ed
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conprise one or 20 nore or ganoal um num conpounds. Such conpounds can

i ncl $ie, nangrylagredepenyl. andithelike: oAt keavhose RER Hily PR RE Ken PoPioRenyl YuteybBA1 -

wher e R%en&n@noﬂ&examid&nwﬂ R0 thvEARM 1 to 10 carbon atons. For

exanpl e,” RC tan be rethyl, ethyl, propyl, butyl, hexyl, or isobutyl.

25Qt her or ganoal um num corrpounds whi ch can be used in catal yst conpositions
di scl osed herein can include, but are not limted to, conpounds having the
f ormul a:




AL(XA)n, (X13)3_m where XA is a hydrocarbyl; XB is an al koxide or an
aryloxide, a halide, or a hydride; and mis from1l to 3, inclusive.
Hydr ocar bwb 2061/00249d herein to specify a hydrocarbon radipcalusgoioopisand 30
includes, but is not limted to, aryl33al kyl, cycloal kyl, al kenyl,
cycl oal kenyl, cycl oal kadi enyl, allcynyl, aral kyl, aral kenyl, aral kynyl, and
the Iike, anQ\Iddlhﬁhhhd%§xa%{ﬂless&b§ﬁt!a51%!tlﬁ@gedlHﬁt&lﬂﬁédnte %ﬂﬁourﬂfs%‘}h@dfonhblﬂear
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and/ or het er oat om stituted derivatives thereof

2011/ 00249 7petide 8eofelipyimegsipiciges (these campopn asapeet’bremteii as MEJdrdb@af by |

havi ng f@milpespr@fily, ifFRanon atoms. In another aspect of the present

i nvention, XA is an al kyI having from1l to 10 carbon atons. For exanple, XA
can be nethyl et hyl ~propyl, n-butyl, sec-bpky rsoputyl, or hexyl, and
the like, in ye \ar cpspect of the pres "ﬂ i nvent| on. 5Accord| ng to one
aspect of the presg Zn&/entl on, XB is arphal koxi deClor an aryl oxi de, any one
of which has from Teeic g, or a hydri de. I n anot her

r bon at ons,

aspect of the prese &on, X8 is n endently fromfluorine
and chl ori ne. -4 her™ aspect, In the
formula, Al( = mis a amdnber fr S , ncl usi ve, and
typically, m 0.1 3 The.v S not rest to be a t.eger;

t heret ore, gthodsy ofit d‘fcmﬁ S‘E%Iﬁl CA RPOrR ‘Eﬁ)ﬁ’hﬁgscaﬁrbe ‘PYCH

or ganoal wmmamat WELRIE GO NAS disclosed EXANN! Ber@ NG GUI83I8Y T nDsBSHNMPOUNS
suitable_for_ use in_accordance wth the present inventjion i ncl ude, but are

not |ini a8, 7ée03f A48 40a ARty Sbhddtkbrsdiscipsuresyafavhish Atsninserperated

conpoundpereifl b kdfdrbleURtHe I BnatekP X de conpounds, 15 dial kyl al um num hydri de
conmpounds, and conbi nations thereof. Specific non-limting exanples of

sui t abl e organoal um num conpounds i nclude trinmethylal um num (TMA),

triejdyl eh4Ry P EJAPONENT n- propyl al um num (TNPA), tri-n-butyl al um num
(TNBA), triisobutylalumnum (TIBA), tri-n-hexylalum num

tri-n-octyl allnnpolymerizafips disegeyseal anih?umebﬁ}ldrlnmhoml thehyatallystntompasionoxi de,
di et hyl a ns 20 thereof. In sone
aspect s, ét 58%%‘% S "?hb"ﬁﬁqqgo%%ﬂ%(fB@B‘r’r'%hfgggﬁ)éfgﬁd ‘?‘EA, TNPA, TNBA, T1BA,
tri -n-hexyl al um ndimx tri-n-octylalum num or a conbination thereof;

alternatively, c rises TMA;, alterpatively, conpri ses EA, alternatively,
ernati vel 0 es TNBA, ely, conprises
corrprl ses tri-nNex Lal um num or a erEatl vel y,

conprises TN

TIBA; altern

conpri ses tr| n- oczr;ﬁal um num 25The ggEsent invention c rrpl ates a

met hod of ct hg a netal oundp%\n\t/h\a@/g &hoal um num

corrpound and a efi n. nonorfer "to ma precont act ed xture, prior to

contacting this recontacted m xture with an activator-support to forma

catal yst co When the catalyst composition ig prepared in this

manner, typi though no cessarily, porti on@I t he organoal um num
o]

corrpound is ad ed:|to t he 30 cont act ed ure and t her portion of the
or ganoal um n mrpound is ad ~Glo_t heClpost cont acted M.xdlure prepared when
t he prec&d m xt ure |s Wt ed V\ﬁslt'h e soli d@ "~

Cl_
1Cl

. @ "~ci

; ; acompound having the formula



oxi de activator-support. However, the entire organoal um num conpound can be
used to WD 2011/002497PCT/ US2010/ 001842 50 prepare the catal yst

conposi t iwo 20r/me49ner the precontacting or postcontacti RGTASE0/001842
Alternatively, all the catal yst conpojyents are contacted in a single step.
Further, nore than one organoal um num conpound can be used in either the
precont aCt¢| or the postcontacting step. Wien an organoal um num conpound
is added i‘aP mJI tiple steps, the anmounts of organoal um num conpound

di scl osed/ﬁer cl ude the total anmount of organoal um num conpound used
in both E e pr ﬁact ed and postcontacted m xtures, and any additi onal

or ganoal u ound added to the polynerization reactor. Therefore,

t ot al am)Cl}ps of Or RN QAd tHETREBr eRYBSiRiof R rébfsCl osed regardl ess of
whet her a si ggl e organoal um num conpound or. nore than one organoal um num

conpound 10i sVitksebe Acamiono¥Ale compadpiaving forma (Dedbese MAtpHeReRON

further o%‘%éhrﬁﬁ%r&llﬁﬁia?éd)ﬁﬁtm@oirﬁﬁé h&lmlml with ABFRVERORE MET-AIA &) MElTDOXane
corrpoun used herein the term "al um noxane" refers to al um noxane 15

conpound&H, sepgstisely dJigse qemppundssan §e pridyeadaismesiny shitable medad.dndsdingf how
such al YR AKANES M € SPP&RA KRG, 7719H r@&@' 52623040 5150V t eadsd(gsgfes gxanpl e,

a catal yst conposition comprising an al im noxane conpouhnd can r epar ed
| n whi ¢ hwkibh ate nanozpesated hgreioliydreferense tm@elp@nt}téhyd:roomtdnw METH- EUFPml b§‘<| de),

in \r/]vggrg& g&a@ar}%q@&fch ?{Mﬁqu? as the conbi nation of an al um num al kyl

corrpou a source o ive protons such as 20 water. Al um noxanes are
al so ref errednfcnmala(MIMih)ZdlooH«ﬁ;r byl al um num oxi des) or

or ganoal unin a[nﬁe gre inde en}agntﬁl It'le(fl %?‘tla%ﬁ.‘é’dqﬁg?ﬁn %lOn cg??pblB& L€

contacted wt A umoBYane i a satura ound “sol vent ,
t hough 8$®3R50\k/l«<&eih Rhat ansalkylbst aungli giohy havergt up otot hl& catlaomt atonss; or a

|nterrre tes pr oduct f the activation siep can.bg . used. The

cat al yo AEeENBE R TEEIP 1 PrBaea Y eRig St r  LYEBTOITEA BPaAl Shi ¢ abl o
nmet hod, kith Bavaignipeto 18)%aiboh bostlsj on. Al ternati vel y, t he cat al yst corrp05| tion
i's introduced. i,nt the poly atio reaior W, t t i sol at

The al uni noxéﬁ’éaﬁ RO ™ ‘{‘?Pé PR leE%lr?r ea}Lﬁ\ ﬁ’gg%tl‘?‘ﬁ o8| m num
conpounda@@kd ﬁ&éwnddnﬂszﬂror%t}fyuf&% @;mdvh@ uplté UL tAtb&BatoMk; Mmage
structures, or, mxtures of 30 all %c i ¢ al um noxane corrpounds

havi Ky the f di it hridging grgup havingthe foms Hogo4 3 hpxeyy vsavineety fiap2 51

to 8, inclusive.
In formula (E), M?® can be Zr or Hf, while X® and x° independently can be F; Cl; Br;
I; methyl; benzyl; phenyl; H; BH4; OBR; or SO3;R, wherein R is an alkyl or aryl group; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group. The
20  hydrocarbyloxide group, the hydrocarbylamino group, the hydrocarbylsilyl group and R can
have up to 18 carbon atoms or, alternatively, up to 12 carbon atoms.
X8 and X° independently can be F, Cl, Br, I, benzyl, phenyl, or methyl. For example,
X®and X® independently are Cl, benzyl, phenyl, or methyl in one aspect of this invention. In
another aspect, X2 and X’ independently are benzyl, phenyl, or methyl. Yet, in another
25  aspect, both X% and X’ can be CI; alternatively, both X2 and X® can be benzyl; alternatively,
both X®and X° can be phenyl; or alternatively, both X8and X® can be methyl.
In formula (E), Cp®> and Cp® are independently a cyclopentadienyl or an indenyl
group. Often, Cp’ and Cp® are each a cyclopentadienyl group or each an indenyl group. Any
substituent on Cp® and Cp® independently can be H or a hydrocarbyl group having up to 18



wherein Rin this formula is a linear or branched al kyl having from1 to 10
carbon atons, and p is an integer from3 to 20, are enconpassed by this

i nvent i orwOThe/obkRD noi ety shown here al so constitutes Pha/usepoadbisay unit
in a linear alum noxane. Thus, |inear3sal um noxanes having the fornmula: cl 5
wherein Rin this formula is a linear or branched al kyl having from1 to 10
carbon bR ato?rﬁdopalieﬁ)aﬁ%lk %@Qﬁﬁsﬂfnfeﬁmaqa Ye® 80a hikirScadthyd %r&ﬁ%ﬁiﬂ?%ﬁ@@ by
this invention al um noxanes cap have cage structures of the
f or mul a 1R qurbquamgms o APORSOBY suhm@rs@ﬁ PnREP| anda Coe mayniarlufe Abathersforp thinched

al kyl My SnhiBred HERRE OBt dRY drbShdestyl2pfHidif|0daRFatkd near O
br anched R%ﬂglﬁwg’;%s%g Eavfjdn% Trdrgr% I’gto 180 car f)oalrﬁgatomg yl’pl S gggr 31 and

i s equalindepyhmidthe likppom + no(4), wherein nm(3) is the nunber of three
coor gy nat & al g HHA! eFB and’ X Faye!nd shBGnMAD StheOhad Hsf %ﬁ&%ﬂmﬁ%ygen
atons, and nom i s b coor di nat e_oxygen at ons.

al um nox(me@g WO whstﬁmtmh@nmmb}aehndgmg munaf alwaslpﬁvcoaqpe@; €b’'omd/ooCpt he 15
pr esent nven |on r I S 1-0) p,
(R AL oA ot i, SRRty dp 280K Bhsku IERBRN® LD o AP D
| i near dlydtncmbyhgduﬂaﬁfg a tole caghmnterss, vethhas) forek«hmblfp, anablmll glkdmyt, wF

pent yl hex

accor danc%1 &t pK 3{%’ rr%e:{geern pect 3-’1 %%r@png nuﬁ)ge ut” té”roesuh‘q‘t{ ﬁms al%&JecTce

met hyd al snmmwnaﬂﬁepeatlémlya:laum ﬂhxmanl@l anhyp,rmmyﬂ,aulmyn pamdigexyl, heptyl, octyl

I SO-prop m_nox 20 butyl a oxan | al.u oxa

soc but yitbimyPHeREA e SuieEY. LRSS BRRESHOE o el Bz

2- pentyl ahlwnnrkﬁxarhepec&r &Kt sdbaﬂltliéﬂt fi@dé@ﬂﬁ],enﬂl}s C4EbE Myl Nethyoxpropyl, butyl,
neopent yl al ug1 noxane, g the |i ke, or any conbination thereof.

Met hyl al GREY gmgnyl,equﬁw PURSYSYane, and iso-butyl al uni noxane are prepared

from trimet hyh &dohma Wy E°ti b 8tifyih@ btodp HWﬁg 186 frinulaSopotiy)| 2l WkbIN is an
respectively, and sonetines are referred to as 25 poly(nethyl alunm num

oxi db), BEES(fEanmyto &) mRlsYen Bhe Baeer meaR Bsol ¢ P BuPy8 o dsprrtsodi this) |
respectlmeénﬁonlahteﬁﬁu@é@q d%BQBMtShé‘r(f—‘%Pﬂ?enﬁfuv&l?% EAMRMdr@D to use an
al um noxane in combination with a frial J cyl al um num such as that disclosed
in US. Paternangspegt crfghlsowntlpwc%r@ér&tledomm@(m igdependeatly sarbe K, Ch s
entirety t Csh [RERS p and
gin theBraIIulr)r?nr%1 gneag’o&ggbr%ﬁl T ﬁ%fng %éegngr%%g{%% 0),. TA%TQ%@
respect i nelusive;| o1 altematizelye ot ean be éné, é aré atAddisignally, gp® and Cp’ can be
2011400 I e

or gatoal URUSRSEER SO0 houd or IBNRER I LRRADEWRARLROL, SRfickilCe | o
vary wi tbridgirg gompgl e«lm;rqmlvelyon%\hnmefandapendeaﬁwl nsiwddw smbmjutnmmmrmleoir
or ganoal um n ont enpl erei,n rin

at ed.
corrposM'iW(?nsug’S%P smaﬁx gﬁseaﬁu R epetnﬁ%nﬂ% ra f’roagp'%fqﬁar otugl nol es
of al um miving wp td1&0 @hrboh RGNS Budhois, dbmmaﬁmeamml)yl tethytl hmopyu adltylmiemsl of
met al | ocene, co oun inthe c osi tion | bout 1:10
and abouf® xlbg R%‘Oo"lty e‘é‘/ﬁn‘tfﬂ%‘?‘yggﬁ Ryl pet“f‘Fé‘ g?‘?t%/}‘y? ylap “Hyge from
aboups 5: iyl erabgyt. 15, 000: 1. Optional ly, alum noxane can be added to a
pol ymeri zati qQn zoneln ran enﬁéromabout 0.01 L.to ab0|]1 % /L from
about 0.1 ng/Norrlmifing gxa metalipogng oiampgupts kavigs (foryla dEag 3t 18 mo/ L.
O ganoal yix.he¥esinCARIREcHRReAainbMdY, Bhi K& fotlinditRdb RS follswaigp| es of
or ganoal um noxane preparations are di sclosed in U S. Patent Nos. 3,242,099
and 4, 808, 561, the disclosures of which are incorporated herein by
reference in their entirety. For exanple, water in an inert organic solvent
can be reacted with an al um num al kyl conpound, such as




15 (103Al1, to formthe desired organoal um noxane conpound. Wil e not
intending to be bound by this statenent, it is believed that this synthetic
met hod cawoabfiamwedsa m xture of both linear and cyclic RPATAG2@bomsADXane
species, both of which are enconpassegs by this invention. Alternatively,

or ganoal um noxanes are prepared by reacting an al um num al kyl conpound,

such as 3A1, with a Jr at ed salt, ch as hydrated copper sulfate, in
an inert ni ¢ 20sol ORGANOB NOBORATE COVPOUNDS
Accordin @ another aspect of the pre i nvention, the catalyst

or ganobor at e conpound. Such
nds, borate salts, and the |iKke,
e"J @grgano bor on corrpounds and

Any fl uoroorgano boron
ilized with the present invention.
that can be used in the present
fluorinated aryl borates such as

conposi tllxcan conpri s¢

conmpounds>Acl ude neutra
or conbi n@ t her eof
Rate cony

N, N 30

di met hyl

tetraki s{jger}l af I uorophenyl ) borate, l'ithiuntetral cis(pentafluorophenyl)borate
, N, N

di met hyl ani | ilni d¢cdrddncal witls [oaeEasbecs(diﬂ the | pregentradvention) hanyyst hofpbeent ril phenyl ¢

i xt or o<erREFGONE Tl A RSk b MU SO YR B0 e Ry g o '

f 1 uorporGgrREembinaLsh hEEPO U dscorduate wih aﬂnﬁhaﬂaqﬁce@f thoprésn@inyeition] ¢atdlyie

Cr o perfoaPPSt Shremispbapein-E Vg, MG Mg st angammeoust dayng or on,

and the folritda (EL dF atlyUssbihdidh 8RéreofN 1hastoRianed withtyRhdhétllerd &pb@ drompd by
the foll owi ng theory, these exanples of fluoroorgano borate

and
f 1 uor oorRJassat %P@Wncﬁﬁ%]dﬁfnﬁfgnp@e@nﬁ GogpaiseMEIdunds, acﬁ?‘éaftcﬁo‘ﬁ’&htstﬂtlo form

" weakl y- &1991@9“ g,?eu G theNprRtht WHRAGHEAMBIAGE Ynk neﬁtgﬁn%;ﬁ{aﬁdes oUETEl-, | ocene
conpounds, i scl osed in U S Patent 5,919,983, the disclosure of which
is i Hl:oraét?@atl@iy hepmprisesy MIEF-BrGn cdteinatively;  eomprises yMFi\"pgﬂ? c alematgichp

cont enpl &E@ QMEP8I- fal@nﬁ%%’lg’co% ribsSMRPTIRE, alge?rﬁlﬁ%ig #@f s BTG,

bi f uncti onal conpounds cont al two or nore boron in the chénical
st ruct uraéterr@umiy,apprmbnsesl MEEdl-th 011 altgxmatively, GhrapriseSa compo@@ibhaving7iormyla

14756- 14 the content of which is incorporated herein by reference in
its entl(r ty General |l y, any anount of organoboron conpound can be
used. According to one aspect of this invention, the nolar ratio of the
total. no n or organoborate conpound (or conpounds) to the
t ot als no‘%*@i“@h@%%ﬁe conpounds in the catalyst 15 conposition is in
a range fromTeopreset Invention @hcampatses lvaribyicatalykty coxﬁﬂitmtmi’m Wohtabfing lae

fl uor oor ano boi1 nor fluor oorgano boi‘gte con‘goun used is fromabout 0.5
nol es t o 35‘39& h a7 Be 2 ety BiOBRYRREH A Tk ONeSSRRStirtRe 358V AIRGTUPPET CRBPLI Bcene

conpoundgefmicatiphgsitd GORPORRIBE  Alterdadvalyy She GaRRRBHEBpokt candbsnpriyy Dtiagr
nmet al | ocene conpound(s)). Accordi ng t o anot her aspect, of this invention,

the amouRinee. 3 PUBFRIoTIgA S BEPEACDFIaN HbEEORESHSIoRUEd 10 TBMSBEREC s from
abougq 0. RatR! £IayeRdAMRMEe MinkR.EH nOHf-1HOCPRIRAL FhiReAD BPRYEIEH PRIniNGIIRatef
net al | ocene compounds. | ONl ZI NG | ONI C COMPOUNDS
mineral, a non-layered aluminosilicate mineral, or any combination thereof.
Generally, chemically-treated solid oxides exhibit enhanced acidity as compared to
the corresponding untreated solid oxide compound. The chemically-treated solid oxide also
functions as a catalyst activator as compared to the corresponding untreated solid oxide.
25  While the chemically-treated solid oxide activates the metallocene in the absence of co-

catalysts, it is not necessary to eliminate co-catalysts from the catalyst composition. The



The present invention further provides a catal yst conposition which can
conprise an 25 ionizing ionic conpound. An ionizing ionic conpound is an

i oni ¢ cormpound/Mkey can function as a co-catal yst to enir@masS2alo®0mari vity
of the catal yst conmposition. Wile nog7intending to be bound by theory, it
i's believed that the ionizing ionic conpound is capable of reacting with a
net al | oCRAGHoR R FNfe aaRMRIsipbrt BevidRh@in! B6 VARaricBd Qe SXf cakdlyse
cationic netall ocene conpounds, or incipient cationic¢ netallocene_
conpound®mpagitiethas vhele. Ssompered 12 & Aeiplie compPpEtigeANPingS teesFgsPording s

bel i eved,0ataq t8if1 5:Q8. 2%l @NitGs GORIvRY Mht GRNcHMRCy AR sBIid oRAEZhAT
conpound by conpletely or partiall K@ext racting an anionic |ligand, possibly
a non- al fiendtioanygs an gaiivptors reyent e thetasemse eple anHovRepealuminye [OAIPRYNY i oni ¢
conpaundyyysinalhnds ok dabrof br GRatidblofthy/ SdmroRHA Hnfsise RhicdglHBRAds! ind de i ONi zeS
t he rretgjlilolgenél, V% 2011/ 00249 7PCT/ US2010/ 001842 54 iacbs?‘{rpgctsS ali %and in
a fashiodfkeas to forman ion pair, weakens the netal-ligand bond in the

net al | ocene, -§i . SAonALAgt toa ] . Qr -hvat es ocene
by some. of her TEoRieiARRIRRR £ha' Guifl (o2 36H4 AR wb iRy R DS

i oni ¢ cosipptronavitadtawieg gniotheWhele abt intrading %o bobpwdrig(thy fadlewng stemenstitvat i on
funct i on of L1 P{?,P hnd QP! e SOEPAWN &ﬁﬁ‘ ﬁeelgéﬂo%mkhdﬁihgecoﬁ{abﬁ ged
activity of catalyst conmposition as a whole, as conpared to~a catalyst
conptki taugmehthat ediamsesnthe acidity aif nheaoxidonThus) githeyrthe agoapowwgportbexhibits es  of

[ I Zi ' ' ' | ud but tlimt t t he fol |
compoundkT POREBTRE PSRt IeResty Bhen @ fief B ey pedinaheted fsislety ' "
ammn: gmhg.ﬂfiteéa_teaksbﬁd m{ﬁg@Jqﬂﬂ;d)ﬁti&tﬁtﬁt-sﬂppblﬁ hasl)&lgltyﬁhtl)sﬂﬂm& 6ficid sites than the
tetral ds(2, 4- di e orate, tri(n-. um .

Lot raki streaedisolEk ayIBAERYH) S dohod i i sk o eatvallrepisd 5
bi s(trifindodreeicd\sbli@ e hitefids @ by rdofmpating tHe) UIFRdtizdtidn activities of the

t et raki s(pent af | uor ophenyl ) bor at e, )
15 t(repated and untreate% ox? es Ln&r acig catalyzed reactions.

Chemically-treated solid oxides of this invention are formed generally from an
inorganic solid oxide that exhibits Lewis acidic or Brensted acidic behavior and has a
relatively high porosity. The solid oxide is chemically-treated with an electron-withdrawing
component, typically an electron-withdrawing anion, to form an activator-support.

20 According to one aspect of the present invention, the solid oxide used to prepare the
chemically-treated solid oxide has a pore volume greater than about 0.1 cc/g. According to
another aspect of the present invention, the solid oxide has a pore volume greater than about
0.5 cc/g. According to yet another aspect of the present invention, the solid oxide has a pore
volume greater than about 1.0 cc/g.

25 In another aspect, the solid oxide has a surface area of from about 100 to about 1000
m?%g. In yet another aspect, the solid oxide has a surface area of from about 200 to about 800
m%g. In still another aspect of the present invention, the solid oxide has a surface area of
from about 250 to about 600 m*/g.

The chemically-treated solid oxide can comprise a solid inorganic oxide comprising

30  oxygen and one or more elements selected from Group 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
or 15 of the periodic table, or comprising oxygen and one or more elements selected from the
lanthanide or actinide elements (See: Hawley's Condensed Chemical Dictionary, 11" Ed,,
John Wiley & Sons, 1995; Cotton, F.A., Wilkinson, G., Murillo, C. A., and Bochmann, M.,



N, N-di met hyl ani i niuntetral ds(p-tolyl)borate, N, N-di net hyl aniliniuntetral ds(
m tol ypborate, N, N-di net hyl ani | i ni unt et r aki s(2, 4-di net hyl phenyl ) borate, N, N-
15 di netwol2anidop4s7um t et ral ds( 3, 5- di net hyl phenyl ) bor at @CT/US2010/001842

N, N-di methylaniliniumtetral cis[3,5- 3§ s(trifluoromnethyl)phenyl]borate,

N, N-di met hyl ani liniumtetral ci s(pentafl uorophenyl)borat e,

t ri phenyd sankeaningfBahRt CREMARAP- 60! BDP WildySntelstieRe NYOGRT DY éldinple, the
tetralds(mtolyl)borate, triphenyl carbeni um

t et r aki SPFgAUGPFde FAN comaise PRYEcataad ap clepisata gT elsmpith sslerted dicak b B3 Bs.

di met hylgheavto BOIEL, Fe, &4, IRNARYMoaKP8BI $iM8n, Sr, Th, Ti, V, W, P, Y, Zn, and Zr. |

tetral ds[3,5-brs(tri’'fl'uoronet hyl) pheny1 ]borat’e, 20 tri ghenyi car beni um

t et r al ds( pentSaitthloexspintasyafl selish extide mateady P comporngsthatsanbe usod|ty fsmthe

tropy i %@%@W&Qﬁdﬁoﬁiﬁ'o‘éiﬁkt?ﬁcfl@&eebutta'i&mf hii#@ to, AL,03, B,Os, BeO, Bi,0s, CdO,

t et r aki phen orate, tropylium ]

t et r aki s¢B05-Ci@etCn, dieePy G0 dtae0s, tMagsi Mo, NiO, P20s, Sby0s, Si0,, SnO;,

t et raki , i rifhu I I £, ' . £
tetrakis réé?% at ﬁfjozr (K)]f)?sé %@%@gtien@ ???zﬁ.%&r)nt_h%ﬁe’ 1ﬁcﬁ19i?1¥é ﬁ]%h omdfes the.r?o ’

t et r aki sqndeninbinhtians ddreofy [Fpb exampde, the solid wridecan egrhpnisg|sBiseaalemingj sikdagm

ot ral or g, YRTAR ineultbll MEMLGRORERIT Ierolo AR Rt PP ony1 )

oratH) |maguesimbods,rzafd axidepmiredtogides therenfnot ey @kibsrapemthefdofior ophenyl ) b

orate, sodiumtetraphenyl parate, sodiumtetrakis(p-tolyl)bar di um
tetrakis(mt h&?ls)oi}groé‘@%/og@}ﬁ &’%XCPQ?‘} E e f‘%étrﬁ%ﬁrﬂ)%seﬁ?/% %gorgl’é1 Zr,?a’sodi um
t et r aki s{mdix&t ckiget bpmhprlnads theteof atich, assglidacuturhimb r &fd comitotaioat end pottassi um
tetrakis e&% a%uor.og?en. | ) bor at e o{lassllum et.raphenyl borlat e, ‘ﬁo 1

pot assi UEE: r APEISERET GRYF EPaTES (b 28 STIAIPLIGH B TRHIS of iR'e,

pot assi UsRetn@al phds{ %ith-mékenmih he ARy lcpibinad evithoeNy@es itdiform a solid oxide

tetral ds(3, 5-di net hyl phenyl )bq(igﬁat e, potassiumtetr.afl uoroborﬁrﬁle, | ithium

t et r Bki sYopERrad | Eionminoh iy axides dabcan beused e AcH X NETPPAT QhPRRTSE™ | i t hi um
t et raki sfpPerioh YRAIdE B dlethot liinktBll t)silied-Alakinm( ldOfitthi) ilkvaiAidbsa, Aeblithd, UM
tetrakis(2,4- WO 2011/002497PCT/ US2010Q/ 001842 55 , _ _

di met hy| YASERY |cjayl mingsals.c aluming-titgia; phwming-groonig; wncralpmatsy SHmiAd-hea%, | it hi u
m tetraf J;iii'&[%?ilaymﬂ%ﬁh&?ﬂétélﬁﬁ&,rtﬁlfdié&il?&ﬂia?%ﬁd‘EHeQHJ&.e e sdhikBxRRt ST §igdi um

t etraphenyl al um nate, "sodiumtetral ci s(p-tolypalum nate, sodium )
t et r al ci iyention|ajspaangernpasses, oxide materials such as silica-coated alumina, as described in

S Qdi ef] i ﬂlt?x&%’uﬁh@%@ﬁ“by bé’gﬁ’dib’ﬂsl @} , 't'ﬁg cf]?ctlc%m%qgimheig § i(;po%:{tgd hedéin %y
di net hyl phényl)al'um nate, sodiumtetrafluoroalum nate, potassium

t et r aki sfeferercair itsomtipieny| ) al um nat e, potassi um tetraphenyl al um nate,

pot assi um t etxaki.s(.ptol yil )al.um pat o] i ol.vp |, hate,
pot assi um tetir:héa’l %lg% ,nﬂvypﬁg%%lp ﬁy‘foﬁwg’iﬁ‘g‘;ga‘%%%ﬁ%a eaF q}ﬁ‘“{)? g@i |(°Eﬂ n(%et g%ﬁr g{?llﬁg&

(3, 5- di mednipohath el incadasesi thal.eyis po Bagsied aridiy pfithe wolidediderupreat teatngemtl (ashe

| i ke, or conbinations,thereof. lqnizing.ionjc co nds ful 10.ip this
| nvent | ofPTREE 8¢9 The catfedtiis ad dedted ih b edsnope EReroT NG e gk
conpesindacakdingl tesileaspett on thel. presemahesitionNabe elbctinnbyifiidavaing cbmPhienOid&n t he

di scl osures of which are. incorporated herein hy reference in their

ent i r et ySle@HORPY! dmﬁ‘gnliﬁﬂr‘!g‘gtf{?r“btaeﬁﬁr @%@f’anf’é ofhr‘?étcoﬁlgﬂ“rgie s ﬁbf”%ﬁed with
cat al yst yvoe1® 8fdahic @Bpaitd, Bt YdFedsi s atso@ide Bf Prebfs@SoPthat &tisn.| Pxalésst
typically include olefin conmpounds having from2 to 30 ca,rutj?n %ﬁ%m per

mol ecul eclasiepniyatiidvyving anions ingude, druérarningt YBUSH dop SHERS THF 2% VB BN
enconpas ghsda0 MBRNNLTENbdiad,| AMokSARRES Sudistiondle,2 pHofiHat, OlRbioBhsPRite,as

et hyl ene or propylene, as well as copol ynerization, terpolynerization,

et c. 301 etiifluronectatei fiflaga Buasesisgonate, wRspiitanalg,  phospho-wpgstatgnandyither dikent

ol ef | i CcARRRURHnEQ anX BltbiRaridnlCmERSH! L RN | GG FARO| ¥ MRérdionic
terpolyners, €tc., generally contain a major anount of ethylene (>50 nole
per cent ) campbuadsithatoerva s aourcasfforcthessetpamon-pritbdrayinganipag elsp cin be evenlgyedt his i s
not a regquir " o] i ene often
nave 1 1 off e PRBly nEREBRC s Toheibil it in ARG AAnk ghlin BT 10 01
polycyclic, termnal (a), internal, |linear, branched, substituted,



unsubstituted, functionalized, and non-functionalized ol efins can be
enployed in this invention. For exanple, typical unsaturated conpounds that
can be powvorerii@mes7wi th the catal yst conpositions of thiPSTiuse@)13m2

i nclude, but are not limted to, ethyiene, propylene, | - butene, 2-butene,
3-nmethyl - -butene, isobutylene, 1-pentene, 2-pentene, 3-nethyl-I|-pentene,
30 4- mejahebmptise; maﬁwehloﬁdbeaeemme Bhdipidd) ariflde,- BIOQN AL or JulithlYdmd the

- hexene, 1 - heptene, 2-heptene, 3- heptene the.four normal octenes (e.g.,

1- oct endike, P ‘éﬁi‘i’bIWﬁé eTERfy dih sAMe ppECts jof i, BveRTioH o L ST asRREIStthe | ke,

or m Xt WiksohwithtRwig GR6E @h (dMgiRe GAMRUBESIatEY AhdridedRAIOBHE Y Blohkded! ef i ns,
i ncluding but not limted to, cyclopentene cyclohexene norbornylene WO

2011/ 0022¢j¢pCiireranifatys dhpmbprate plnspAt aflpesprRlospiite. t HEupopestatey| EHlatean be

POl YT | fiRth AoheS BlbBEEAnABANE meﬁinaér@mye@fﬂbﬁhm th&estTpl oyed as a nononer
in the present invention. In an aspect, the olefin nononer is a C27 C10

olefin; al terma@,lfvrequmptehﬁle@pevth-WMrg ;ichemaically-grepted splidgixids) hsysilm/el 2
the ol efy
e ole &ggimgﬁg&ﬁ?és}ﬁﬁ Qﬁﬂlleg)F&?nt‘rfW}ﬁﬂorﬁcaﬁ%g%r%gﬁEorﬁﬁ eahécﬁfd@&%fu a

ter p0| yne I N nobnoner can CO or exarrp
et hyl enechiarided eluyinas dromided hlupna spléitgralnminad ﬂmrndedanhqaeagmnméﬂmnorrer

Accor di NG (,Ia%hﬁ’l[;liga a%&?&edoglllsaiulﬁmirav & dt&f' sﬂlffahauﬁ!lr?af 'fﬂxo{'m(%lp WHika- HP ornﬂle
polynerlzatlon process conprises ethylene I S’ aspec exanp es’ of
sui t Kbl echdxirdf:d milica-aivermee brornided tadlea-zmwarselfamt silitartiradia; dluopdedpsili@ne,
1- but eneg b t e

2. pent ortatis BFRES AT bt qoldbfoa BB LK RAE prboBSRYMer:
3- et hyl -cbatelh a}mmm, add therhke,rm coﬁlbhmpomsnhqrecﬁ- Iﬁmpxnm@spects olxt ®nigatodtsupporne,

t dth t h t of
Che or ccsRPstn, Bupndsl” s Bhirte o RRHLA: s R, pleaEd b Bta! SOBERRRCT ©
1- hexenecombn@ést slfated bhdneﬁe néterratiyel g nmpoisesafiyoridedriilidatiuaiing, htéraadvely,

15Ge eral t he &n conDnonEr |nt oduced.intg %ki for zone to
or od ety RIRET LS P B BrerB oty o BSsEs S A BRI of t he
COWDHOWBz{lteEﬂﬁ%iy QBm ?)Hﬁestcﬁloﬁhed\ﬁhéﬂﬁilrd@ﬁlai S lRBAGVEY, RAPrisIdERT silidccor di ng

t o anot her asFect of the present i nvention, the anpbunt of conpbnoner
i nt r oducatef AlUgIBe-r eact or zone is from about 0.01 to about 40 wei ght

percent CONDNORE hasPsush-with@rdwdtid | copbidit Qmpries MPRAREsT aRdekbron-
comononer. In still another aspect, the anpunt of conmonomer introduced into

a react ovithdssreing gnipp.ghe SeHRATIOD. of catipnaefdhat salt capsbeyselectsdreameny eatioRdbasr based

on the tafedks tﬂ@éaﬂ b &kt loh @eé&ﬁ;%@ﬁacﬁ@&'ﬁﬁ%%flﬁﬁﬁ calgi‘ﬁfn IRAcRROh&TictAs Pect ,
t he amount of conononer 1 ntroduced into a reactor zone is fromabout 0.5 to

about 20theuswigphility ef Sermarticutay rsolm senmesda svpreenter st electigaiwithdrafing laeionpnoner
and CO”D'HQME ‘bu ?u X eg‘i‘nﬂféh tb“&l St 8¢ BE s @?%{‘ﬂlebdfesﬁéﬂ So é&éﬁ‘?%éf lackgr €

branched st or fdnc |ona |zed ol ins are used as reactants, it
is beli ea.de'ekse teactivaty sff ¢hei o:atnbn neir-pmoes cffaotsi be‘p@de theredfion arsl amien;, hygroscopic

polynerlzc ro ranched [ c [.t.4.0Nn of. the
ret i ronets BRREEEGimd Mtk ME R0 and BE0RE A ShbTeP RSl e Mot "be
expezsi edEtamphésrod editableccati@@dh itl@rsalt of thleelewyn ithdrating aﬂﬁﬂ&nﬂhdﬁ‘, butt are not
substituents, situated nor. roximte to t car ban- n bIe bond
R R M S T L S R e M SR
mononer / AEFH{GEY),J sandliiiiene, so the pol ynerizations are either a
honopol ymeri zati on i nyol vi ng ? et hyl enq 0 olyn%rlzatlons with a
&4, eI

different acydrthen ¢ l}aE°“St 8t pn mpret Qﬂ?ﬁéﬂm g therawing, agjons, in
subst i t Wdeging PropUiiodE) Thih betusel © teildrihe pecidid AbiditpBf t}{e%ueﬁbﬁéu‘;sﬁért to the

30 desired level. Combinations of electron-withdrawing components can be contacted with the

oxide material simultaneously or individually, and in any order that affords the desired

chemically-treated solid oxide acidity. For example, one aspect of this invention is



WD 2011/ 002497PCT/ US2010/ 001842 57 conpositions of this invention can be
used in the polynerization of diolefin conpounds including, but not limted
to, 1, 3- bwDadieme497i soprene, 1, 4-pentadi ene, and 1, 5- herativsa@o/0Q8FALYST
COMPCSI TI ON 5The present invention emgg oys catal yst conpositions containing

catal yst conponent |, catalyst conponent Il, and at |east one activator.
For exang|foyidg vl ®r 330E Clectrdn-SHinbARS: GRbA e Cofpesidsi ANwABr GRAPT | se
cat al yst corrponent |, catal yst conponent II, and an activator-support

(e.g., dScpHEpFEHICpe sERt ed sol i d oxi de), while in another aspect, a

sui tabl e cat Ghn¥S c?ng%szz}ﬂﬁlbtdf%ucrpa r&gg_@sy Michal a{enﬁéauwaa@a%ahd loxide a4 al yst
conponent al um nox .g., nethyl al um noxane). Optionally,

t hese caxr%na;bdtls 09 fllowist |ao€f¢£€°t9dr$0h@|PﬁlﬁerorG@ﬁ*brﬁaQ@ eheoligroxidssis septastedl umi num
conmpaun t e d

pol y?eﬁ‘ﬁslﬁﬁ%‘&%'?&@?‘é ﬂ‘[cégpo 1{/%?3?‘% &aﬁg@ﬁ{b { hbza ﬂrs# %#ﬁg&vg{r}fg{sil of

end- use rmppim catdlgnsl afthheo atatagsd vitnp opend wlctrgnwvithirageng: anips sowrsed
above.

cont enpl af@g&ﬁgt%gﬁt \é%e%ftsh[darﬁg ésthgéeecrﬁﬁ@ tg%qg%hﬁ%lam:éﬁmﬁgﬁg’f? anltrg?lteed bri dged
met al | ocelié omiepohmhchmj/pmcessatlml ﬁst apd rpooné relecirbn-vathdowimg amomspece han one
net al | ocene conm g {he &jﬁ'lerentcom nifdtsal | ocene conpounds - ot her

t han thoé’glp%réélc?rf edelfhﬁr corrpone or catalyst conponent Il - can

be erepl oyed iAtcoidingCat amlojmt aepmpos tltel fresean thveutionh ¢éhepdieymimlly 2ebhied rsolid ocess,
provi ded at the addhﬁglonal qc e co dgnﬂ% oes not d%a?ra t from
Phe. 20 NSk FOTRESS 52l BRSSP A P OB MASFE: P PRHBRIORE, v at or
(e.g., nBéRartidaskias emartialy,atthdt- Sdlpmeﬁlicallﬁ-treﬂéﬂ)l wiah | ol éléctiin-withdrawing
activator-support and an al um.naxane, etc.) and/or nor han one

or ganoal %mpﬁﬁ‘%t B BHARR! It?ﬁteﬂﬁvﬁb F‘?“Z‘)eed mCF“dmg %tf’g“fayté’tm%tﬁln‘BB% i%fi ons of

the presgRdr nhei RBhthRThpCoRdpEORER! INvR- lﬁﬂl‘hﬁé yeimplarganahétal or maildby ficluaenponent
I, and at | east one aCtI vator. For instance,. the activator c%,ggconprl se an

25 abY i véRGornigkshpyadiuh R GFe OBRSIoFANINTA Nt BARRIHL, BRIYEdenum

or ganobofiabRiumO AR Y 1ikéMor! éﬁ?ﬁﬁhﬂﬁné Qo C OBRRIP, oy tick@d s8lid any
combi nation thereof. Accordingly, the catalyst conposition can conprise
cat al ystoxdssyibatetontain agmetal ?Tsme@bhﬁib?i’éhlﬁell?“t a5t @0t Hmated jtes ghderided Finsr t ;

al t er nat Hclalaealq aliNSimprmpeaent |1,
cat al ystin%é%r%%tﬁgﬁﬁnﬁg% %h%ﬁﬁgﬂgﬁnﬁ E\%@ eﬁgo ou?\dﬁgoarfdt%gr rllatll vpgl t he

cat al ystalewimp,oshlorided czam Boregated | sibcasaumingst uoudtpb rrénetimpregnated | §xh<ta-
conmpghen 19 te C I

ot efhar iubing. Yl AARPRRLAR BHaD WRRALE S AURAHAE) oo zine |
cat al yst almnnmteneﬂufateﬂi zna:raluramateomh-cwgted ahinting gegsaliwith hOpifiuoraditanyc, acidie

cat al yst n.f er co a r gal.um num co
2011/ 0024@“’}"%‘?‘1e %ﬁaﬁ?}] Egmc an sugﬁlgeéglgg%&e%ke at APy Cotmrq:%%a?ﬁc))om tions
of the pmesefit invention can conprise cat al yst corrponent I, catalyst

or ganoal i niPCBBBLALHRGPar P doit SEREmaler RGP mel oo B Boed T i se

f1 uops deglemdbd! by Nahick heObkideds @bmtadtaR withr £ etk dodrcelNypizallys dl faht @dmatalini na,
fluorided silica-alum.na, 5 chlorided silica-alum na, i

m ded .
si | i ca- afOREAIHAE camppquRd.cah dnqlyde, buy)is Rpt Jimited) t&o%ﬁ“&@d%‘ﬁ?‘?ﬂ%il“ﬁ’@&ﬂ?té’“ of

chl ori deghesédnpond lohOHother, 4rnANihelafite SiTf idediredl fHeOmE@l-condihiag @mpound is
silica-zirconia, fluorided silica-titania, fluorided silica-coated alum na,

sul f at edadsied it ot ippegnated) ipiei the solisheidm it siution fpen.- and AubsrauenthYi GORVET¥Ad t he
like, orgofpi 'sﬁﬁotohg({‘ ﬁleEaIi‘ Gp&PLalcififg] 'Ac@&ﬁinp& tHe RB1i@ idRDRR SKTa¢HM farREROUNd

can conprise trinethylalumnum triethylalfdm num tri-n- 10 propyl al um num
tri - B0 bucompaise ainkatghseleeted Somuaind, dtaniinm migkel, vanadiuge wijves| ¢apPer g§llium, tin,
t t I d

- noct KhaldiMdiiHaoftin sa%qﬁevheahm&gﬁqug oflfhesdnelaldy |k WEAYEN ADRXT O,

di et hyl al'u orlde and or conbi nations thereot
often used to 1mpregnate the solid oxide because it can provide improved catalyst act1v1ty ata

low cost.



I n anot her aspect of the present invention, a catalyst conposition is

provi ded which conprises catal yst conponent |, catalyst conponent II, an
acti vat orweueppane497and an 15 or ganoal um num conpound, wreTaisSeomhis4zat al yst
conposition is substantially free of gl um noxanes, organoboron or

or ganobor at e conpounds, ionizing ionic conpounds, and/or other simlar

materials; akiecHaf dN& dn be HeRERWith fletay sdifs 8F mefal-8bitATh A %kBMBSiinds before,
al ternati vel y, substantially free of organoboron or organoborate conpounds;

or al t erafigniov et the sayptima that e splif oside if tgagnd withe ieleqiren-BihfeWHESNIM t hese
aspect S’Fotllt] E }ééﬁta&@prﬂ@ﬁlB&O h&%ta%f’éfi%i&%he 2t &bl ¥nkpound, OeIP&roﬂ' scussed
bel ow, in t ence o ese a itional materials. For exanple

cat al ysth@tdmmsg tapion, aid theemptakinanis typigalht ¢adeinedan Adtemativaly.ex selid P@Id? y of
cat alyst, GOIRORL e fron- gﬁ&% %&BP%E t ble th%”m@f}ﬂ I @t&rmwpaﬂl%mngnd an
or ganoal um num comnpoun & N no ot e€r materials are present

cat al ystcompopumkare contaoddi and ca\lomleéismmdiamsﬂf' decrease the activity of the
catal yst co Si t > J iyLty of
the 2hoat alyoperog, BRelos R fsd AR kR AR SoiFL AL SherCh it Y, O

i n ot herprespemventioh. chteschemwahy-treatcd sdlidsaxidectanvampris¢ the-mataal yrsthsct ©én be
enpl oyed. For_ex st _comppsiti LI Skho, cata mponent
|, catal %t d%?tﬁc?ﬁp‘#tf)x'fif’s wgth BT VRYB’ egétﬁ%np‘gt P&g anlOnosourcr(t’(s)aI)fttstm ngm
conpiundeequired thatrthd ﬁﬂldoaxﬁfw bes&lcamedqp‘tdr o edntaoting dteﬁélgtslton-vﬁthdtzﬁhhg anion

co-catalysts i this as i ncl n ed t unm noxane
conpound¥®¥ Gy é&'ﬁo“rS’BPStnprpﬁ ueh Al o aff‘]g 6ﬁﬁ§eﬁn(gl§mg i% ﬁl&tﬂ g %ogﬁ oc‘aaj(?olﬁ'pounds,
and the donleeted a¥ithofhy eleotibn-Rathd@widghicofoulder eTHehalid @netecb@n Q)&tcalcyﬁﬂ oean be
present in the catalyst conposition. W) 2011/ 002497P / US2Q10/ 0 2 59

In a particeigmed. Nagous ProcaiseeinRTeRREROld PRIGR 2tV AT SURPATY t%‘ &8 % is a
dual catliys tnvemqavé b&n r@w@a i strregaaﬁtea@tzm wtheds £re aescﬂbecmrw st Ptaﬂéht one),
optional |l y an organoa um num conp nor e t han_one)

cat al ystNeonpdfeAi0: | 6488.87%.006A74 486n1§@38}9371arﬁ3|31(§rﬁ59 oheS e3¥al 9%?6 %%rponent

11 et al § ogxede, eJIRRYE ds,393)64d) e 2435386, @tsbcnzuase)%tm 6638826 813312,
corrp05| tion cané’%grrgrl se an act| vat or; Optl onal | y, an or ganoal um num

conmpound®:6Fs8# Fhod rie7 0a32n ghef dsqlasires (of)whigh P@rlﬁﬁﬂfaor(’@‘ SRR PBNl y one

corrpoundrege?gngg;netqelt&gm T-11-A, MET-11-B, MET-11-C, MET-11-D, MET-11-E,

MET-1 1 - 1-H or a corrpound havi ng formul a é?E For

i nstance, t heAQt)atdalgym oogrﬁyp@ntt¢fothec9mse@bnp\retngen,atheawﬂldva)tl -Isit]mﬁérlts an

org al a d
VT - St GRE D bonfaRin, A\ SHTRRURGN.DAARRink ool Pplehty AR

act i vat oelecsnopmt}kira“amg nngamadeu Further) the sgplalexdide mnblyalwpeormtimmhwdnctaayl ng

formula (Q,, and t er.nat th cat t co Si tion can
conpri se ‘?‘f%teda%ltt 3{38} loélttﬁlbdoﬁfn c%tlﬁm ‘i}é/”t‘%gla ei?tl &BP nTpre%l s
conpoun dc}hmvdangtu%ﬁxédmbwd okifle. adoMng- tol anGthel hstpeétn@tt the qirgsentt Meemhathy st
conpositi S activator-support, an or oal um num 15
compoundso T8y AEREB Bk PRI PG PHI TSR &uch iF Remqird nd Salcined
al tegmatglmaitamoﬁd[;e catal yst conposition can conprise an acti vator support,
an organoal uni num corrpound only one conpound haV| ng formula (C

& b g

VET-11-E; al teiendtefod| by vhigh ctheapyids 18 orppksted bl Elsripimy

act i vat Oéo'nﬁiéﬂétﬁrttyk/Eﬂly PEALHOA 4dd BERA aemw&drmhg afiof, GANMRAUMY bk ng
formula (O T-11-F; alternativel t he catalyst corrp05|t|on can
conpri sencihimite ite gebing, @cgeélumsattregraﬁorbpﬁwwmﬁvmwe angsbinend Ba ke one
conpoundriiaY fidwhiy Y @nfabting RBHNERE bodtictd] MmBitatdr\kd Yolidl H8dL RleBhrorit
conposi tion can conprise an act| vat or -support, an organoal um num conpound,
onl y3®nevithpuing @nien,and gptienahmetal {oq) is calpited/ET- | | - H, al ter nat i vel y, the

cat al yst conpggl C [ dm num
conpound, only o%ggc%g?&ound@g%/@ﬁ%&?c‘? &} Yxﬁ%%’ n%g{r%tg Oh?faghﬁgrﬂg%%gt}%d

havi ng f produded b2 5 ptdegss campasingt i vel y, the catal yst conposition can conprise
an activator-support, an organoal um num conmpound, only one conpound havi ng

formula (D), and MET-11-A; alternatively, the catal yst conposition can
conprise an activator-support, an organoal um num conpound, only one
conpound having fornmula (D), and MET-11-B; alternatively, the catal yst

conposition can conprise an activator-support, an organoal um num conpound,
only one 30 compound having forrmula (D), and MET-11-C, alternatively, the
catal yst conmposition can conprise an activator-support, an organoal um num
conpound, only one conpound having formula (1)), and MET-11-D;
alternatively, the catalyst conposition can conprise an activator-support,
an organoal um num conpound, only one conpound having fornmula (D), WO
2011/ 002497PCT/ USZOlO/ 001842 60 and NET- I | - E aI ter nat| veI Yy, t he cat al yst

o " o o .y o - . o



10 netal | ocene conmpound and one catal yst conmponent |1 netall ocene conpound.
It is also contenplated that a dual netall ocene catal yst conposition can
cont ai n nwoantiznent s of an additi onal netall ocene conpeama(Ss)lo/omsu2this is
not a requirenent, and generally the gual catal yst conposition can consi st
essentially of the aforenentioned two netall ocene conpounds, and in the
subst anti al a?sensﬁn&fﬁngraxéoﬁ&idkfae WirablidBkiats) WMNR AQdALWMHRiraving ¥h6k ei n any
addi ti onal netall ocene conpounds woul d not increase/decrease the activity
of the CAWEF FARPRBfHISPMPEYNdS)/tofpmpa firhmidWE1ANd10% from t he cat al yst
activity of t251e Cal1ghg thCRIPARNIL R¥okh 161 PBRENSSivabr-bilpoaddi ti onal

met al | ocene conpounds. This invention further enconpasses nethods of
maki ng t hese Asgerdingde arashgs@spect ofihe preseahingentionghe soligdhxide acHEHOLWPPITY t he
respect '(Xﬁenﬁ@él%&e’é{eg%?ﬁ'&)w&égtié foludi ¥ Qgﬁ:‘%éss%mﬁﬁém :nce. 20 The

nmet al | ocene cofrpoun romc ta?yst co nent |, catal yst conponent |1, or
bot h, can be lpr ecoentatingd salidnoxage (o splidhiogidenrwitter first ¢Jesitonewithdmyying
necessar 'npﬁ biCe 4l dud FPRATE il niRfird0! Yeri zed, and an organoal um num
conmpoun or a FIrs period of tine prior to contacting this precontacted
m xture w th2xn aciltinmigdhe Sigpmiontyre tolpreddce msalcined fipti mpftute; me f or cont act,
e, Precont agh {1 CnahGL RIS A LALLOCEAE, COTRPUOG Ly BORRAN I op  Pe 25
ol efini ¢ nononer, “an € organoal um num conpound typi ca ! y ranges from a

t i nel@persoote obmpdund to formiarsetandtnnixtubnabd 24 hours, for exanple, from about

0. 05 hours tg,about, 1. hcaérs.e (I)Dl{decg{rtlutrag)t HF&ES fi(;]om about 10 mnutes to about
30 m nutes ar% al §%°18W5I ‘i/ecc]. ATYer ttiove )7,S°]t %XI%?%C oﬁ'iofaélfapng' process is
carried out iAccoidirg tplyet sioees aspeattdialic priasnt avaition) the shenicallyrtreatedcblidrul ti pl e
m xtures are. prepared, .each .conprising a different, set of catalyst. 30
corrponen‘?.xé‘ge ﬁﬂo‘gﬁg‘é‘ﬁﬁf é‘?mﬁp qyegop °ﬁ%ﬂ?a§°§fi)9§f ec‘?ﬁ%i‘ﬁeﬂf’?’%ﬂé‘%ﬂ‘ﬁ%t ed

f or m ng #hidnl Joitce FbMmpoind, wherk ltiywaid loyide @Binpedndrig cdlbiged bafsie, Mirglocatwrt h at

| east one ot her catalystt%gnppneni form ng,a second m xture, and so _forth.

WO 25011/ ooirgtineshe plecizm itkiiaging agipn source, ajg, wherp thergis@syhstatie] shyence@bs can

be carriggmfbkanes) ofgafibbiEbLorN@giRbordfe cofipbilds, aal forYARS Rnfe cofripoliti®r , mMul tiple
precontacting steps can be carried out In series (sequentially), in

paral | el , or Galdwipgphtieitisated palideside geperally iprponducted ipjap gmbigngatmogphste. t wo
catal yst, ¢ i ' ) Ofiduidoptdd €
conpri sitﬁglgéiﬁglﬂ% r ta&%%Q?%ggﬁg a%%fee% e{aggélﬁg?%%g ¢ c(g)tgﬁglost léorrpodﬁﬁént can
be f or meahdi for ahtend of sbout s pautoto appus 168 dond. VEalsiving aghi ehcandudtegpatal | y

pl ac downst r ea f the first vess o I n t her aspec 0, or nore
bf AL CaPRrYRE T AR 0 5 W REER0 G quet SR o PEPERb SRt act i ng
t r eat N"ENdbBut 460r°Cers ABRULE00 PEI {Calfinifg Sanl R dpRductd THOsRAE 30 Miduesd tb Bbsut 30f i r st
precontacting vessel for precontacting wth at |east one other catal yst
conponentoursyAr fos abaut 4 heus ephpwiderhogss. (Thys, fargrample; ealginipg campofientd 9% f ed

into a Sﬁ??ﬁﬂ]t RE GRSt A0 HORE af 8SSberitBle A TRMPMAREBSH L V4 hkbudbsd &@ashnpne
ot her catal yst ed d

conponent, or is f irectly into the reactor, or a

conbi nat suitable erbéast atifdsphere evon riteaermplaypdcduringecateiming.e doengrallyn caleipinguist abl e
equi pyre ntEdnd&c%:chinaa% (%(?cﬁ%ﬁg ﬁdsf)ﬁe%j, slid¢ staqpkglter}{ﬁwteﬂ)“'an ﬁ{eﬁtdnﬁo ér'e,nglc evi ces,
a flask, a vessel of any ?ype, oF “condi nati ons of °f hese apparatus. 15In
anot her asyiteagen of argbm, ot amedaning @hmosphrre,\sach slhydogembymtbonongorea @nbeor
exanpl e, tal l ocene(s), activator-support, organoal um num co-catal yst, and
opt i onal 'Ilsf; ‘an unsat urat ed hydrocarbon) are contacted in the polynerization
react or si mul Aaosiingsioyonetuspeet oh eheoésgnteinvention,ahe selatdxider materipk sasadng.
Alternatiyvely, any.t or of these.catal yst .components, can, b

pr econt a¥2a S?W{C%XR}E!@% ) ?‘ﬁ%?e nded (grﬁcé’mbﬁbathf“ﬁ éf?%%rbstnF%thon?%% E‘?gﬁwgh 30

]pr Scsmt a@l&ﬂan@niﬁiﬂpthelaﬁalbiﬂe& prionide e cHemiWﬂ'g{tﬂ&ath@@olﬁrt _ex:idéltilaﬂtgefdn'ﬁ obduct is
ed continuously to the reactor, .or it can be a stepw se or bat se
brocess PRHGHATHPIE. Bat Brempte. Hieselifpds matchrsan e Fratdyila oucnaiaaliy®

cat al yst 1GaeRassilfatfg addhit’y, PERERVIRBIOHBEG ioht (RPMERHN “Eforidhg h@dt P Ul soarer a
time period that can range froma few seconds to as nuch as several days,
or longer. In this aspect, the continuous precontacting step generally

| asts fromabout 1 second to about 25 1 hour. In another aspect, the
conti nuous precontacting step lasts from about 10 seconds to about 45

m nutes, or fromabout 1 mnute to about 30 m nutes. Once the precontacted
m xture of the netall ocene conpound(s), ol efin nmononer, and organoal um num
co-catalyst is contacted with the activator-support, this conposition (with
the addition of the activator-support) is ternmed the "postcontacted

m xture." The 30 postcontacted m xture optionally remains in contact for a
second period of tine, the



postcontact time, prior to initiating the polynerization process.

Post contact tinmes between the precontacted m xture and the

acti vat orweueppane49general | y range from about 1 m nute t@®cahmsadio@dishours. | n
a further aspect, the postcontact tingis in a range from about 0.05 hours
WO 2011/ 002497PCT/ US2010/ 001842 62 to about 1 hour. The precontacting step,

t he postgofiicat iitd ét‘éhﬁ&i a OfubRdifg agait”), BF aCcbmbbindlion Rh&gé!CTahd’lchm@&l tb he
pol ymer as conpared to the sane catalyst conposition that is prepared

Wi t hout lpw@%w? &2lid orddepactipaer. déﬁ?ﬁﬁ@%lﬁﬁg%ﬂmémroﬂsr\léihtdﬁePutérep?%&lame%ct i ng
step noryapRARAKONLAG RELSHEP alutif THloFi€&d alhiiR, ROFIEP AfudGhL brBhidedr € can
be heated at a terrperafure and for a tine period sufficient to all ow

adsor pt | dica-dlyminagetdetided, sibea-alpmineq duprdedofiligh-duminag seléiedrisiicapBminay t he
act i vat Ol;ror%gﬁ@%fﬂca -z, ¢ f’otqg@? QﬁircL 'zﬂgbn@'j ffuhﬂd&iogmé)d"ﬁ%ﬁlaoguﬁa% silica-
precontacted m xture 1S i mmD i zed, adsorbed, or deposited thereon. Were
heat i ng #isowmiapfleyrsied silive-tisenia, cabwming tteeeited with hexadupwetitanioyacids Sh]éatC@dte@o a

t enper at f F r ut 40 F
to bout HBEinR aled ERERIoBRRME: id ks hpfed wilinckGORCERE T

rati o of adideilivelabsning trmeChIWhtbdaﬂeorompoaﬂdsﬂm@dpﬂlé)omhlmlnﬁ, sdicg dreatatl umi num
corrpound i at a i r I r f t 1: 1
o about "F 15eBRtB0UR sl R o8l SR Bladyorbobl it A HOMARRN,

abouto0 1: chhﬂnmds;ﬂmphbnd a0d0) a pluarpd ichhyamohhasra adlasedt mottimerittohite; opadmadiy of t he

nol es of 15 net aIIoc ound Lo t h | es _of organoal um npound
isina ?‘?fﬁéie llﬂf g PI%THIE ¢ Sugﬁgu?hofp .ﬁlfﬁlélgeorrm T B A RS OSph Tect the
rati o of oftiohaly tfedtéﬁs vm‘h spfasd, | fhoede aocdhiorided or (anatwnyﬁmatmnmfolherdbove

cat al yst onent |1, other netall ta.the total amount of

or ganoal [fH %ﬁnEﬁP%B B AETYE SHB%%[?R&%’)" ?'ﬁérb%e‘[tﬁea%eﬂ H‘raeIE‘StﬁFé?Bt ed mxture and
t he post cont arre@Heicklly réat€dduidReide chi ccmlipﬂsé) aiflactidedgond 6xide inths fcﬁmrﬂfaf:t i ng
steps_are 20 enp en. .a ctl step s use t.he ar
rati & of 2 PHECHIE éq’h%T@sﬂdeﬂ%ﬁ‘ﬂr?x r?& ‘F ‘?81’ St?nt%ﬁ‘i“§§ SB?Q%F%V"Fggene(s)
in the pjeaeidiRe hQMt."ThE WuBrideSionYdah &8 ddied # the bR1A8 Dyl oAl ofl fhet O
about 100, 000: 1. Total noles of each conponent are used in this ratio to
account PHfe Wshudiable splventsych ay,alpehiob Ar WAF Bchiding. byt Gpied (o ftheonedAomer
and/ or W&;ﬁ éal?@d;a Ao bOBRLE! bpar%ﬂevdlaﬂﬁmhwaﬂ shffa®® RhEGRNtBGHPRY ot ep.
Furt her IS lar ratio can be in a range fromabout 10:1 to about

1, 000: 1 smtab;lnéhheqhnagm inpltnde, fhat argwnehtimied to, hydroftyomieragid| (JIF).t amememnm ht

r at | €0 f rom
abou? 10N iR BBl BhsfRHMNGIGL SRk ks RRBG lcreroRE (VB Lo or
nmore t hammnmumcmhooﬁumdes(hgmﬂmbrosmcacm(mﬂé@ﬁle)Mmmoratlmdlexﬁltt%méIdsnhntet he

t ot al espe wei ght
rati o of h?[ﬂtgFgr h?axnoa umtaﬂll'frﬁ% c(f)hﬁéﬁ:ﬁg mggﬁh\}é gltrtg}'g‘{ﬁ&%?@\ﬁ—h }ﬂ(’?a range
from abohéxaﬂudroilaoﬂiomuﬁ (HyZ459), Ad¥fs, NHQMFa,bmallbgslth&rebb and cerhbifatiefls thexdof.

2011/ OOZi ﬁPCT/&JSZ 10/ 001842 ¢ n ?‘fCtl‘s of this Irrllr\ﬁerg}{nlnon t he
wei ght r aPfU§ < Aaf ATBRURYs T ea@FPvc 0 S{TBE’K i S ﬁxaglpll nge trom about
1:1 09 abiubride INASOE,)QAn Hef usEdr & tHeaflusridingnageny,adwy 1 Uepeasé of susengadoyed,
this ratio is based on the total weight of each respective conponent. In
anot her %‘éablé‘t‘{ “this weight ratiois in a range fromabout 1:5 to about

1: 100, 000, orffqeqraaadne wblidloxkife is treated with a fluoriding agent during the calcining step.
Any fluoriding agent capable of thoroughly contacting the solid oxide during the calcining

step can be used. For example, in addition to those fluoriding agents described previously,
30 volatile organic fluoriding agents can be used. Examples of volatile organic fluoriding agents
useful in this aspect of the invention include, but are not limited to, freons, perfluorohexane,
perfluorobenzene, fluoromethane, trifluoroethanol, and the like, and combinations thereof.

Calcining temperatures generally must be high enough to decompose the compound and



5 to about 1:10,000. Yet, in another aspect, the weight ratio of the

net al | ocene conpounds to the activator-support is in a range from about

1: 20 to avoun1110010P00. I n one aspect of this inventiPpomjusehie/omshar rati o
of catal yst conponent | to catalyst cgponent Il in the catalyst
conposition is in a range fromabout 5:1 to about 100:1, such as, for

exanpl e, rejtsR %@H&HﬂGﬁeéust}@dl%?&Uhquﬁfe:kHFf SOMIoRAO B;) Fielf 41 @ABetus@Oiith OF
from about 8:1 . I n anot her aspect, the nolar ratio

of cat altb%tSOl@oWﬁé?léﬁﬂuqnqeé whileasajeining o ibgasntetrpifuoride t(ﬁé:‘*l:a’t‘daf’%tmun s
conposi tdoﬁﬁlnﬁxfg”&%%ﬂﬁJrQEBerP%ﬂF4? ‘aksol CarBO WmpidYed. DRE doH%n@é?;@ Gnethdi€ of0I ar
ratio of catalyst conponent o0 catal yst corponent in the catalyst
conposi tdoowactingrtheeolidipxide veithghe flueridingnapgnt 1st01vap@nmfduonﬁsrg1agemrlwma@%ut 7:1
to ahout 2. 1. According to still another
aspegf o&gﬂésﬁdgég{rl\{d?gr@&%grﬁrdréghqn%a%agét alyst 15 conponent | to

cat al yst comSanmidarty, [in anathehespeett of yhis inveniosithd gherpicallpiseatedssalid avideit 7: 1,

101, oo e pnitees Sbickta be GARUEs dichi TR, ThEshondMM IS, Sred

her ei n. is forme@Chy a¢ry®ttmgarspmsomd@wsh @fchtonémg rag@@nfl“h&r chlenide ion cgebrezrddbd y have
a catal yst actl v teat r th abo t. 10 ye

( hom)pol y r x1% %’6?‘ rﬁ’unrg as , e 1n a gntglglggglvgrtt pﬁxreesgg ¥>x1%e can be be o
act i Mat otreatedp;pdr & chleriding mgex(t aluhngvheadaknhlgg:’StegA&ﬂyrcﬁ)qnding @eott chxpablasaﬁect ,

th tal yst t t t bout 200,
D el S5t s DR U S ind B B A B 20
conposi tdaans uedd, sldhsasi Si@ﬁnSiM)eacar m(nbaa(agtaﬁd t}Edﬂ(ebiﬁchﬂiﬂgﬁglanrésaﬂl'laieth

activity reater th a out 500, reater t reater than
Sbout 1068, s ARioRaig,ag3ts g diniied s FERTHISY A SR yoRt R oRunT | s
greater chorfditn agi@!tindl0R) B/ (@ARBY Nimittbi fo, acetaii thieonss ﬁaaﬂube&memer
slurry polymerization conditions using |sobutane s the dil ue

pol yHer | digrogethanendishigramethage, chiggalormorarbandetiachionide, Eighlorpethan :@‘do‘}‘ € about

550 psi gijkeASr SHySEonbiRfion MIRY&L. Ah¥eduHYiRaéd lorRfe drivhidieatst®@GaRBRan be
compound(s), the activator- support, fhe organoal um num conpound, and the

ol efin nisadmith thq:mdb@lqsr%aatce}etn@w i Onesepnygient arsthodi of coptagesthe AYWAL i on.
Wen any Yol fie QRfofiEin ngeIQCi§W§ap\9h£J1a BMlorRdif hUnf intP R QIR trealnt usk @ ' RhidECESSAry
that the efin rmng r used In the precontacting Sstep be the sane as the
ol ef i n ttbe bddidpiderduring ealcingtiont her, when a precontacting step anong any
combypat i on Gyt [ qun tf%%%@%%@?ﬁ&l’ IU,?%gésQAtOQ&&%an%}mﬁgttﬁé XSia pRponent s
i s enployed for a TS erio recontacted m xture can be
used i n genemaby scﬁuamhbqnmslttocahmacslo%r\@ wblgbt b&emﬁbmwangyt pﬁrdmt isdmapdsi orathe on  of
cat al yst cond ing.. For anp

ot al | octFERE R, i SGF SRR L iy Berals P L Breide 4 ve
used i n ofheeaspecnof ithig 1ﬁ¢eﬁﬁoﬁ othe anfdunts bf Blupkde orl cblforltit rien p&mehtt tefere
precontacted m.xtu e contacte thth activa support to
Porm a polsanisPud onios iy FaR RGN e BoHteb b Sreisht A0 aktsiiog f PRSP
pri 025 t Oaspéyt lof @it MYehtisd, By fBut 2ab IaBdSutrZB%lby aRighEOAcexaingl 1o, yet bisothdrr St
period of ti rTE for contact, the {ﬁ act ti.ne, between any conbipation of

the met a¥Pest Oh it BERIRe the)amauRL o Tuanids of chigrdsian Pressat bafere\ralcging Bspor t |

and the gndangrl lyrﬂdwam&@mp@muwmh? WEISHD aORYS imprdghatdll MitEhdIe adboUt 24
hours, from about 3 m nutes to about hour, or fromabout 10 mnutes to

about 30hakded,pxide cambe sdsied (ﬁﬂ%’é’cﬁ%blﬁ]%ﬂéﬁ"emﬁb‘fl}n@nm gotj limifed t9nSECHOB 1 emai n
in cont aﬁlttra{l&{ foﬂo@@&%ngvaB&rah&g d?ing LiRr v&cmﬁrnpﬁiyp&l‘?ﬁécﬁndtthgﬁke Bfth&fght 0

initiating pol yneri zation process. According to one aspect of this

i nved i oit, % ﬁ&p Wleatetinitipieetbe paleiningrstepimmediatab withowtdinmng thy Ennipenatedy

remai ni ngbg%&% yst conponents is fromabout 1 minute to about 24 hours, or
15 from about 1 hour to about 1 hour. POLYMERI ZATI ON PROCESS Cat al yst
conposi ti ons Tfe sihe-gluramentsed hy @reparenthe dreated silivaciunving dypreadlyi bae perki ns to

volume greater than about 0.5 cc/g. According to one aspect of the present invention, the




f orm honopol yners, copolynmers, terpolyners, and the |ike. One such process
for 20 polynerizing olefins in the presence of a catal yst conposition of

t he presewd 20nv®eH97OoN conpri ses contacting the catal yst pcomgsesiondmsm2 wi t h an
ol efin nmonomer and optionally an ol ef4sn conmononmer under pol ynerization
conditions to produce an olefin polyner, wherein the catal yst conposition

CONPr i SERrLR1AhY $§ geNePBARRbolt: 0.6 8¢/8! MRlacERIRENE Rhothér asPlt dF heVpe@nt (€. 9. ,
an activator-support, an alum noxané, etc.), and optionally an

or ganoalinyanHemmepestes Siap abow 1.0t gl Kpsthers Biepstiseatuminaganerallirbes awrigcesrpound
havi ng fé?éa'@f'tﬁ’an(a@)ut 1@)099‘7@.054@%@1%% k8 Sn Rk ggJe dflthis ifVenflo WPIRELL HBa

t hereof.” Catal yst conponent I cafi conprise MET-11-A" MeET-11-B, MET-11-C,
VET- | | - Ds gigE®r than Bbout250 m°/gF, YeyET-anpthe, aspgey-thg suface areq icgragieiuthen mzowt ng
formyl a {sp),20r a conbination thereof. The activator can conprise an
activator- su;ﬁgort , an al um noxane conpound, an organoboron or organoborate
30 conpound, Taa silisaaluiming wtdiried ix thepwesaut, invgntion typidally dias em alvowi eraténbns

t her eof . Lvat o c i i U Ra, ri ded
al i na T SRS ot 957249 RRldne RO SRR 18 el i Bt B 1

chl ori dedntnt ofdbe silicaalmminabs rindbdutsy toi abautai00érion fromsalioht§%do sbdut 38%al umi na,

fluorided silica-zi.rconia..chloride ilica-zirconia, bron ded

i 1 ca Fiish b§ Yetah 36w Dndirbaeh Alsmi o eht Sl g Tpounds can

si | i Wa- znpleyredain WwHiclothe dbohnisa bomtent tof thesd silicafdlwainka denhpsurlds cgpicatigtrageal um na,
sul fated. silica-ggated.al um na, phosphated, sjlica- ted al umi na,. and the
ke or e ABPAAPR S bl Soh or e i S In HERT 0% G A BHABY | se

tri met hyAabidiightonyett dnogtich wbpt) 61 tigninviention) iy sglidl atidéricomipdnent comprises
tri-n-butylalum num. . triisobutylalumnum tri-n-_5 hexylalum num .

1 - - oCRYTER YR piich 1280 BRISFNAE JFeRUTHPERS! 20 i Yy Pa T PEthoxi de.
di et hyl ajoriporenitshiprives SiRca wiflbut BRndinake, or conbi nati ons thereof . I n
accordance w_th anot her aspect of the invention, the polynerization process

can Enpl oy a Tharsalfyied selhpside ioBmrissnipEi ang DRl Brdc camarsast ehpdnent |
][fgﬁ ﬁL : g%?’ﬁg)%):& @gﬁ}?@ﬂjﬁ%@ﬁmgiﬂth@fd?ﬁtcﬁ"a|p@ﬁﬁﬂﬁte¢s@ﬁ&°98§o&ﬂy,' tA skl x@de(i§) Or
treated further” with a metal ion such that the calcined sulfated oxide comprises a metal.
According to one aspect of the present invention, the sulfated solid oxide comprises sulfate
and alumina. In some instances, the sulfated alumina is formed by a process wherein the

20  alumina is treated with a sulfate source, for example, sulfuric acid or a sulfate salt such as
ammonium sulfate. This process is generally performed by forming a slurry of the alumina
in a suitable solvent, such as alcohol or water, in which the desired concentration of the
sulfating agent has been added. Suitable organic solvents include, but are not limited to, the
one to three carbon alcohols because of their volatility and low surface tension.

25 According to one aspect of this invention, the amount of sulfate ion present before
calcining is from about 0.5 to about 100 parts by weight sulfate ion to about 100 parts by
weight solid oxide. According to another aspect of this invention, the amount of sulfate ion
present before calcining is from about 1 to about 50 parts by weight sulfate ion to about 100
parts by weight solid oxide, and according to still another aspect of this invention, from about

30 5 to about 30 parts by weight sulfate ion to about 100 parts by weight solid oxide. These

weight ratios are based on the weight of the solid oxide before calcining. Once impregnated

with sulfate, the sulfated oxide can be dried by any suitable method including, but not limited



10 catal yst conponent Il netall ocene conmpound (e.g., MET-I11-A MET-11-B, or
MET-11-C); at | east one activator (e.g., at |east one activator-support);
and opti omel2by/00at97]1 east one or ganoal um num conpound.  PCT/USh@omatsat yst
conpositions of the present inventiong@re intended for any olefin

pol ymeri zati on met hod using various types of polynerization reactors. As

used herg@i fhctide ﬁlti%@ibi{ mrd%tsw&abeﬁﬁ&@rmhgﬁhw%cm Py YdFpik Zald @8
reactor capable of polymerizi'ng olefin nonomers and comonomers (one or nore

t han onelikeolthengieit s also nosdblg deniiidthe Faleining step §pwediatelys, t er pol yners, and
the like. The,\alpug inbiRs aﬁJec{ SOGE gréseﬁtrrﬁbéﬁ%ntéﬂ@%alramtsum hearigf erred
to as a batch reactor, slurry reacto as- phase reactor, solution reactor,
hi gh pregsmgr@accmlysttmoamoneaﬁt this namﬁm &o@wprigeg carprion-gxritangeablp i ke, or
conbi pat t eC i QuUS

N eacté;r %cgga;tg}& fIIEx‘Bg%th Rgt %ﬁﬁg !é Zt{g‘fshR:Etl 'addlﬁﬂn §111£:Ré %@E Mﬁé o?

r eact or smmesals; either mfé lwemdd)rmd layeredrstractungs, smé Fombmgmjls hhﬁwq;f orn athotlree actors.
Slurry reﬁg& Sk t‘ius”m/en%ﬂﬂ{)ﬁ %)?ch\éﬁéetabl(é %e‘?{d A p&ﬁés Ju%?gs's?illlﬂeg Qlagé frasSure
reactors l'ave ar reactors. Reactor types can

i ncl ude ioad ahaornwatorasuppmu%’hpr Mesgmacumtsummme&emh@abise
intermttent or cont nuous. o o SC esse al_ so_include
par 1 a1 SEpaPTupipL P SRR E el d S Sems S P OSRERRYE inoer
and/ o dsdchlemlosethcycrsed hminr, mnugleaptcmlﬂy thy sdneexshaigedtieaqivetoesipporvemiti on may
conpri se %?F% ? reactar i.n a. %?/stem or multiple reactors of the sane
or diff elFeHRd Wi @C$F8Hl]‘8 BYV0% B8t yners in nultiple reactors may incl ude
several stagesccorlim td Sfustier tagpect ep deapreseno invemtidng dlid ﬂﬂlV%l‘-ﬁlﬁ@ﬁftQﬂ'f&hlS

i nterconnected by a trgfsfer devi ce maki n%%é) possi bl e tf) transf r t he

pol ymer sTYEEIOR t SHRPTISTSH M2Y hBITEF Ssﬁlammrglrﬁ geaPleo fatoBs Andr 13y s ¢ fcond

reactor. exBBﬁhﬁl@smygﬁap@lhy FRintraPhétBatoegisPotts AiGude] bQﬂQreOrfnottlhﬂltddeﬁ)Ctl@{-S may
be different fromthe operating conditigns of the other reactors.

Al t ebhat sxelngeable 1aysesdiabuminesiliqates sughyas prllaredeelaye.o Adthongh thejerm “support” is
2011/ 002¢4Q4 REK 14paAAY BALERDRsthd laD &h wike dobifponE uathetaaarsssf 8smsitioa! yyrer from

one reactor to subsequent reactors for continued pol ynerization. Ml t i pl e
react or mEhst énte beepnsidered ae acthyy peBrafithmeatalyst F?F@PQF&HQ?Q"C%B%C ¢fots infimpieed t o,
mul tiple, i@&&oﬁ%&ttﬂé&em etne g+rg (ﬁ@,ﬁthphase reactors, a conbination of |oop
and gas phase reactors I gh pressure reactors, or a conbination
of hi gh pressAgcerding Itp Iawper5a8pa¢td¢foﬂlegassephas'enu@adhfo cly maferiats| ofi thise

r eac&& rS; nt%g n%}g erﬁlsS$ F}l{eF ?n ﬂeﬂ' rpa"{’l[rgll Jtﬁle ‘or %atqﬁgp been treatéf: Gv(?t'ird' ng to
one aspec ven Ion yrrerl zatl1on reactor system nmay conprise
at | east varioss lumsmys#mnmg; wreamhangec onpﬂlrasngrgTy;acal]yc te day hletenzbmlahtot-oops

Mononer, dil ue cat st nt| to a | oop
Vonoror " aibapt OF biis BeRioh Somiie SRR Tl HEh R oK ARpRAH RHR horec Eflich® 2 1 00P
conpr i seirclding qmlynnueus hightyr etdbgdi rﬁftaleonfle’Xchmbﬁsc ormwem,r the alayamatenialt , an d
a diluent jnto a ég;grr .zati.on yeactor an atEontr nuous r

this reaﬁ‘i"é’?tobf“pg dnysRtien ?F'é‘ioﬂﬁ’af?cﬁ ‘V' Ay heen &4 &1 a‘lgﬁg Wcfitlfhl uent .

Reachor sifripleuams, nEMdiRg, IBdtaﬁ)heﬂnfea 16,2440y Of ANGITE We{10), Fe(lMyyeindf ZiqIT) Gk
l'i quids that conprise the diluent, nononer and/or conmononer. Various

t echnol olj&ads sigh abbahﬂs acﬁ?@dS‘ﬂ@Fe pifiate. ittt i on step includi ng but not
limted to, fA@e%mlﬁlgltotJi.%ﬁhemeétrmw&es%ﬂﬁlmcaﬁbhnrﬁé h@VaRt-shifitt Raprtdson and

pressure reducti on; separ atr on ”CyC onic action in either a cy cl one or
hydr ocych siflaredestays st ‘illasgd elem isjusesktatrefghto clay matgrigly fiag hrveshealr fop

pol ymer i %?cﬁ:?r%?d PLRE eﬁ%?ge( atkéanléﬁ %%@n@élegrkguéﬁw Ldhtd g@d faed %Q‘%fe?(s Latichs.

di scl ose exanpl e t ent s. 3,248,179,
5, 5630 17Exa15p15s7@' $97ly jons include, but are not limited to, Keggln jons which can have 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. These polymeric cations are then



20 6,239,235, 6,262,191, and 6, 833,415, each of which is incorporated
herein by reference inits entirety. Suitable diluents used in slurry
pol yner i asoizon/donrude, but are not limted to, the nonecEUSheio@L842

pol ynmeri zed and hydrocarbons that aregtiquids under reaction conditions.
Exanpl es of suitable diluents include, but are not limted to, hydrocarbons

such as ighpaRed wihif el ateemyéige of OBy aR® whén Qurcaiae ard chRRfté & metal
i sopent ane neopent ane, and hexane., Sone | oo meri zation reactions

can occ ideigaiars e fecssolnispRIRINEHE C18Y RO 7558 o ¥BiEturesn Kusrimce | s

pol yner i gai, Wg Ns Aie® AR ¥aRHed T8 HRERIce Ak NppoiiAg e;ﬁ'lldr@ behwaen %@atyel@%erm%e

5, 455, 314 I's itncorporated by reference herein in its entiret

Accor di r@pmegléqm%sstuh@re wopeistaingd andithe poyowtytip sphangete Bhe Jaswlting @?ieén
reactgr mea@qn CRIMRahS Siz8hs Lmampaﬁhg?maﬁﬁ@ﬁﬁteﬁa%h%e parttft RISUR4GTR MRy
enpl oy a continuous recycle stream containing one or nore nonomers

cont i nuosssd.y Exgmples of mﬂéﬂga agd fpillarest olays gecfommi hd JoParrarve Hfenche2@at al yst
under p S fromthe
it di oo i 688! P USRRCLM, dipmat, EREKEMELCERGARRENG, Pl B A

2011/ 0021&9@6&'/6@52Gh03,Qﬁ>1842)96Acmherresq3ﬂmd,L(dW?daSJ $HPatent Ndr 44b2,9¥0m t he

reactor 81 d te}ll\{ ﬂl’ Eﬁé El lm)ﬁ?nﬁrs %%ntbﬁoaﬁl6§@4§@ tﬁg%;s"élﬁg rEJ‘Sf %L(%ngr | zed
ﬁ <S 161 nulfl-s?ep

nononer . ‘ase reéactors may
gas-phasmcqlpd,ryméherzmthycrafemhc@inethwmmnrctm vvh| ch oI ef| ns are poI yrreri zed in
t he gaseous a in at |east..two, independent ation
zones while f n§ %Ocegﬁ ujilizep C@Xrﬂllg&ﬁl g P8I ffﬁ@i}‘ g’frrggl ?4 f?’?rgt

pol ymer i ea@aul@afés@mhﬁga mnyslﬁnmd clagalthamml emhincememmner@aﬁoﬂqmﬁem ngths phase
react or |s di scl osed 2 b “a Tée 8l?1 10

5, 436, 30%Rtalysh EQMRASTHRR; of the %IC?CHEB’P’E)‘BP&"&’H 595 ef ’«’?ﬁ%‘% %“H t§ a@r’i‘f‘f‘?‘é‘ﬁy
herein. for pmaﬁﬁg:mbmuagaut freSiot linitad &, BRdphasseeahectifes!Bvth didv@RddralMAl)anbi gh
pressure pcé%]enenzatmn reactor may. conpri se a tubul ar_reactor or a)

aut o} avii-octahedral (Mg)pand derbivesy §h?fﬁ‘§r}p [¥9%he 260 mopGBPTlfonteh cLeHARIESS) f 1 esh
NONONET , ndrohited! Mctorit@! of Bbnitks! BalRYStegARaHicuMes GifRSs; MRYroRfcRNEHIGHBLd 1 n an
inert gaseous stream and i ntroduced at one zone of the reactor. Initi ators,

cat al yst Bixedayeoelays the fhreucelayonandias hatnaydingied taserielites, aanylgies, 7adst r eam
and Intr%ﬁ% yIbihdiea herdBtY 1R
interm x ?S%tgst aas'an@te ?fzﬁget I@l%%llﬁ?é l‘wﬁlté %?(gelgt;eu?@%ay bebiea{rrngl oyéd

appropri meeasyect,dhe)btllared Cdm'tacnmtoqampym Pommsebhem@a@tqrdmm@bmllel oms .
Accogdi n vention, the polynerization
reac?6j %é&c%aygowpﬁoggﬁtg?é% {%% m%ﬁdr;'r@lp #u%atl on reactor wherein the

nmonormner / cormriﬂqullae«b cp rcamcbb qnletmateti if Hesiredit &by stampdarpopileted bettgniguist abl e
stirring or ot mean rrger conprisin i nert ani.c diluent or
excess nBrﬁg?f‘éerdhlﬁhglryB’@ %ﬁB?‘H)Q@ ‘fndﬂﬁgfrﬁg nﬁﬂsé’gﬁrﬁ %ﬁ%‘ﬁ%ﬁ%‘&%ﬁ%é‘ ¥ may be
brought jsbut BeouRPBEfoR G hdied t6 G papmmtatioﬁ h@cﬁ)ﬁt allgHough rueaﬁériuﬂd&y
product, in the presence or absence of liquid rial. The ggﬁyrrerl zation

zone is PREITSAUAPTH A8 described braeing i should, Rey updestoqd) that ‘Sﬁ&fehﬁi“mg @adsiemed ¢ he
for magi opytOft rfan§ QUthdri teip@htuted GinB UnYeE incluing dn§aohbMiutioR &f Uehpeigtifeadndon may
be enpl oyed to obtain better terrperature control and to maintain uniform
pol yner i e steps, ﬁilsefwhlébatewpemgmeﬂdhy S POEYHRSr i zation 25 zone. Adequate
means are utiieedihRk-stipor! 9 fep8re CHOt BENITE CotRtitiOhs BRI thETRidsg@t | on.
Pol ymeri zation reactors suita 8 t he resent I nvention may further

conpr i sexrm;tloo@mbbma@mbnecbvvlthtotheea@tgam@upm metensls.dnclpding) buy Betdipitedt | east
one feed S%@élﬁé’g r?Jr an% gié Ep%%@'lx&ﬂan(}é’%}?%se% théjl éorlna(;nela@ﬂ&tt one
pol yner récover e react syst ens € present Invention
may Bairt b{prcab&)llppturt mtwbtthmré oscdfineluds, (ouikarp mof hmdad too ﬁlllcmeﬂﬂaﬂaﬁum@@
storage an ration, extrusi n pact oI in p Y,
fracti ongltufnbﬁl g@’c?y%'lrconi s {6Fage, of %[ orpgtlto ¢ ;’a}tea%ﬂa ySi s%&g’ﬁﬁér ocess
cont r ol . silica-titania, coprecipitated sﬂlca/tltama mlxtures thereof, or any combination thereof.

(S




Pol ymeri zation conditions that are controlled for efficiency and to provide
desired polyner properties can include tenperature, pressure, and the
concent r avoansl/B49var i ous WO 2011/ 002497PCT/ US2010/ 001842/U530m0me1sANt S.

Pol ynmeri zation tenperature can affectggatal yst productivity, polyner

nmol ecul ar wei ght, and nol ecul ar wei ght distribution. A suitable

pol ymeri zat i QRchRMHRa5 @hdth& aSFett BEthe PYeskit HPRAGSH) bfe BEMOW JffiRe metallocene
de- pol yneri zation tenperature according to the G bbs Free energy equation.

Typi cal |5pmpppids cpmbe Drgeantactasy ity an plefp MOnPHerANd 3 opgapoBumingm egiapaynd  or
froms agputirbPerfodld? it Ptior Gol&ngctm{mfsnﬂixme WRA e REvAt¥PRipRE POhY®BE | Zat i on
reactor. In so reactor systens, the polynerization tenperature generally
i s wi t hipreeniagigmixtuesmf fisouetalipes compabedi®). dofimoppmer; g erBdRIUPEID t o
Feactor oo is conibhEUm fESRRVREsbat B Sobidor Gl Abristhe' e
IFT)JOl yner i @fﬁvdtmppm I;g te!mpl aé‘aeitéﬂntéjciipdt’ yﬁk@zﬂ@ V;“? Eg%cmwdlmgﬁlri(galggg g.
ressure hase Y, . - : psi g.
H gh pr e%gg{e%goggﬁﬂ&rreﬁll glgﬁlro%ﬁ{akgﬁhgﬁﬁgﬁgr%aut O%Tgég r ealgg%%r S a{ggd general ly
run at athewrct2finGdict e polymeOzation groceusiwilthbe cartied out- r eact ors can al so be
Cmper at ur 65 OB e b BrothEThRpeeCS Hickbidthof nBHIEH S oLl o e
pr esBUr emttaligrenda tompouwdida gam e (ra@atacted t wittalan pdlefse momemen hfid an adtivaiorages.

15Accordin on spegt .of this . .invention,. the ratip of hydrogen to the
ol efin n%‘ﬁg?fé%‘iangﬁsﬁ%g‘ﬁ@‘ﬁ%?ﬁ DI r‘i"‘b?%%’ég}s“s it i e o aﬁ‘%‘%‘%ght
rati o casonipaig® f Once QGhdpiedoataated uinixhite 06 thep metdllobsrdr ogapound@gedlefin t he
wei ght of the ol e(Li n.nononer . For inst(fnc%, the reactant or feed r@ti o of
hydr ogen™PRPTR e £1% 2RBYHITSHPROS, iH SOt S1Re fheapreanaRimypim - Samneudsi PR fall s
Wi t hi n acdnafosiioh T@MenRomprisiy B drganoalueiitunt 3O @Grpdn “pbatontdetadt’ mituppm t o 20
about 5000 ppm or from about 10 ppmto ab% éOOO f:mt] It.is also
cont Ehp| BecRpstcRaactahmBE car BealiRyyrd,to romate By ?Fé’Pgég,t aharsPrd DY En can
be peri Oﬁllingﬁlli(l)ﬁ’toBéih%ﬁﬂroﬁﬁ’ceﬂhﬁorﬂﬂﬁﬁﬁﬁﬁerizﬁﬁﬁnIieib%r.ance, in a mnner simlar to
that enployed in U S Patent No. 5,739,220 and U. S. Patent Publication No.
2004/ 0059070, the disclosures of which are incorporated herein by reference
in thei rOR@AN(EAI}’UNﬁﬁUM ebMPEURDRO! yneri zations, the feed ratio of
hydrogen to ethylene nononer, irrespective of conononer(s) enployed,

general |y i s looame@kpects, eatalzst\gemgpsitiongtof ghepresenhingentipngan COBHRTIEHFEIOT0 ppm
to abput 0 t i fd j i g pon the
dosi fod PofY Rl LhfipSREE, 'Sy WEhgtlndt Bbh heh Ok &8 Rl RRREE P o
(honopol yomepesndsdapmigyinefosnulet c. ) having a M around 1 g/ 10 min, the weight
rati o of 30 hydrogen to ethylene is ]Ii(ﬁg)}dcal ly in a range from about 5 ppm
to about 300 ppm such as, for examg , from about 10 ppmto about 250 ppm
or from ahadRLP appliphatic ghomptha?idg fapml to VOcABAH AOHIRA FoPETRNHS RI000E842 69

Processes of the present jovention jch utilize a catal yst conposition
conpri si H’ﬁ%é’]af'g‘wgfo"?f]gprb%l’ng?ﬁyl’lofl%’gwbst component |1, and an activator
(e.g25 an actomef QfgasitddaRinim dGdp&ts GvidH Yardbe Oisgd rin adatutysn wdimposipensnd) ,
unexpect edly, can_provi ﬁie agl increase in QOl nmer, roduEt%on ate, or

pol ymer @iselpisd hemgineeap msfydey but ges nat Hated, fo, comppuggdshaymgdng fogpuiah; < i hvent i on,
5 an anount of the ol efin polyneragkogux®d, per hour by the process (e.g., a
conti nuous polynerization ggocessl)( iis at least 10% greate X%{aagaggn anount
of an ol &hem X0 ¢ Mdrogasby; el %&ﬁor@ﬂaaﬂo’%%aéslﬂ@ﬁfo%@ PRI

condi ti OfgmWy tBh?HElugi@E.ah¥§rgc£9mﬁﬁ’s%athgtle{n- to kpecf) At &focABRERldical fHBupaHAUNt  Of

the ol efin polynmer produced per hour by the proceSs is from about 10%to
abouB0 50%cludess taib ot limied tooarah @llyl. #gokpalisyl, alkenyl. ayelarlkamd, ayploalsadienydoos,

greater Efl@ﬂd, aralkyl, aralkenyl, aralkynyl, and the like, and includes all substituted, unsubstituted,

branched, linear, and/or heteroatom substituted derivatives thereof.



10 the amount of the ol efin polymer obtained per hour under the sane

pol yneri zati on conditions wi thout catalyst conmponent Il. In yet another
aspect, tweo amue970f the ol efin polymer produced per hear/usgomioe1spzr ocess
is fromabout 15%to about 35% greateg9 than the anount of the olefin

pol ynmer obtai ned per hour under the same pol ynerization conditions w thout

cat al yst conpoRg@tasgekt, x"nlssa 'hkrcﬁro@di@}lhﬁ'irm@sfﬂﬁﬁtl tdl MRBE 1B NGFRASESMI. NIn
production rate 5 anount of gé ynmer produced per hour) can be

achi eveoPnﬂﬁh?WSHeq&rﬁf tglr: Pfeé%llté}w@fm%?(all%‘t al rbwnéﬁprmm 10:pathop atomso Figbnent |1 |
in arangemplkox” @Wﬂ@thy Eﬂm BROVL nfbuaylts@c-ﬁ Hisobrtyll or hESM ARMY 1ikk; 1 tO
about 50:1, from about t 0 about 1, rom about 8 1 to abouf 15: 1.
In certapuetet@ﬁ@élt@eoﬁﬁé@épfeﬁ@ﬁ@wé@ﬁ n productl on rate can be attai ned when
the catal yst 3aBlont agRkAS X h bKBYide TP h b oxadd/ Or
V\/nen%?he ol etﬁ&?\2 ﬁ %{ma;1 2%}% dﬁﬂgglggﬁﬁmﬁﬁdgfocegs |sgageg?h beynoé(%(%opol ymer
havi ng enyenepf yhich has ﬁr@ngéOle@mbame@msm Bide.ooradydridg . I@@ngﬁlem}spect of
(altern Bl ]&{;ﬁg, n wh

ol efin g% é?réé%(mﬁ% uce tls gﬁgaeroc&gs %xgﬁraﬁ&g?{l] neangoég{l) ynr?er?ﬁtéw ng a
mel t mobemthplr\asaeqt,a?ﬁgecmpum about 0.1 to about 5 g/ 10 m n (alternatively,
from about 0,5t 0 ) r. | osed
processes car%’? % qdégé%f} gir%%ﬁﬁ@“&?#&n@?qtﬁgg Bc ahdbg%aﬁ#izgsuch
met hikd fier3. i Wbe ealse rdj i hie npotegmieted pio detuat intager; dheefote, a;hns dbeifiula includes

pol yneri zat i.0 roc nuou ner i at| on process)

oper at | nﬁsquﬁ‘ar ﬂgc%?poélg%soer g?er 8rg35?ai‘f'§}l§“(‘mc?g“rsr%6%¥wogﬂ ‘wherein the catal yst
conposi ti on @xamples &f o@@naﬁlyminunoﬁmpmm‘ds byitable fo tuse/ ad acco(fdhnge withnthe

al um noxane, an acti vat ort etc n an 30

or ganoal RIFFRAU MY uME dga oﬁff‘rl 4 F%T’l‘ttegd?% E‘Q)augyg?al cHRRERY 11 at
a nol ar dlﬂkylﬁlluﬁﬁmﬁrﬁt alhylsde C oggafpdeids, | t QialdlahliatmConikiedy | torhpbuads; ange of

fromabout 1 to ahouyt ,75:1 to the cata)lyst composjtion. AIternatlver,
cat al¥yst ‘%‘bﬂﬁ‘@ﬂ’é‘ﬁ’t‘“ qayge% cpEPAeatd, compinatipng | thereots o pESifie | R IBIEE hi eve a

nol ar radh@pRE Srabdlaykt ofARRARERIm! csipsiRbaliNaideC SRR fundihurviToM ), WO
2011/ 002497PCT/ US2010/ 00 842 70 falls wthin a range fromabout 7:1 to
about 50trigthylelgnum o(EAD; 1tricpprepylalumpmpm  (THPA)y dRrgbisielugninum o (RN 15: 1.

Thi s et RadndPhuimif @FiE2Y, LEhO8hM IR ijh'%ﬂyﬁﬂnﬁlﬂﬁrﬂ @fsoityRlug{ihiin
pol yneri zation process can increase the polyner productl on rate (Ib/hr) by

about 10gdride, ajmmlalgmwnwh@mdm @lellu%lmmammhiondg%ndbbe liks @r carBbinetipnabout

35% 5 pr r ductlon
rate prltg%(re‘?‘b 2 addép??t%rfﬁggkgé‘ngﬁfﬂy}?tﬂﬁc%%{)&ﬁéﬁgo ?ngeltgurt e?ﬁngre t hese

i ncr ease€ENBA, pﬂlmnem-pﬂmixl@lmmmm,amnfmwldhanmnmal ored Whmbinahen ciéttnabfyst
conmponent,. t.al | ocene al ken / olefin
ol yrer  iemaveh BPRRE T8 g0y Yot AR A AT ShubPE PR T
inar anzgenfan@ery abmphse@ T&BA altetativel Q) cefﬁpgs!es MAadltemana¢ly v@mprisdsrtom- about
0.90 to abolu]t (g % nd/ or .10 when e .ol efin polymer produced by
the prock&¥la “?"é‘ﬂ“’e ﬁ@?‘@ fiye oﬁ%‘flmf‘trh%\?f’tﬁg '™t index in a range from
abouzs 0. 1 t o0 THeOpiesént Jindéhtidh Ectltdnplated iaVv @ethodf wrprabﬁuatm{g 2 hetalibemt 1.5

g/ 10 min) I n additi o i cants con errpl e t hat aspect s of this
i nvent i ofPTRQYNG B 2 OFRENSA W@ﬁ@ntcf’@ﬁ%‘ﬂ‘ dpp 1, ZOBOMFL R AOEE And may

t angi bl yplb@ntikiel nfiRfikd, pHOL® claﬁtacm@h ﬁ%éoéﬂﬂaét@d‘nﬂit@féﬂﬁlﬂﬁ& d@ivator-suppeR
slurry, gas phase sol'uti on, and e like, or caonbinations thereof) in

whi ch” pri@daen Mﬁtalyahgomﬂosawﬂar%%qhalcatpldﬁwwogrl%es prepaged ingthisermannisy

pol ymer gesiiy, a{o%gﬁn&%\ébagarﬂy, ogﬁ‘&ﬁ&% tﬁ@&gaddaﬁxﬁﬁmﬁﬂ dotlpaimidtiy dada % agneral |y
in excessS of apprOX|nater hour s itionally, |onger production runs
of a3dar preeantagted W%?DWQ@T petien of thej osgangaleminugt campaya isaddsd tatenour s,

or 48 howsﬁzontgtt ﬁlm&r epdtbd Wer) %rlfteco%actl:a inlﬂﬁﬁ"é ™ cd?i'iacgeﬁ“wm H{essohao and
so forth ene nore so fromthe nmethods of increasing polymer
pr oduct i onde attte'a@zndunphs oHe‘chr plbk \entirei organioakympnune egmpaund ¢anl bssusedHer ei n.




The concentration of the reactants entering the polynerization reactor can
be controlled to produce resins with certain physical and nechani cal
properti es0 20hopwoposed end-use product that will be fecwams2dg/ovise2 pol yrer
resin and the nethod of formng that &b product ultimately can determ ne
the desired polymer properties and attributes. Mechani cal properties

i ncl ude Fér@;ﬁﬁd ltRe chta®$H RnpotifiBACh, citcBCle SreédtRtiRE! X Bbdt&htacBRE gy dness
tests. Physical properties include densi t%/, _nmol ecul ar wei ght, nol ecul ar

wei ght dhlarpatiyelyi dhthe gatplysticgmpengntsasg ¢antacted|ima singles168i t i on t enper at ur e,
tenperature WltherOfmdié Yifihitlonk ZGbAMRBNERRS | dothpoid® EAP BRIl inl Yithef TACK

growt h, long chain branching, and rheol ogi cal neasurenents. 30 This

i nvent i dieqoataglingorthe pesteamtachng aigpr Yheorpppsgamealumirainpedrypaing ipadsigdded by
any of t oal [ i Wl 'ﬁ’%% L.

rnammg actrﬁl?gﬂggbr% ’éh %%%%e@% ﬁ%%ﬁﬁ,gﬁ%} I‘(r;)urlr§ géa cg(rlrgﬁpgkééal% élt' lb‘%?‘@?réﬁtoba} oduced
i n accorargyoe oforganedliminumy eornpaynd use\DiR hoth/ He precpRETIUSBHA1RYsGoNBARd 71

POL YNER%n&NQas’,A‘%Eh %Sadditionai forég?lgal[lﬁﬁ‘lldh‘} %erhp&ﬁlldy ed ptrooﬂ)léc ﬁ(q?dngnz%%gr? rdance
with the present invention 1s,°tor exanple, a polyner or copolyner of

et hyl eneeadtars Therofoae, ttotelsaneaumts ocgrapzlumeninzedpoyndsard disclosed atgatdlesalof

techni g n [: olefin ndustry. Articles of

manuf ac'tj‘ﬁlieg{% ?: g%ﬁb%g%%g%n?r% gﬁqmggdn“é/% rm(%:r%lrtlhagé) rlrlfi PrEEoPREe oﬁ Y rllueld

pol yer sisefedt hi s i nventi on, whose typical properties are provi ded bel ow
The processes di sclosed herein, utilizing the above-described dual catal yst
systens, may result in a polyner having an increased nol ecul ar weight, for
i NSt anc AALAMINOXANISEOMROGNDSaver age nol ecul ar weight (Mv). I n sone
aspects of this invention, H}@ Mv of, an 1q ol efi n.t]g)ol : %{oduced by the
process (con‘g‘r]‘ieﬂqslﬁmd%‘fey% ShRFgYidRt 2 patalyst compes (H’o‘égg &R CQUPTISEAR ) i s
at | eastaldfifogine abofipoiitian A3 U¥ed Bbredd) thd &k MaRAiMeBhe 0 Biférs 6 dlukiidelant he sane
pol yneri zati on, conditions w thout catalyst conponent . For instance, the

]
Mv of t HEMBPWIdsn GOBIPPREPNSr BUIES 1R dHErelsr sBedss cEgamdless r ofm heBoutuch 0% t o
about 10Q3mEibRAbE are TpréatedD Fimekd ¥t LdthedRRE T prdtidda. 91 PG SkamplE OM @Rk 15% to
about 75%greater, or from about 15% 15 to about 50% greater, than the Mwv
of the COBPPHtigneamRIISINgHNAlYTgoXANg spmpeyad sanbe preparerbini which alnméinswenetis ons
W t hout gatialyatme 8Rarbyt albRirAROSAED, SR SHich A1l fis DS i n
pol ymer Pﬁr c;duc.ed'bggiyﬁlg pr%cgsas ils f rom about lo%A)to 1&%11% p! g}f'b&rggg%er t han
t he Mv dhe combipatedn of ohiménunglatkal nemipavnd end tahgousegnef 3poivy Peotdnsasuchas
condiq i Wi t | yst t 1] n ' t her
aspet opfeny Ainckfld 42, oS TERAEN o de phRRROEBACSEnihE KFeBOR: o
about 10@&gnoalaminpsameshi eved with a nolar ratio of catal yst conponent | to
catal yst co nept 11 1n.a range fromabout 6:1 to about 75.1.  from about
7:1 to about :o%erfcraf)alrlﬁséﬁgm)o nip {yBlcaél ofit ?g.taft,edo‘?'l (rel??n?lﬁf%wa%ﬁ: T fo about
15: 1, f osatueatahipldeocarbon compéuad sobienty oy giedryzsalventhitrio s tatalt)i isek ased herein

can result in pol ts havin | ower nel.t jndex (M) and/or, high |oad nelt
i ndex ( HERA3OtS: I‘?lte%‘??g‘a’i“sspéﬁ‘lii pg‘?‘ﬁ‘f’ﬁi é}efhﬁvaéﬂﬁt’(?ﬁ,“%&f‘hée MSe nci—lil{?rgalglllmt of an
ol ef2: phpaEition fearthed dal thiy rhiiePisocBisded 6QERAY istitdkle aritRUY $r &emprenent |,
catal yst_conponent |1, etc.) is at |least 10% | ess than a M and/or. HLM of
an ol ef ifﬂtrff%y e tegiafistine ey st opmpesifien Po ripansedainte, thee BARMETIEEN Wi t hout
cat al ystrestsRaM it beide isdied.i nstance, the M and/or HLM of the olefin

pol ymer produced by, tghe process can be from about 15%to about 80% | ess,
from about 153t duaBeEIne7 pompaed, of thismimgntigiogen bsosn oligemeric sbmminess, or
from aboimpdwid EdinRA! 1B AthREfes, ENAR strliGuid, ANALOSmidnVs, QF nfilfare’lofl I N

pol ymer obtained under the sanme polynerization conditions w thout catalyst
conpttherall thiee. Crchigrpbirpiapxans sempoundpbaving thefrmnlaHLM  of the ol efin pol yner
produced by the process is from about 20%to about 60% | ess than the M
and/or HLM of WD 2011/ 002497PC‘F§)&®%601842 72 the ol efin pol yner

obt ai ned under the sane pol yneriz i|on C Edi tions w thout catalyst
conponent Il. In accordance with yeR another aspect of this invention,

t hese decreases in M and/or HLM (e.g., about 15%to about 80% can be
achieved with a nolar ratio of catal yst conmponent Ito catal yst conponent II

in a range fromabout 6:1 to about 75:1, fromabout 7:1 5to about 50:1,
fromabout 8:1 to about 25:1, or fromabout 8:1 to about 15:1, for exanple.




The pol yners of ethylene (honopol ynmers, copolyners, terpolyners, etc.)
produced in accordance with the processes of this invention generally have
a nmelt i mdexofwoomabout 0.01 to about 20 g/ 10 min. Melt pcmaiSc@s/0n1842 he
range fromabout 0.1 to about 15 g/ 10symin, or fromabout 0.1 to about 10
g/10 mn, are contenplated in sone aspects of this invention. For 10
exanpl &,y rf R Ris RimbiGs PLRSEBE brarkhed amaeaag FRAY € td1 (Bdrborl AGIRY ahdd 2
range from about 0.1 to about 5, from about 0.25 to_about 2, or from about
0.5 to abiswun integerdronp3rip 30, are encopppassgd by this ipyentiony The, AIRQ Jeiety shoyer s

pr oduce | J | et OfShG ol rein
typi cal ﬁjf%?% S \?\ﬁl %?nrmt%gédrngﬁélgﬁfl?g%&gﬁout Oogﬁg?g%gggﬂgb%ﬁgﬁﬁgﬁdﬁg such
as, for haxaghedormiylsm about 0.89 to about 0.92 g/cnB. In one aspect 15 of
this invention, the density of the ethyl eneRponrrer is in a range from

about 0.90 to about 0.94 g/cnB. Yet, imn anether aspect, the density is in a
range from about 0.91 to about ROT9DciBAbr, alternatively, from about
0.91 to about 0.93 g/cnB. P Ii/mar qf \%t hyl ene, whet her honopol yners,
copolsyners, terpolyners, and so fdRkth, can Be;formed into various articles

of manufactuyre. Articles whjich c C ris ol yimers o 20 this inyention
! ncl ude, WRgEn By g formplpit & kingas or Sranchgp pLkx] b w?m{%wmﬁ%map part,
a bot t| &g is@an cHtépdt rdmf1i t9S0, ¢ als@biidotapasted BPthiiavdntighng fil mor container, a
food service article, a fuel tapk, a georrenbrﬁge ;) househol d, cont ai ner, a
liner, a ol GaEhey RKRIROXanes el haye GhghiSEuCtEies /phths ffomula, RisiioR - oAlslheet or

tape, a \R¥ein RO al tBEnihdlHRear\G birARedHIO SAcuB hatial B ERPI0ESbntafriORM t hese
articles. Non-limtin exarrgl es of these processes include injection
€

nol dithg, is abg5dginglingss pbragched alkuk grovmbaving figm ) to 1Q sashanatorsij ot is 3k
ext r usi ofyg gi§ edual & A& 35 L hszl) mr,yo(f4)t aﬁ&eﬁfng@ﬁg B2 nuiber §fRreb thRdinAddivhlinnal | Y.

additi ves and difi e often added" to these polyners in order to
provi de #lemsfriogj il thp ohpherr ofptwec eapsdingje oxysendiems apd goucts he mumber ek4

EXAMPLES i i is further illustrated by the foll ow ng exanples,
whi ch arcé)%gdg%??%&égﬂggﬁgtrued in any way as inmposing limtations to the

scope of t hi sThusvanminorane¥avhichysamtblhesmpdsysdcinsthe anatadydt wempessitionsdeff theat i ons,

and uival ents thereof which, after.readi t he

2011f oArrRCT vRst 16 ot as s Rutt py BRPLAY A (RO R EAL OB el ves
t 0 one odndahéiikar yn tesd forinnlat,nthe & group ishiypicaltiep inéar g bianched GeCs plkyl,t  of
the present inventiogn or t ope, of the appended clai ns. Mel & i ndex
(v, Por 15hen el et aronvh Sudipennl or e BRRTRe e PR e SPmPBRIE Wi ¢ b
2,160 grman %aitghised Siriagdordanael withl the ipRdent itvdnlibn iglulde, bitrgre waslig@tt®tayi ned in
accordance w th ASTM D1238 at 190C with @ 21, 600 gram wei ght, Pol ymer
densi ty WabYabmingyepte gethyalyminaxaps  nemsyRICEA ARGt SO-RIGDLEYmBIRxape, n-

CONPEES ShitflaliRirfRnes 2B tflaluefifb:@fe, dkechRhluthiokaRe ishBufylalahfogaedi i oned
for about 40 hours at roomtenperature in accordance with ASTM D1505 and

ASTM Diopetylgysietnee ipentylalmingngc 4-pentyleiginoxants d BPRYIUAHRENGht
distrib uﬁéogmylmh%&%é'dﬁ@dthgsﬁl&g A &y Catbirton Ntheiof. € Methlalinfnoxane,

chromat ography unit (Polynmer Laboratories) with trichlorobenzene (TCB) as
t he sol vethylaluminosare, f hrgdy iserbutylsluminpAang; atet erenared tfegmye frimethdalyminas C BHT

(2,6-di- ?fh&fahhlﬁi}{llnh4R£ﬁﬁi%%£ﬁ&mrmn€tres%e&%8’?QLJ W& o Rl Ba3 used

as a sta zer 1nt _ _
25 poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl aluminum

oxide), respectively. It is also within the scope of the invention to use an aluminoxane in
combination with a trialkylaluminum, such as that disclosed in U.S. Patent No. 4,794,096,
incorporated herein by reference in its entirety.

The present invention contemplates many values of p and q in the aluminoxane

30 formulas (R-Al-O), and R(R-Al-O),AlIR;, respectively. In some aspects, p and q are at least



15 TCB. An injection volunme of 200 iL was used with a nom nal pol yner
concentration of 1.5 ng/nL. Dissolution of the sanple in stabilized TCB was
carried ow02by/deesri ng at 150 C for 5 hours w th occasi @enaluS2¢gentise2
agitation. The colums used were thres PLgel M xed A LS col umms (7. 8x300mm)
and were calibrated wwth a broad |inear polyethylene standard (Phillips

Mar | ex(r3), 1RWRevel) @Bpenifiy ufdh hBw!the offRhdafitiAbxang isittpatal] sReANastPiea thaed. 20
Sul fated al umi na was formed by a process wherein alum na was

cheni calValpetof @and @ sanvAYawihinfagsinglesamples off Flumisoxang, and sudy epmbinatigng 8f e or

bi sul f atg ﬁ,ggﬂ{l{;lg,omslaﬁccloggg,plaft&rhe@ﬁarrpl e, sulfuric acid, ammonium sul fate,
or ammoni um bi sul fate. In an exenplary procedure, a conmercial alum na sold
as WR G acdn plepsringz gtalyst cemposifienccopiiningyneisainpsanevihe malsr raipielohe

sol utd o N h d

al umslnaq\(/)\%g%gél c%)ﬂg ﬂg@}}ﬁ %Sﬂég?a(r;{ﬁlgl rt%%% a%?lk@é%s)r{agtta}? foR S‘ﬁ!ﬂg@%?h hol d
peri od anetalivcenet eomipouad(g) én thef campogitidn is [genasallyf bqttyderapmt riaIQ/\,arsi alesiut ect ed

and st or 4 obdin Sichnd] 00 B mBFNGS: G &Y SOR B (300D,

at mospher Were condi one- I"on “st'al nI"éss st eel
semi - bat@}ttlondactabumncbmbgmahea@ded talam&ymriznwmn@on canigas from abene0.0ked in
all poly n T i t pr ure was
conduot SBP k8 Fif B RGT BB, foout iF i JoBRoEC ooyt TR AS R bR OB TS

act i Mat abestifpog/i. (sul fat ed aI um na) and the netal |l ocene were added in
order throug rge port while venti.ng isobutane vapor. har ge port
was cl osed aR)d g@f’g?x%‘?sefgn ol?e |p§%’6fffiaﬂ§ weross aﬁrag%iﬁ “he E&[ g?‘?t é’gof t he
react or omgdn@alainiinoxenk pr\ﬂphrﬁ%i/a&(lﬁ&:&?sﬁﬁﬁUSZ@ﬂﬁﬁmdsB424709ﬁmﬂ m,eaxe@l to the
desired run. tenperatuyre, and eth ne en intyoduced a h t he
Gool 1 oq ERBHETBE I Whidhiard oottt BT ciADY reaChir Behan ey mEohEaRe o
speci f i edatgif 26 Uhet S1@init BalvaRean bé adctee RgthhnQfurhiAem POk mp&ﬁidl smh men. The
reactor was maintai negqsgg‘f?cont rolled at the &em red run te tur

t hr oL?gho@t htrhdo famhe TEANOAYIRYRCOXBHFIERUBt Wil Zpt intendigg '?ee upd e

during tianfsWhitentdn ek BYheRE tiat a1 Wathetid ARNRE caNakfcrd afRhRe 8f bdthfndagact or
vapor phase was renoved. Thereafter, the reactor pressure was slowy vented

of f. Al tasdeaelio/RtA)-O aluminexdae spasipsviash af whichiam preampassed Ry dhis Wé’eﬁ@%{bt or and
the r eaCAfté}ﬁ’at\to@lz @#g%%ﬂmh@xa%%" a@ﬁéﬂa&é&r@ reﬁé AirhinkReaRN ot

reaction and orenmentioned v eact or was opened)oand t he
pol yrrer el ds (R )wils witbl d ysirated aaltl suehi whxﬁw@d ceppeu suifate, imepriestt owgerify 50
10C % tveh£ast two hours. EXAMPLES 1-2 Hydrogen generated by ethylene
fee stoc and sul fated al um na and Tl BA 15The conditions enpl oyed were a
reaction tenperature of 95 C, 340 psig ethylene feed, 2 L of isobutane, 100

nmg sul f ] a Iocene, and 0.5 nL of 1 MTIBA
Cal cul afégﬁ'%@agﬁ&%ﬁéég%c%ﬁl ons @ﬂt 0 an estimated initial vapor

vol ume of 1. Zkcbrdipdtosanothgtaspev0bfithie ppdsed. invdntioh,othe tcbtaly];t- gahpaitioneast i on
vessel ). Using this information, .the reactor v a calibrated
i or 0. BeoTRBAn R WRerBBR o oy SRIRPR T RUR-s SRR RORRs R Ui or
spaces of bdrbie cobmpéiinds,, b&ﬂaa ﬁumlse afPrthé aike| opfcoMpihaB@RNtheteot. NEFdreatintple,can be

det er m ned. | n Exanp o net al I ocene, sulfated alu or TIBA
was char%@aoqrsanpr?@rqnecae&pevndsm ﬂa?rﬁmﬂn%?orﬁﬁmra%wdwgémama 3t he vapor

phase sanpl e AYRS@RdEARbIrén BE AbRBigako BerdleddonipdBnd3ddh BS LiliAeH &HgHHe-
present invention. Examples of fluoroorgano borate compounds that can be used in the

present invention include, but are not limited to, fluorinated aryl borates such as N,N-

30 dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium  tetrakis(pentafluorophenyl)borate, = N,N-
dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, t;iphenylcarbenium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the like, or mixtures thereof. Examples of



25l n Exanple 2, no netall ocene was charged to the reactor. The anmount of
hydr ogen due to sulfated alum na and TIBA was determ ned to be about 13
ppm EXAMPOES®1130819Fy dr ogen generated by MET-1-A in ol ef iPaTaskemwoisaat i on 30
Under the conditions of Exanple 1, thsg polynerizations of Exanples 3-6
utilized 0.5 ng of MET-1-A and the reaction tinmes and anount of 1-hexene

CONMDNONHuotdotdaBl Hofon! édthsouhds A cRYBB WARE ad) @6R4talySd iff MRS pisédi ilenfiokiexene
conmonomner present but _hj gher levels of WD 2011/002497PCT/US2010/ 001842 75

hydr ogerindédee by AtSr Betlimifgch fos tHEPesHBioatAbPnYNReropy didtho-bisklugsearthyBact i on

time Wa%)hleﬁsﬁfb%ﬁ)%e%d th8 ke, dr-miMAEsA8&8010 CARIoBER At 1Qt‘enﬁ}$§'iml)@§m§1d@y the Exanpl e
Reaction Tine (mn) 1-hexene (9) Hydrogen (P n(}
following theory, these examples of fluoroorgano borate an ﬂuoroorgano boron compounds,

5 and related compounds, are thought to form “weakly-coordinating” anions when combined
with organometal or metallocene compounds, as disclosed in U.S. Patent 5,919,983, the
disclosure of which is incorporated herein by reference in its entirety. Applicants also
contemplate the use of diboron, or bis-boron, compounds or other bifunctional compounds
containing two or more boron atoms in the chemical structure, such as disclosed in J. Am.

10  Chem. Soc., 2005, 127, pp. 14756-14768, the content of which is incorporated herein by
reference in its entirety.

Generally, any amount of organoboron compound can be used. According to one
aspect of this invention, the molar ratio of the total moles of organoboron or organoborate
compound (or compounds) to the total moles of metallocene compounds in the catalyst

15 composition is in a range from about 0.1:1 to about 15:1. Typically, the amount of the
fluoroorgano boron or fluoroorgano borate compound used is from about 0.5 moles to about
10 moles of boron/borate compound per mole of metallocene compounds (catalyst
component I, catalyst component II, and any other metallocene compound(s)). According to
another aspect of this invention, the amount of fluoroorgano boron or fluoroorgano borate
20 compound is from about 0.8 moles to about 5 moles of boron/borate compound per mole of

metallocene compounds.

IONIZING IONIC COMPOUNDS
The present invention further provides a catalyst composition which can comprise an
25 ionizing ionic compound. An ionizing ionic compound is an ionic compound that can
function as a co-catalyst to enhance the activity of the catalyst composition. While not
intending to be bound by theory, it is believed that the ionizing ionic compound is capable of
reacting with a metallocene compound and converting the metallocene into one or more
cationic metallocene compounds, or incipient cationic metallocene compounds. Again, while
30 not intending to be bound by theory, it is believed that the ionizing ionic compound can
function as an ionizing compound by completely or partially extracting an anionic ligand,
possibly a non-alkadienyl ligand, from the metallocene. However, the ionizing ionic

compound is an activator or co-catalyst regardless of whether it is ionizes the metallocene,
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Further, it is not necessary that the ionizing fonic compound activate the metallocene

5  compound(s) only. The activation function of the ionizing ionic compound can be evident in
the enhanced activity of catalyst composition as a whole, as compared to a catalyst
composition that does not contain an ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited to, the following

compounds: tri(n-butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl) ammonium

10 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)Jammonium tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis(p-tolyl)borate, = N,N-dimethylanilinium tetrakis(m-
tolyl)borate, N,N-dimethylanilinium tetrakis(2,4-dimethylphenyl)borate, N,N-

15  dimethylanilinium tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium  tetrakis(p-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,

20  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(trifluoromethyl)phenyl]borate,
tropylium tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetraphenylborate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,

25  lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-dimethylphenyl)borate,
lithium tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium
tetraphenylborate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium
tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium
tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium tetraphenylborate,

30 potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-
dimethylphenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-
borate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetraphenylaluminate, lithium

tetrakis(p-tolyl)aluminate,  lithium tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-
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dimethylphenyl)aluminate,  lithium  tetrakis(3,5-dimethylphenyl)aluminate,  lithium
tetrafluoroaluminate, sodium tetrakis(pentafluorophenyl)aluminate, sodium
tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate,
sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
5  dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium
tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate, potassium tetrakis(p-
tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate, potassium tetrakis(2,4-
dimethylphenyl)aluminate, potassium tetrakis (3,5-dimethylphenyl)aluminate, potassium
tetrafluoroaluminate, and the like, or combinations thereof. Ionizing ionic compounds useful
10  in this invention are not limited to these; other examples of ionizing ionic compounds are
disclosed in U.S. Patent Nos. 5,576,259 and 5,807,938, the disclosures of which are

incorporated herein by reference in their entirety.

OLEFIN MONOMERS

15 Unsaturated reactants that can be employed with catalyst compositions and
polymerization processes of this invention typically include olefin compounds having from 2
to 30 carbon atoms per molecule and having at least one olefinic double bond. This invention
encompasses homopolymerization processes using a single olefin such as ethylene or
propylene, as well as copolymerization, terpolymerization, etc., reactions using an olefin

20 monomer with at least one different olefinic compound. For example, the resultant ethylene
copolymers, terpolymers, etc., generally contain a major amount of ethylene (>50 mole
percent) and a minor amount of comonomer (<50 mole percent), though this is not a
requirement. Comonomers that can be copolymerized with ethylene often have from 3 to 20
carbon atoms in their molecular chain.

25 Acyclic, cyclic, polycyclic, terminal (), internal, linear, branched, substituted,
unsubstituted, functionalized, and non-functionalized olefins can be employed in this
invention. For example, typical unsaturated compounds that can be polymerized with the
catalyst compositions of this invention include, but are not limited to, ethylene, propylene, 1-
butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene,

30 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene,
3-heptene, the four normal octenes (e.g., 1-octene), the four normal nonenes, the five normal
decenes, and the like, or mixtures of two or more of these compounds. Cyclic and bicyclic

olefins, including but not limited to, cyclopentene, cyclohexene, norbornylene,
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norbornadiene, and the like, also can be polymerized as described above. Styrene can also be
employed as a monomer in the present invention. In an aspect, the olefin monomer is a C,-
Co olefin; alternatively, the olefin monomer is ethylene; or alternatively, the olefin monomer
is propylene.

5 When a copolymer (or alternatively, a terpolymer) is desired, the olefin monomer can
comprise, for example, ethylene or propylene, which is copolymerized with at least one
comonomer. According to one aspect of this invention, the olefin monomer in the
polymerization process comprises ethylene. In this aspect, examples of suitable olefin
comonomers include, but are not limited to, propylene, 1-butene, 2-butene, 3-methyl-1-

10  butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-
hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-decene,
styrene, and the like, or combinations thereof. According to one aspect of the present
invention, the comonomer can comprise 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene,
styrene, or any combination thereof.

15 Generally, the amount of comonomer introduced into a reactor zone to produce the
copolymer is from about 0.01 to about 50 weight percent of the comonomer based on the
total weight of the monomer and comonomer. According to another aspect of the present
invention, the amount of comonomer introduced into a reactor zone is from about 0.01 to
about 40 weight percent comonomer based on the total weight of the monomer and

20 comonomer. In still another aspect, the amount of comonomer introduced into a reactor zone
is from about 0.1 to about 35 weight percent comonomer based on the total weight of the
monomer and comonomer. Yet, in another aspect, the amount of comonomer introduced into
a reactor zone is from about 0.5 to about 20 weight percent comonomer based on the total
weight of the monomer and comonomer.

25 While not intending to be bound by this theory, where branched, substituted, or
functionalized olefins are used as reactants, it is believed that a steric hindrance can impede
and/or slow the polymerization process. Thus, branched and/or cyclic portion(s) of the olefin
removed somewhat from the carbon-carbon double bond would not be expected to hinder the
reaction in the way that the same olefin substituents situated more proximate to the carbon-

30 carbon double bond might. According to one aspect of the present invention, at least one
monomer/reactant is ethylene, so the polymerizations are either a homopolymerization
involving only ethylene, or copolymerizations with a different acyclic, cyclic, terminal,

internal, linear, branched, substituted, or unsubstituted olefin. In addition, the catalyst
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compositions of this invention can be used in the polymerization of diolefin compounds

including, but not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

CATALYST COMPOSITION
5 The present invention employs catalyst compositions containing catalyst component I,
catalyst component II, and at least one activator. For example, in one aspect, a suitable
catalyst composition can comprise catalyst component I, catalyst component II, and an
activator-support (e.g., a chemically-treated solid oxide), while in another aspect, a suitable
catalyst composition can comprise catalyst component I, catalyst component II, and an
10  aluminoxane (e.g., methylaluminoxane). Optionally, these catalyst compositions can further
comprise one or more organoaluminum compounds. These catalyst compositions can be
utilized to produce polyolefins — homopolymers, copolymers, and the like — for a variety of
end-use applications. The catalyst components I and II were discussed above.
In accordance with aspects of the present invention, it is contemplated that catalyst
15 component I can contain more than one bridged metallocene compound and/or catalyst
component I can contain more than one metallocene compound. Further, additional
metallocene compounds — other than those specified in catalyst component I or catalyst
component II — can be employed in the catalyst composition and/or the polymerization
process, provided that the additional metallocene compound(s) does not detract from the
20 advantages disclosed herein. Additionally, more than one activator (e.g., more than one
activator-support, a combination of an activator-support and an aluminoxane, etc.) and/or
more than one organoaluminum compound also may be utilized.
Catalyst compositions of the present invention can comprise catalyst component I,
catalyst component II, and at least one activator. For instance, the activator can comprise an
25  activator-support, an aluminoxane compound, an organoboron or organoborate compound, an
ionizing ionic compound, and the like, or any combination thereof. Accordingly, the catalyst
composition can comprise catalyst component I, catalyst component II, and an activator-
support; alternatively, the catalyst composition can comprise catalyst component I, catalyst
component II, and an aluminoxane compound; alternatively, the catalyst composition can
30 comprise catalyst component I, catalyst component II, and an organoboron or organoborate
compound; or alternatively, the catalyst composition can comprise catalyst component I,
catalyst component II, and an ionizing ionic compound. Optionally, the catalyst composition

can further comprise an organoaluminum compound.
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8111ca-coated alumina, and the like, or combinations thereof. Additionally, the

organoaluminum compound can comprise trimethylaluminum, triethylaluminum, tri-n-

10  propylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-
octylaluminum, diisobutylaluminum hydride, diethylaluminum ethoxide, diethylaluminum
chloride, and the like, or combinations thereof.

In another aspect of the present invention, a catalyst composition is provided which
comprises catalyst component I, catalyst component II, an activator-support, and an

15  organoaluminum compound, wherein this catalyst composition is substantially free of
aluminoxanes, organoboron or organoborate compounds, ionizing ionic compounds, and/or
other similar materials; alternatively, substantially free of aluminoxanes; alternatively,
substantially free of organoboron or organoborate compounds; or alternatively, substantially
free of ionizing ionic compounds. In these aspects, the catalyst composition has catalyst

20  activity, to be discussed below, in the absence of these additional materials. For example, a
catalyst composition of the present invention can consist essentially of catalyst component I,
catalyst component II, an activator-support, and an organoaluminum compound, wherein no
other materials are present in the catalyst composition which would increase/decrease the
activity of the catalyst composition by more than about 10% from the catalyst activity of the

25  catalyst composition in the absence of said materials.

However, in other aspects of this invention, these activators/co-catalysts can be
employed. For example, a catalyst composition comprising catalyst component I, catalyst
component II, an activator-support, and an organoaluminum compound, can further comprise
an optional co-catalyst. Suitable co-catalysts in this aspect include, but are not limited to,

30 aluminoxane compounds, organoboron or organoborate compounds, ionizing ionic
compounds, and the like, or any combination thereof. More than one co-catalyst can be

present in the catalyst composition.



My 1000 Pol ymer (g) 21 MET-1-A -- 0 175 0.06 2.59 203 404 22 MET-1-A
MET-11-F 0.4 53 -- 0.26 316

WO 2011/002497 PCT/US2010/001842

59
In a particular aspect contemplated herein, the catalyst composition is a dual catalyst
composition comprising an activator (one or more than one), optionally an organoaluminum
compound (one or more than one), only one catalyst component I metallocene compound,
and only one catalyst component II metallocene compound. In these and other aspects, the
5  catalyst composition can comprise an activator; optionally, an organoaluminum compound,;
only one compound having formula (C) or formula (D); and only one compound selected
from MET-II-A, MET-II-B, MET-II-C, MET-II-D, MET-II-E, MET-II-F, MET-II-G, MET-
II-H, or a compound having formula (E). For instance, the catalyst composition can
comprise an activator-support, an organoaluminum compound, only one compound having
10 formula (C), and MET-II-A; alternatively, the catalyst composition can comprise an
activator-support, an organoaluminum compound, only one compound having formula (C),
and MET-II-B; alternatively, the catalyst composition can comprise an activator-support, an
organoaluminum compound, only one compound having formula (C), and MET-II-C;
alternatively, the catalyst composition can comprise an activator-support, an organoaluminum
15 compound, only one compound having formula (C), and MET-II-D; alternatively, the
catalyst composition can comprise an activator-support, an organoaluminum compound, only
one compound having formula (C), and MET-II-E; alternatively, the catalyst composition can
comprise an activator-support, an organoaluminum compound, only one compound having
formula (C), and MET-II-F; alternatively, the catalyst composition can comprise an activator-
20  support, an organoaluminum compound, only one compound having formula (C), and MET-
II-G; alternatively, the catalyst composition can comprise an activator-support, an
organoaluminum compound, only one compound having formula (C), and MET-II-H;
alternatively, the catalyst composition can comprise an activator-support, an organoaluminum
compound, only one compound having formula (C), and only one compound having formula
25 (E); alternatively, the catalyst composition can comprise an activator-support, an
organoaluminum compound, only one compound having formula (D), and MET-II-A;
alternatively, the catalyst composition can comprise an activator-support, an organoaluminum
compound, only one compound having formula (D), and MET-II-B; alternatively, the catalyst
composition can comprise an activator-support, an organoaluminum compound, only one
30 compound having formula (D), and MET-II-C; alternatively, the catalyst composition can
comprise an activator-support, an organoaluminum compound, only one compound having
formula (D), and MET-II-D; alternatively, the catalyst composition can comprise an

activator-support, an organoaluminum compound, only one compound having formula (D),
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and MET-II-E; alternatively, the catalyst composition can comprise an activator-support, an
organoaluminum compound, only one compound having formula (D), and MET-II-F;
alternatively, the catalyst composition can comprise an activator-support, an organoaluminum
compound, only one compound having formula (D), and MET-II-G; alternatively, the

5  catalyst composition can comprise an activator-support, an organoaluminum compound, only
one compound having formula (D), and MET-II-H; or alternatively, the catalyst composition

can comprise an activator-support, an organoaluminum compound, only one compound
having formula (D), and only one compound having formula (E). In these aspects, only two
metallocene compounds are present in the catalyst composition, i.e., one catalyst component I

10  metallocene compound and one catalyst component II metallocene compound. It is also
contemplated that a dual metallocene catalyst composition can contain minor amounts of an
additional metallocene compound(s), but this is not a requirement, and generally the dual
catalyst composition can consist essentially of the aforementioned two metallocene
compounds, and in the substantial absence of any additional metallocene compounds,

15  wherein any additional metallocene compounds would not increase/decrease the activity of
the catalyst composition by more than about 10% from the catalyst activity of the catalyst

composition in the absence of the additional metallocene compounds.

This invention further encompasses methods of making these catalyst compositions,

such as, for example, contacting the respective catalyst components in any order or sequence.

20 The metallocene compound from catalyst component I, catalyst component II, or
both, can be precontacted with an olefinic monomer if desired, not necessarily the olefin
monomer to be polymerized, and an organoaluminum compound for a first period of time
prior to contacting this precontacted mixture with an activator-support. The first period of

time for contact, the precontact time, between the metallocene compound or compounds, the
25  olefinic monomer, and the organoaluminum compound typically ranges from a time period of
about 1 minute to about 24 hours, for example, from about 0.05 hours to about 1 hour.
Precontact times from about 10 minutes to about 30 minutes are also employed.
Alternatively, the precontacting process is carried out in multiple steps, rather than a single

step, in which multiple mixtures are prepared, each comprising a different set of catalyst

30 components. For example, at least two catalyst components are contacted forming a first
mixture, followed by contacting the first mixture with at least one other catalyst component

forming a second mixture, and so forth.
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Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels. Further, multiple precontacting steps can be carried out in series (sequentially), in
parallel, or a combination thereof. For example, a first mixture of two catalyst components
can be formed in a first vessel, a second mixture comprising the first mixture plus one

5 additional catalyst component can be formed in the first vessel or in a second vessel, which is
typically placed downstream of the first vessel.

In another aspect, one or more of the catalyst components can be split and used in
different precontacting treatments. For example, part of a catalyst component is fed into a
first precontacting vessel for precontacting with at least one other catalyst component, while

10  the remainder of that same catalyst component is fed into a second precontacting vessel for
precontacting with at least one other catalyst component, or is fed directly into the reactor, or
a combination thereof. The precontacting can be carried out in any suitable equipment, such
as tanks, stirred mix tanks, various static mixing devices, a flask, a vessel of any type, or
combinations of these apparatus.

15 In another aspect of this invention, the various catalyst components (for example,
metallocene(s), activator-support, organoaluminum co-catalyst, and optionally an unsaturated
hydrocarbon) are contacted in the polymerization reactor simultaneously while the
polymerization reaction is proceeding. Alternatively, any two or more of these catalyst
components can be precontacted in a vessel prior to entering the reaction zone. This

20  precontacting step can be continuous, in which the precontacted product is fed continuously
to the reactor, or it can be a stepwise or batchwise process in which a batch of precontacted
product is added to make a catalyst composition. This precontacting step can be carried out
over a time period that can range from a few seconds to as much as several days, or longer.
In this aspect, the continuous precontacting step generally lasts from about 1 second to about

25 1 hour. In another aspect, the continuous precontacting step lasts from about 10 seconds to
about 45 minutes, or from about 1 minute to about 30 minutes.

Once the precontacted mixture of the metallocene compound(s), olefin monomer, and
organoaluminum co-catalyst is contacted with the activator-support, this composition (with
the addition of the activator-suppbrt) is termed the “postcontacted mixture.” The

30 postcontacted mixture optionally remains in contact for a second period of time, the
postcontact time, prior to initiating the polymerization process. Postcontact times between
the precontacted mixture and the activator-support generally range from about 1 minute to

about 24 hours. In a further aspect, the postcontact time is in a range from about 0.05 hours
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to about 1 hour. The precontacting step, the postcontacting step, or both, can increase the

productivity of the polymer as compared to the same catalyst composition that is prepared

without precontacting or postcontacting. However, neither a precontacting step nor a

postcontacting step is required.

5 The postcontacted mixture can be heated at a temperature and for a time period
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture and the
activator-support, such that a portion of the components of the precontacted mixture is
immobilized, adsorbed, or deposited thereon. Where heating is employed, the postcontacted
mixture generally is heated to a temperature of from between about 0 °F to about 150 °F, or

10  from about 40 °F to about 95 °F.

According to one aspect of this invention, the molar ratio of the moles of metallocene
compounds to the moles of organoaluminum compound in a catalyst composition generally is
in a range from about 1:1 to about 1:10,000. In another aspect, the molar ratio is in a range
from about 1:1 to about 1:1,000. Yet, in another aspect, the molar ratio of the moles of

15 metallocene compounds to the moles of organoaluminum compound is in a range from about
1:1 to about 1:100. These molar ratios reflect the ratio of total moles of metallocene
compounds (catalyst component I, catalyst component II, other metallocenes, etc.) to the total
amount of organoaluminum compound (or compounds) in both the precontacted mixture and
the postcontacted mixture combined, if precontacting and/or postcontacting steps are

20 employed.

When a precontacting step is used, the molar ratio of the total moles of olefin
monomer to total moles of metallocene(s) in the precontacted mixture is typically in a range
from about 1:10 to about 100,000:1. Total moles of each component are used in this ratio to
account for aspects of this invention where more than one olefin monomer and/or more than

25 one metallocene is employed in a precontacting step. Further, this molar ratio can be in a
range from about 10:1 to about 1,000:1 in another aspect of the invention.

Generally, the weight ratio of organoaluminum compound to activator-support is in a
range from about 10:1 to about 1:1000. If more than one organoaluminum compound and/or
more than one activator-support is employed, this ratio is based on the total weight of each

30 respective component. In another aspect, the weight ratio of the organoaluminum compound
to the activator-support is in a range from about 3:1 to about 1:100, or from about 1:1 to
about 1:50.
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employed, this ratio is based on the total weight of each respective component. In another
aspect, this weight ratio is in a range from about 1:5 to about 1:100,000, or from about 1:10

5  to about 1:10,000. Yet, in another aspect, the weight ratio of the metallocene compounds to
the activator-support is in a range from about 1:20 to about 1:1000.

In one aspect of this invention, the molar ratio of catalyst component I to catalyst
component II in the catalyst composition is in a range from about 5:1 to about 100:1, such as,
for example, from about 6:1 to about 75:1, from about 7:1 to about 50:1, or from about 8:1 to

10  about 25:1. Yet, in another aspect, the molar ratio of catalyst component I to catalyst
component II in the catalyst composition ranges from about 5:1 to about 20:1. For instance,
the molar ratio of catalyst component I to catalyst component II in the catalyst composition
can be in a range from about 6:1 to about 18:1, from about 7:1 to about 16:1, or from about
8:1 to about 15:1. According to still another aspect of the invention, molar ratios of catalyst

15 component I to catalyst component II in the catalyst composition of about 6:1, about 7:1,
about 8:1, about 9:1, about 10:1, about 11:1, about 12:1, about 13:1, about 14:1, about 15:1,
about 16:1, about 17:1, and about 18:1, are contemplated herein.

Catalyst compositions of the present invention generally have a catalyst activity
greater than about 100 grams of polyethylene (homopolymer, copolymer, etc., as the context

20  requires) per gram of activator-support per hour (abbreviated gP/(gAS-hr)). In another
aspect, the catalyst activity is greater than about 150, greater than about 200, or greater than
about 250 gP/(gAS-hr). In still another aspect, catalyst compositions of this invention are
characterized by having a catalyst activity greater than about 500, greater than about 1000, or
greater than about 1500 gP/(gAS-hr). Yet, in another aspect, the catalyst activity is greater

25 than about 2000 gP/(gAS-hr). This activity is measured under slurry polymerization
conditions using isobutane as the diluent, at a polymerization temperature of about 90°C and
an ethylene pressure of about 550 psig.

As discussed above, any combination of the metallocene compound(s), the activator-
support, the organoaluminum compound, and the olefin monomer, can be precontacted in

30  some aspects of this invention. When any precontacting occurs with an olefinic monomer, it
is not necessary that the olefin monomer used in the precontacting step be the same as the

olefin to be polymerized. Further, when a precontacting step among any combination of the
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catalyst components is employed for a first period of time, this precontacted mixture can be
used in a subsequent postcontacting step between any other combination of catalyst
components for a second period of time. For example, the metallocene compounds, the
organoaluminum compound, and 1-hexene can be used in a precontacting step for a first
period of time, and this precontacted mixture then can be contacted with the activator-support
to form a postcontacted mixture that is contacted for a second period of time prior to
initiating the polymerization reaction. For example, the first period of time for contact, the
precontact time, between any combination of the metallocene compound(s), the olefinic
monomer, the activator-support, and the organoaluminum compound can be from about 1
minute to about 24 hours, from about 3 minutes to about 1 hour, or from about 10 minutes to
about 30 minutes. The postcontacted mixture optionally is allowed to remain in contact for a
second period of time, the postcontact time, prior to initiating the polymerization process.
According to one aspect of this invention, postcontact times between the precontacted
mixture and any remaining catalyst components is from about 1 minute to about 24 hours, or

from about 0.1 hour to about 1 hour.

POLYMERIZATION PROCESS

Catalyst compositions of the present invention can be used to polymerize olefins to
form homopolymers, copolymers, terpolymers, and the like. One such process for
polymerizing olefins in the presence of a catalyst composition of the present invention
comprises contacting the catalyst composition with an olefin monomer and optionally an
olefin comonomer under polymerization conditions to produce an olefin polymer, wherein
the catalyst composition comprises catalyst component I, catalyst component II, an activator
(e.g., an activator-support, an aluminoxane, etc.), and optionally an organoaluminum
compound. Catalyst component I can comprise a compound having formula (C), a
compound having formula (D), or a combination thereof. Catalyst component II can
comprise MET-II-A, MET-II-B, MET-II-C, MET-II-D, MET-II-E, MET-II-F, MET-II-G,
MET-II-H, or a compound having formula (E), or a combination thereof. The activator can
comprise an activator-support, an aluminoxane compound, an organoboron or organoborate
compound, an ionizing ionic compound, and the like, or combinations thereof. The activator-
support can comprise fluorided alumina, chlorided alumina, bromided alumina, sulfated
alumina, fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated

silica-alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia,
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The catalyst compositions of the present invention are intended for any olefin

polymerization method using various types of polymerization reactors. As used herein,

15  “polymerization reactor” includes any polymerization reactor capable of polymerizing olefin
monomers and comonomers (one or more than one comonomer) to produce homopolymers,
copolymers, terpolymers, and the like. The various types of reactors include those that may
be referred to as a batch reactor, slurry reactor, gas-phase reactor, solution reactor, high
pressure reactor, tubular reactor, autoclave reactor, and the like, or combinations thereof. The

20  polymerization conditions for the various reactor types are well known to those of skill in the
art. Gas phase reactors may comprise fluidized bed reactors or staged horizontal reactors.
Slurry reactors may comprise vertical or horizontal loops. High pressure reactors may
comprise autoclave or tubular reactors. Reactor types can include batch or continuous
processes. Continuous processes could use intermittent or continuous product discharge.

25  Processes may also include partial or full direct recycle of unreacted monomer, unreacted
comonomer, and/or diluent.

Polymerization reactor systems of the present invention may comprise one type of
reactor in a system or multiple reactors of the same or different type. Production of polymers
in multiple reactors may include several stages in at least two separate polymerization

30 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, polymerization in multiple reactors may
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example is polymerization of propylene monomer as disclosed in U.S. Patent Nos. 5,455,314,
which is incorporated by reference herein in its entirety.

According to yet another aspect of this invention, the polymerization reactor may

30 comprise at least one gas phase reactor. Such systems 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. Simultaneously,
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polymer product may be withdrawn from the reactor and new or fresh monomer may be
added to replace the 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 feeding a

5  catalyst-containing polymer formed in a first polymerization zone to a second polymerization
zone. One type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4,588,790,
and 5,436,304, each of which is incorporated by reference in its entirety herein.

According to still another aspect of the invention, a high pressure polymerization
reactor may comprise a tubular reactor or an autoclave reactor. Tubular reactors may have

10  several zones where fresh monomer, initiators, or catalysts are added. Monomer may be
entrained in an inert gaseous stream and introduced at one zone of the reactor. Initiators,
catalysts, and/or catalyst components may be entrained in a gaseous stream and introduced at
another zone of the reactor. The gas streams may be intermixed for polymerization. Heat
and pressure may be employed appropriately to obtain optimal polymerization reaction

15  conditions.

According to yet another aspect of the invention, the polymerization reactor may
comprise a solution polymerization reactor wherein the monomer/comonomer are contacted
with the catalyst composition by suitable stirring or other means. A carrier comprising an
inert organic diluent or excess monomer may be employed. If desired, the

20 monomer/comonomer may be brought in the vapor phase into contact with the catalytic
reaction product, in the presence or absence of liquid material. The polymerization zone is
maintained at temperatures and pressures that will result in the formation of a solution of the
polymer in a reaction medium. Agitation may be employed to obtain better temperature
control and to maintain uniform polymerization mixtures throughout the polymerization

25 zone. Adequate means are utilized for dissipating the exothermic heat of polymerization.

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

30 storage and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle,
storage, loadout, laboratory analysis, and process control.

Polymerization conditions that are controlled for efficiency and to provide desired

polymer properties can include temperature, pressure, and the concentrations of various
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reactants. Polymerization temperature can affect catalyst productivity, polymer molecular
weight, and molecular weight distribution. A suitable polymerization temperature may be
any temperature below the de-polymerization temperature according to the Gibbs Free energy
equation. Typically, this includes from about 60 °C to about 280 °C, for example, or from
5 about 60 °C to about 110 °C, depending upon the type of polymerization reactor. In some
reactor systems, the polymerization temperature generally is within a range from about 70 °C

to about 90 °C, or from about 75 °C to about 85 °C.
Suitable pressures will also vary according to the reactor and polymerization type.
The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000

10  psig. Pressure for gas phase polymerization is usually at about 200 to 500 psig. High
pressure polymerization in tubular or autoclave reactors is generally run at about 20,000 to
75,000 psig. Polymerization reactors can also be operated in a supercritical region occurring
at generally higher temperatures and pressures. Operation above the critical point of a
pressure/temperature diagram (supercritical phase) may offer advantages.

15 According to one aspect of this invention, the ratio of hydrogen to the olefin monomer
in the polymerization process is controlled. This weight ratio can range from 0 ppm to about
10,000 ppm of hydrogen, based on the weight of the olefin monomer. For instance, the
reactant or feed ratio of hydrogen to olefin monomer can be controlled at a weight ratio
which falls within a range from about 10 ppm to about 7500 ppm, from about 10 ppm to

20  about 5000 ppm, or from about 10 ppm to about 1000 ppm.

It is also contemplated that monomer, comonomer (or comonomers), and/or hydrogen
can be periodically pulsed to the reactor, for instance, in a manner similar to that employed
in U.S. Patent No. 5,739,220 and U.S. Patent Publication No. 2004/0059070, the disclosures
of which are incorporated herein by reference in their entirety.

25 In ethylene polymerizations, the feed ratio of hydrogen to ethylene monomer,
irrespective of comonomer(s) employed, generally is controlled at a weight ratio within a
range from about 0 ppm to about 1000 ppm, but the specific weight ratio target can depend
upon the desired polymer molecular weight or melt index (MI). For ethylene polymers
(homopolymers, copolymers, etc.) having a MI around 1 g/10 min, the weight ratio of

30 hydrogen to ethylene is typically in a range from about 5 ppm to about 300 ppm, such as, for
example, from about 10 ppm to about 250 ppm, or from about 10 ppm to about 200 ppm.
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Processes of the present invention which utilize a catalyst composition comprising
catalyst component I, catalyst component II, and an activator (e.g., an activator-support, and
optionally an organoaluminum compound), unexpectedly, can provide an increase in polymer
production rate, or polymer output rate (Ib/hr). For instance, in one aspect of this invention,

5 an amount of the olefin polymer produced per hour by the process (e.g., a continuous
polymerization process) is at least 10% greater than an amount of an olefin polymer obtained
per hour under the same polymerization conditions without catalyst component II. In another
aspect, the amount of the olefin polymer produced per hour by the process is from about 10%
to about 50%, from about 10% to about 40%, or from about 10% to about 30%, greater than

10 the amount of the olefin polymer obtained per hour under the same polymerization conditions
without catalyst component II. In yet another aspect, the amount of the olefin polymer
produced per hour by the process is from about 15% to about 35% greater than the amount of
the olefin polymer obtained per hour under the same polymerization conditions without
catalyst component II. In still another aspect, these increases in production rate (e.g., the

15 amount of polymer produced per hour) can be achieved with a molar ratio of catalyst
component I to catalyst component II in a range, for example, from about 6:1 to about 75:1,
from about 7:1 to about 50:1, from about 8:1 to about 25:1, or from about 8:1 to about 15:1.
In certain aspects, these increases in production rate can be attained when the catalyst
component I metallocene contains an alkenyl moiety, and/or when the olefin polymer

20 produced by the process is an ethylene copolymer having a density in a range from about
0.89 to about 0.93 g/cm’ (alternatively, from about 0.90 to about 0.92 g/cm®), and/or when
the olefin polymer produced by the process is an ethylene copolymer having a melt index in a
range from about 0.1 to about 5 g/10 min (alternatively, from about 0.5 to about 1.5 g/10
min).

25 In another aspect, the disclosed processes can be methods of increasing polymer
production rate. One such method for increasing the polymer production rate of an olefin
polymerization process (e.g., a continuous polymerization process) operating in the presence
of a catalyst composition, wherein the catalyst composition comprises catalyst component I,
an activator (e.g., an aluminoxane, an activator-support, etc.), and optionally an

30 organoaluminum compound, can comprise introducing catalyst component II at a molar ratio
of catalyst component I to catalyst component II in a range of from about 6:1 to about 75:1 to
the catalyst composition. Alternatively, catalyst component II can be added to the catalyst

composition to achieve a molar ratio of catalyst component I to catalyst component II which
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falls within a range from about 7:1 to about 50:1, from about 8:1 to about 25:1, or from about
8:1 to about 15:1. This method for increasing the polymer production rate of an olefin
polymerization process can increase the polymer production rate (lb/hr) by about 10% to
about 50%, by about 10% to about 40%, by about 15% to about 35%, or by about 15% to
5  about 30%, as compared to the polymer production rate prior to the addition of catalyst
component II. Furthermore, these increases in polymer production rate may be attained when
the catalyst component I metallocene contains an alkenyl moiety, and/or when the olefin
polymer produced by the process is an ethylene copolymer having a density in a range from
about 0.89 to about 0.93 g/cm’ (alternatively, from about 0.90 to about 0.92 g/cm®), and/or
10 when the olefin polymer produced by the process is an ethylene copolymer having a melt
index in a range from about 0.1 to about 5 g/10 min (alternatively, from about 0.5 to about

1.5 g/10 min).

In addition, Applicants contemplate that aspects of this invention may provide the

aforementioned production rate increases and may tangibly benefit continuous

15  polymerization processes (e.g., loop slurry, gas phase, solution, and the like, or combinations
thereof) in which production runs of a particular polymer grade (e.g., a desired polymer resin
grade having a targeted melt index and density) are generally in excess of approximately 8-12
hours. Additionally, longer production runs of a particular polymer grade, such as in excess
of 24 hours, or 36 hours, or 48 hours, or 72 hours, or 96 hours, or 120 hours, or 144 hours,

20  and so forth, may benefit even more so from the methods of increasing polymer production
rate and the olefin polymerization processes disclosed herein.

The concentration of the reactants entering the polymerization reactor can be
controlled to produce resins with certain physical and mechanical properties. The proposed
end-use product that will be formed by the polymer resin and the method of forming that

25  product ultimately can determine the desired polymer properties and attributes. Mechanical
properties include tensile, flexural, impact, creep, stress relaxation, and hardness tests.
Physical properties include density, molecular weight, molecular weight distribution, melting
temperature, glass transition temperature, temperature melt of crystallization, density,
stereoregularity, crack growth, long chain branching, and rheological measurements.

30 This invention is also directed to, and encompasses, the polymers produced by any of
the polymerization processes disclosed herein. Articles of manufacture can be formed from,

and/or can comprise, the polymers produced in accordance with this invention.
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POLYMERS AND ARTICLES

If the resultant polymer produced in accordance with the present invention is, for
example, a polymer or copolymer of ethylene, its properties can be characterized by various
analytical techniques known and used in the polyolefin industry. Articles of manufacture can

5  be formed from, and/or can comprise, the ethylene polymers of this invention, whose typical
properties are provided below.

The processes disclosed herein, utilizing the above-described dual catalyst systems,
may result in a polymer having an increased molecular weight, for instance, an increased
weight-average molecular weight (Mw). In some aspects of this invention, the Mw of an

10 olefin polymer produced by the process (comprising catalyst component I, catalyst
component II, etc.) is at least 10% greater than a Mw of an olefin polymer obtained under the
same polymerization conditions without catalyst component II. For instance, the Mw of the
olefin polymer produced by the process can be from about 10% to about 100% greater, from
about 15% to about 100% greater, from about 15% to about 75% greater, or from about 15%

15 to about 50% greater, than the Mw of the olefin polymer obtained under the same
polymerization conditions without catalyst component II. In another aspect, the Mw of the
olefin polymer produced by the process is from about 10% to about 40% greater than the Mw
of the olefin polymer obtained under the same polymerization conditions without catalyst
component II. In accordance with yet another aspect of this invention, these increases in Mw

20  (e.g., about 10% to about 100%) can be achieved with a molar ratio of catalyst component I
to catalyst component II in a range from about 6:1 to about 75:1, from about 7:1 to about
50:1, from about 8:1 to about 25:1, or from about 8:1 to about 15:1, for example.

Likewise, polymerization processes disclosed herein can result in polymers having a
lower melt index (MI) and/or high load melt index (HLMI). In one aspect of this invention,

25  the MI and/or HLMI of an olefin polymer produced by the process (comprising catalyst
component I, catalyst éomponent II, etc.) is at least 10% less than a MI and/or HLMI of an
olefin polymer obtained under the same polymerization conditions without catalyst
component II. For instance, the MI and/or HLMI of the olefin polymer produced by the
process can be from about 15% to about 80% less, from about 15% to about 70% less, from

30 about 15% to about 60% less, or from about 15% to about 50% less, than the MI and/or
HLMI of the olefin polymer obtained under the same polymerization conditions without
catalyst component II. In another aspect, the MI and/or HLMI of the olefin polymer
produced by the process is from about 20% to about 60% less than the MI and/or HLMI of



67.6 68.2 67.9 67.9 Solids Concentration. W. % 39.5 38.6 38.6 38.2 38.2
Pol ymer Production (I b/hr) 47.0 45.5 45.7 45.3 45.3 Density (pellets)
(g/cc) --WO0 2011/002497 PCT/US2010/001842

72
the olefin polymer obtained under the same polymerization conditions without catalyst
component II. In accordance with yet another aspect of this invention, these decreases in MI
and/or HLMI (e.g., about 15% to about 80%) can be achieved with a molar ratio of catalyst
component I to catalyst component II in a range from about 6:1 to about 75:1, from about 7:1
5 toabout 50:1, from about 8:1 to about 25:1, or from about 8:1 to about 15:1, for example.

The polymers of ethylene (homopolymers, copolymers, terpolymers, etc.) produced in
accordance with the processes of this invention generally have a melt index from about 0.01
to about 20 g/10 min. Melt indices in the range from about 0.1 to about 15 g/10 min, or from
about 0.1 to about 10 g/10 min, are contemplated in some aspects of this invention. For
10 example, a polymer of the present invention can have a melt index in a range from about 0.1

to about 5, from about 0.25 to about 2, or from about 0.5 to about 1.5 g/10 min.
The density of ethylene-based polymers produced using the combination of
metallocene compounds disclosed herein typically falls within the range from about 0.89 to

about 0.94 g/cm’, such as, for example, from about 0.89 to about 0.92 g/em®

. In one aspect

15  of this invention, the density of the ethylene polymer is in a range from about 0.90 to about

0.94 g/cm®. Yet, in another aspect, the density is in a range from about 0.91 to about 0.94
g/cm’ or, alternatively, from about 0.91 to about 0.93 g/em’.

Polymers of ethylene, whether homopolymers, copolymers, terpolymers, and so forth,

can be formed into various articles of manufacture. Articles which can comprise polymers of

20  this invention include, but are not limited to, an agricultural film, an automobile part, a bottle,

a drum, a fiber or fabric, a food packaging film or container, a food service article, a fuel

tank, a geomembrane, a household container, a liner, a molded product, a medical device or

material, a pipe, a sheet or tape, a toy, and the like. Various processes can be employed to

form these articles. Non-limiting examples of these processes include injection molding,

25 blow molding, rotational molding, film extrusion, sheet extrusion, profile extrusion,

thermoforming, and the like. Additionally, additives and modifiers are often added to these

polymers in order to provide beneficial polymer processing or end-use product attributes.

EXAMPLES
30 The invention is further illustrated by the following examples, which are not to be
construed in any way as imposing limitations to the scope of this invention. Various other

aspects, embodiments, modifications, and equivalents thereof which, after reading the
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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.

Melt index (MI, g/10 min) was determined in accordance with ASTM D1238 at 190
°C with a 2,160 gram weight.

5 High load melt index (HLMI, g/10 min) was determined in accordance with ASTM
D1238 at 190 °C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15 °C per hour, and conditioned for about 40
hours at room temperature in accordance with ASTM D1505 and ASTM D1928, procedure

10 C.

Molecular weights and molecular weight distributions were obtained using a PL 220
SEC high temperature chromatography unit (Polymer Laboratories) with trichlorobenzene
(TCB) as the solvent, with a flow rate of 1 mL/minute at a temperature of 145 °C. BHT
(2,6-di-tert-butyl-4-methylphenol) at a concentration of 0.5 g/L was used as a stabilizer in the

15 TCB. An injection volume of 200 ul. was used with a nominal polymer concentration of 1.5
mg/mL. Dissolution of the sample in stabilized TCB was carried out by heating at 150 °C for
5 hours with occasional, gentle agitation. The columns used were three PLgel Mixed A LS
columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard
(Phillips Marlex® BHB 5003) for which the molecular weight had been determined.

20 Sulfated alumina was formed by a process wherein alumina was chemically-treated
with a sulfate or bisulfate source. Such a sulfate or bisulfate source may include, for
example, sulfuric acid, ammonium sulfate, or ammonium bisulfate. In an exemplary
procedure, a commercial alumina sold as W.R. Grace Alumina A was sulfated by
impregnation with an aqueous solution containing about 15-20% (NH4),SO4 or H,SO,. This

25  sulfated alumina was calcined at 550 °C in air (240 °C/hr ramp rate), with a 3 hr hold period
at this temperature. Afterward, the sulfated alumina was collected and stored under dry
nitrogen, and was used without exposure to the atmosphere.

Examples 1-35 were conducted in a one-gallon stainless steel semi-batch reactor.
Isobutane and alkyl aluminum co-catalyst were used in all polymerization experiments. The

30 typical polymerization procedure was conducted as follows: alkyl aluminum (TIBA,
triisobutylaluminum), the activator-support (sulfated alumina) and the metallocene were
added in order through a charge port while venting isobutane vapor. The charge port was

closed and about 2 liters of isobutane were added. The contents of the reactor were stirred
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and heated to the desired run temperature, and ethylene was then introduced along with the
desired amount of 1-hexene. Ethylene was fed on demand to maintain the specified pressure
for the specified length of the polymerization run. The reactor was maintained and controlled
at the desired run temperature throughout the polymerization. Upon completion, or at a
5  desired time during the run, the ethylene flow was stopped and a sample of the reactor vapor
phase was removed. Thereafter, the reactor pressure was slowly vented off. Alternatively,
ethylene flow was again introduced into the reactor and the reaction was allowed to run
additional time until the end of the reaction and the aforementioned vent off. The reactor was
opened and the polymer product was collected and dried under vacuum at approximately 50

10  °C for at least two hours.

EXAMPLES 1-2
Hydrogen generated by ethylene feedstock and sulfated alumina and TIBA

15 The conditions employed were a reaction temperature of 95 °C, 340 psig ethylene
feed, 2 L of isobutane, 100 mg sulfated alumina, 0.5-1.0 mg of the metallocene, and 0.5 mL
of 1 M TIBA. Calculations based on these conditions led to an estimated initial vapor
volume of 1.27 L and a liquid volume of 2.5 L (for the 1-gallon reaction vessel). Using this
information, the reactor vapor sample, and a calibrated micro-GC capable of detecting small

20  levels of hydrogen in the vapor space of the reactor, the mole ppm level of hydrogen in the
reactor can be determined.

In Example 1, no metallocene, sulfated alumina, or TIBA was charged to the reactor.
The amount of hydrogen observed in the vapor phase sample was analyzed to be about 6 ppm
at the 340 psig pressure.

25 In Example 2, no metallocene was charged to the reactor. The amount of hydrogen

due to sulfated alumina and TIBA was determined to be about 13 ppm.

EXAMPLES 3-6

Hydrogen generated by MET-I-A in olefin polymerization
30
Under the conditions of Example 1, the polymerizations of Examples 3-6 utilized 0.5

mg of MET-I-A and the reaction times and amount of 1-hexene comonomer listed in Table 1.

Hydrogen was generated even with no 1-hexene comonomer present, but higher levels of
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EXAMPLES 7-20
Hydrogen generated by MET-I-B, MET-II-A, and dual catalyst using MET-I-B and MET-II-A
10 in olefin polymerization
Under the conditions of Example 1, the polymerizations of Examples 7-20 utilized 1
mg of MET-I-B, 1 mg of MET-II-A, or 1 mg total of the dual catalyst (0.5 mg each of MET-
I-B and MET-II-A). Table II lists the ppm hydrogen generated for each catalyst system after
15  a l-hour reaction time at specific 1-hexene comonomer loadings. Interestingly, the hydrogen
generated by the dual catalyst system seemed to track closely with that of the MET-II-A
catalyst, and not with the MET-I-B catalyst.

Table II. Hydrogen generation of Examples 7-20.

20
1-hexene | Hydrogen
Example Catalyst @ (ppm)

7 MET-I-B 0 197

8 MET-I-B 5 226

9 MET-I-B 10 254
10 MET-II-A 0 30
11 MET-II-A 5 38
12 MET-li-A 10 45
13 MET-II-A 20 57
14 MET-II-A 40 75
15 MET-II-A 80 94
16 DUAL 0 61
17 DUAL 5 80
18 DUAL 10 80
19 DUAL 20 100
20 DUAL 40 143
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20 EXAMPLES 31-35

Hydrogen consumption by various 2nd catalysts

Examples 31-35 utilized substantially the same conditions as that of Examples 24-27,
except that no 1st catalyst was employed. The approximate 17 mg addition of hydrogen
25  resulted in approximately 1800 ppm of hydrogen in the vapor phase. Table IV lists the ppm

hydrogen remaining (hydrogen concentration) after 30 minutes at the specified conditions.
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cat al yst the esmpia&dohition into the autoclave, briefly contacting the TIBA/metallocene just before

25  entering the autoclave. The combined solution flush used to transport the activator-support
into the autoclave was set at a rate that would result in a residence time of approximately 10-
30 minutes in the autoclave, controlled by adjusting the isobutane flow rate. The total flow

from the autoclave then entered the loop reactor.
Ethylene used was polymerization grade ethylene (obtained from AirGas Specialty
30 Gases) which was purified through a column of A201 alumina and activated at 343 °C in
nitrogen. 1-Hexene used was polymerization grade 1-hexene (obtained from Chevron Phillips

Chemical Company), which was further purified by distillation and subsequently passed
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further purified by distillation and subsequently passed through a column of AZ300
molecular sieves and activated at 343 °C in nitrogen.

Reactor pressure was approximately 590 psig. The reaction temperatures employed
are listed in Table V. Additionally, the reactor was operated to have a residence time of
about 1.1 to 1.2 hours. The activator-support was added through a 0.35-mL circulating ball-
check feeder and fed to the 300, 500 or 1000-mL autoclave as described above. Metallocene
concentrations in the reactor were within a range of about 2.4-3.6 parts per million (ppm) of
the diluent in the polymerization reactor. Polymer was removed from the reactor at the rates
indicated in Table V and recovered in a flash chamber. A Vulcan dryer was used to dry the
polymer under nitrogen at about 60-80 °C for the smaller volume reactor. The larger reactor
was used in conjunction with a purge column operating in same temperature range.

TIBA concentration in the reactor was in a range of about 39-49 ppm of the diluent in
the polymerization reactor, as listed in Table V. About one-half of the TIBA was added to
the autoclave and the remainder.fed directly to the reactor. To prevent static build-up in the
reactor, a small amount (less than 5 ppm based on the weight of diluent) of a commercial
antistatic agent, such as Octastat 3000, was added as needed. The polymerization conditions
and resultant polymer properties for Examples 36-40 are listed in Table V. No effort was
made to increase or to maximize the production of polymer in Examples 36-40.

The addition of MET-II-A — even at very low molar ratios — resulted in a substantial
increase in polymer molecular weight and, accordingly, a substantial decrease in polymer
melt index. Interestingly, this result occurred even though the molecular weight (Mw, Mn) of
the polymer produced by MET-II-A was less than the molecular weight of the polymer
produced by MET-I-A in Examples 37 and 39-40. Also, it should be noted that Applicants
believe that the molecular weight of a polymer that would be produced if MET-II-A were
used alone in place of MET-I-A in Examples 36 and 38 would be less than the molecular

weight of the polymer produced by MET-I-A in Examples 36 and 38.
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Molar Ratio -- 8.3:1 - 11. 11.5:1
Autoclave Residence
Time(min) 154 17.6 14.9 15.9 16.1
Co-catalyst Type TIBA TIBA TIBA TIBA TIBA
Co-catalyst in reactor
(ppm) 43.37 44.01 40.56 46.7 46.48
Rx Temp (°F) 171.4 171.3 171.7 171.8 171.8
Hydrogen (mol %) 0.021 0.011 0.013 0.010 0.011
Ethylene (mol %) 10.4 10.3 9.9 10.1 10.2
1-hexene (mol%) 1.66 1.57 1.50 1.74 1.73
Hydrogen Feed Rate
(mib/hr) 2.3 2.3 1.6 1.6 1.6
Ethylene Feed Rate
(Ib/hr) 43.7 43.7 43.6 43.7 43.7
1-Hexene Feed Rate
(Ib/hr) 5.70 5.38 5.35 5.92 5.94
Total Isobutane Flow
Rate (lb/hr) 68.1 67.6 68.2 67.9 67.9
Solids Concentration.
Wt. % 39.5 38.6 38.6 38.2 38.2
Polymer Production
(Ib/hr) 47.0 45.5 45.7 453 453
Density (pellets)
(g/cc) - 0.9137 -- 0.9136 0.9136
Density (fluff)
(g/cc) 0.9139 0.9119 0.9145 0.9121 0.9120
HLMI (pellets) - 14.6 - 17 17.3
MI (pellets) -- 0.88 - 1.01 1.05
HLMI (fluff) 44.18 15.7 31.16 16.96 17.75
MI (fluff) 2.62 0.95 1.82 1.05 1.04
Mn/1000 (pellets) 40.0 384 43.9 44.7 44.1
Mw/1000 (pellets) 101.3 131.2 112.8 126.0 125.3
Mw/Mn (pellets) 2.53 3.42 257 2.82 2.84




having up to 10 carbon atons, or a bridging group having the fornul a
SiRi 2DRI 3fi _SsiRi 2ERI3E , wherein Rm Rim R12E, and R13E are

i ndependewol2y1ioer7a hydrocar byl group having up to 10 earhsmoavoerssy and
25R14, R15, R16, and R17 are independgntly H or a hydrocar byl

up to 18 carbon atons; and wherein catal yst conponent |l conprises:
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Constructin polymerization runs with MET-I-A, MET-I-A + MET-II-B, and MET-I-A +

MET-1I-C

Constructive Examples 41-44 are conducted in substantially the same manner and
utilize substantially the same procedures, conditions, etc., as that of Examples 36-40. For
Constructive Examples 41-44, the reactor pressure is approximately 590 psig, the reactor
temperature is in the 170-175 °F range, and the reactor is operated to have a residence time in
the 1.1-1.2 hour range. The metallocene concentrations in the reactor are in a range of about
2.4-3.6 ppm, and the TIBA concentration in the reactor is in a range of about 39-49 ppm, of
the diluent in the polymerization reactor. Other polymerization conditions are similar to
those disclosed in Table V. No effort is made to increase or to maximize the production of
polymer in Constructive Examples 41-44.

Constructive Example 41 utilizes about 3 ppm of MET-I-A and Constructive Example
42 utilizes about 2.5 ppm of MET-I-A along with MET-II-B at a MET-I-A:MET-II-B molar
ratio in a range from about 6:1 to about 75:1, for instance, about 9:1. Similarly, Constructive
Example 43 utilizes about 3.3 ppm of MET-I-A and Constructive Example 44 utilizes about
2.8 ppm of MET-I-A along with MET-II-C at a MET-I-A:MET-II-C molar ratio in a range
from about 6:1 to about 75:1, for instance, about 15:1.

It is expected that addition of, respectively, MET-II-B and MET-II-C — even at very
low molar ratios — will result in a substantial increase in polymer molecular weight and,

accordingly, a substantial decrease in polymer melt index.

CONSTRUCTIVE EXAMPLES 45-46

Constructive polymerization runs with catalyst component I and catalyst component Il

Constructive Example 45 utilizes a catalyst composition containing catalyst
component I (e.g., MET-I-A), sulfated alumina, TIBA, but no catalyst component II. A
polymer having a target melt index selected within a range from about 0.1 to about 5
g/10/min, for instance, a target melt index of 1 g/10 min, is produced using a commercial
production-scale loop slurry reactor under standard polymerization conditions. The reactor
size is about 27,000 gal, the reactor temperature is in the 170-205 °F range (e.g., 170-185 °F),
the reactor pressure is in the 550-750 psig range (e.g., 600-650 psig), the ethylene weight
percent is in the 3-9.5% range (e.g., 5-7%). Hydrogen can be added, but in Constructive

)
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group having

' Cl



Cp2/\ v 8 E\N \ / X9 Cp3(E); or any conbination thereof, wherein: 5Mb is
Zr or Hf; X8 and X9 are independently F;, C; Br; |I; nmethyl; benzyl;
phenyl ; HyoBbijo0@BR2 or SOBR, wherein R is an al kyl or a&cylusgeioopishavi ng up
to 18 carbon atons; or a hydrocarbyl ogi de group, a hydrocarbyl am no group,
or a hydrocarbylsilyl group, any of which having up to 18 carbon atons;
10Cp2 arBkafrpfes a8$£46,N USRI NS | Not2addé@! OPCHEGHIRAY ] -h&fenk NHEAYded FVihe _
substituent on Cp2 and Cp3 is independently H or a hydrocarbyl group having
up to 1POHRBEHIR RO t9Rfoduce an giefin olymes; hayingraydepsisy pvithiy the -8%@ 94 or nul a
- (CH2) N-g/enfh@n®, RorfindtsncdMa HEHsRPST ablduPO? glcph? Thi Pedddelidiratelfdr fiid AfyPT OCESS
of claim1, wherein the anmount’ of the ol €fin polyner prpc?uced per Hour by
the procdfm palymerdie-abeing 2 dobH endiBQiitdensin) irexapeted tohbmint heangerof] nluo;of t he

ol ef isn I ' r hour under the sanme polynerization conditions
W t hc?ut @ggpgg%@htgﬁ%gﬁg 1. WD 2011/ 002497PCT/ US2010/ 001842 86 3. The
process of C&FWEPVW@PW 46 emplpyged (fatalyst exoagpesition eautaimingvedathyst (Mn)  of

. . o
et gt - SonpaRa! R PURAERE s Ruflr 2o, e Pho cGThs SR A8 RuPical "onaer
t he sandl (scd- yMETiIFA)i dhe owiatiraticoofscateltsheampoveritd |ty satalgstropopendnt Il is iroa
range from about 6:1 to about 75:1, for instance, about 10:1. The same target olefin polymer
10 is produced in the loop slurry reactor at the same polymerization conditions: a melt index of
about 1 g/10 min and a density of about 0.91 g/cm®. The production rate for this target olefin

polymer with the dual catalyst system is expected to increase to a rate of about 38,000 to

about 44,000 Ib/hr.

15 EXAMPLES 47-48
Large scale experimental polymerization run with catalyst component I and catalyst
component I

Example 47 utilized a catalyst composition containing catalyst component I (MET-I-

20 A), sulfated alumina, and TIBA, but no catalyst component II. A polymer having a nominal
melt index of approximately 1.5 g/10 min, and a nominal density of approximately 0.916
g/em®, was produced. A commercial production-scale loop slurry reactor running under
standard polymerization conditions was employed. The reactor size was about 27,000 gal,
the reactor temperature was in the 170-173 °F range, the reactor pressure was in the 570-615

25  psig range, and the ethylene weight percent was in the 5-6% range by weight. Hydrogen was
added to the reactor at a rate within the 0.5-0.6 1b/hr range. Continuous production of the
polymer of Example 47 was conducted for over 48 hours. The maximum production rate for
this polymer using only catalyst component I, averaged over the highest 24-hr period, was
approximately 30,800 Ib/hr.

30 Example 48 utilized a catalyst composition containing catalyst component I (MET-I-
A), sulfated alumina, and TIBA, but also contained catalyst component II (MET-1I-A). The
molar ratio of catalyst component I to catalyst component II in the catalyst composition was
approximately 10:1. The combined metallocene feed rate (MET-I-A plus MET-II-A) to the

reactor in Example 48 was the same as the metallocene feed rate of MET-I-A to the reactor in



a nelt index (M) of the olefin polyner produced by the process is at |east
10% | ess than a M of an ol efin polyner obtained under the sane

pol yer i 280i20n/me4di t i ons wi t hout catal yst conponent || pcorust@a/ohisgh | oad
melt index (HLM) of the olefin polyngr produced by the process is at |east
10% | ess than a HLM of an ol efin polyner obtained under the sane

pol yer i Bainpi7c 08 @olyhieh Savihgd b@uﬁmﬁﬁhﬁit){r&l‘ex %Pﬁﬂ%ﬁﬂltatel;l 1.3QJ1088, &RTRI nati on
thereof 15 .4.The. process of claim1, wher a nelt 1ndex of the

ol efin g@py%ﬂem%cﬂj@@ar%ynqtﬂg 0314 c¥em s Pﬁodaw?dan@ecqmla?ﬁcabmducfw-t 0
about 5 sgdid Godp dhirrPkeactor rurfi‘urifé‘i‘l'ilﬁieI= ¥tafard B61 gﬂ'eﬁidnan p:@hd’iﬁ@ﬂs_ QE@QH@%%dby t he

process is in a range from about 89 to a both. 5. The
process G Teacr #ize Waﬁﬁé?‘élzﬁ 090 1ga, éhe TP%?TGGIBPGTE‘H{%‘V%SSIP thﬁ)h%fblrﬂe’*ntF TRngep

cat alsystih&paaen ubd whdint [ about
61 Ty e plals widip B STGES BB HATRAR he llyiche Midh BARAR e 2 o
process theS€Enmnes @dwﬂﬁht hHygrogerewacadded by the sepstor at a zatouiityin the 6-0 7

hydr Ogerlb/ﬁlprahgke @Arﬁi%h&hs@&ﬁ@ﬁ&n ofthé 6lgﬂ9rﬁoffﬂx9mbfé%%asjc9nm{@dttgr&Q pyg 200
ppm 7. The process of claim erg e act tor-support conprises a
sol i d oxious. t Theymadinggn vnerﬂcmn gite dor this pplyndr avmglgalakylsbnompmmel and

the soli (S I um na i at ed
al um na, cquyé nu‘rﬁﬁ ogp t%ul é’?grmthﬁ hlilépo%a%aﬁxl Hrﬁ’gt g’ra %a rozt“l’Pr?kel S? 360
titaldi a,lbhir d&niad,ditmaglfe@taéyst tsvomlpanenz |Ihtp thei cidalysh crmpedtlmx mteltédmf eof , or
any m xt. n 2011/ 00249 /USZOlO/ 001842 87 t he

el ect ror%hlc\r/rvlgs &ﬁgﬁﬁ%ﬁgﬂq%ﬁg&%gm Qos s%]llof’at e, bisulfate, fluoride,

chl oride, brom de, iodide, fluorosulfate, fluoroborate, phosphate,

fl uorophosphate, trifluoroacetate, triflate, fluorozirconate,
fluorotitanate, phospho-tungstate, or any conbination thereof. 58. The
process of claim1, wherein the activator-support conprises fluorided

al um na, chlorided alum na, brom ded alum na, sulfated alum na, fluorided
silica-alum na, chlorided silica-alumna, brom ded silica-alumna, sulfated
silica-alum na, fluorided silica-zirconia, chlorided silica-zirconia,

brom ded silica-zirconia, sulfated silica-zirconia, fluorided
silicatitania, fluorided silica-coated alumna, sulfated silica-coated

al um na, phosphated silica-




10 coated alum na, or any conbination thereof. 9. The process of claim1l,
wher ei n t he organoal um num conpound conpri ses

tri met hylabenriwoeesrr i et hyl al um num tri - n-propyl al um numpcrivseelooviskal um num
, triisobutylalum num tri-n-hexylaluggnum tri-n-octylal um num

di i sobutyl al um num 15 hydri de, diethylal um num ethoxi de, diethylal um num
chl ori deglapks: any conbi nation thereof. 10. The process of claim1l, wherein
the catal yst conposition further conprises an al um noxane comnmpound, an

or ganoboron or organoborate conpound, an ionizing ionic conpound, or any

conbi natj on tAiesie@ p ol%genihillonEﬂ%@es@ﬁﬁ@ﬁt@@es@@orﬁ#ﬁ .1, wherein catal yst
conmponent | conprises”a conmpound having for and wherein: X4 and X5

are i ndepend&antagting a @mIYBrCOmPOSIB@thVWl anmiéﬁwmonmernmdmntwnﬁy gs0lgfibr i dgi ng
gr oups seloafoh&fled LML g%%@ne%ﬁ&tlid?xp onQrto W&iu%‘%yéleﬂ{ ‘BUQmér @hé’i’@ﬁrt‘ﬁé n 7

3ARARA a bridging g havi ng t formul'a >Eerem E3A’I or Si, and R7A

and R8A eatabyst n%y@ﬁﬂmmqn}pn*s mlw,tlconmpm I, entalysy|componepk 11, perﬂcyvatomexyl

hept yl , propenyl, butenyl, pentenyl, hexenyl,
éﬁﬁ%&ﬂ an@@{‘é(éﬁanoq ﬁ?ﬂlungig ﬁ@l?ﬁh

heptenyl cteny onen phenyl , tonI, or benzyl, 30R_cR7 S
cRc a bridgi wdlegenmrpamauntngﬂteh:éeﬁrmthq presiRedBpakionr by the RT@®essRblat least

10% greater than an amount of an olefin polymer obtained per hour under the same
10  polymerization conditions without catalyst component II;
wherein catalyst component I comprises:
a compound having formula (C);
a compound having formula (D); or

any combination thereof, wherein:

15 formula (C) is Cp ; wherein:
M3 is Zr or Hf;
X* and X° are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH4; OBR; or
SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
20  which having up to 18 carbon atoms;
E? is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
a bridging group having the formula >E**RR3A, wherein E** is C or Si, and
v R’ and R* are independently H or a hydrocarbyl group having up to
25 18 carbon atoms,
a bridging group having the formula —CR™R®—CR’“R®*“—, wherein R’®,
R®, R’C, and R®C are independently H or a hydrocarbyl group having

up to 10 carbon atoms, or



WD 2011/ 002497PCT/ US2010/ 001842 88 R9 and Rl are independently H or
t-butyl. 12. The process of claiml1, wherein catalyst conmponent | conprises
a conpoumaiolrauiimgeoor nul a (D), and wherein: 5X6 and X7 a&ce/uscadepersdent|y F,
c, Br, |, benzyl, phenyl, or nethyl;g4£4 is a bridging group selected from
a cyclopentyl or cyclohexyl group, a bridging group having the fornula
>E4ARLI2ARL3A, whej 8tifgi @rdu§ Hevig tiR fonﬂﬂlq -RepAPRIPd_GRIRCEL e wihpdapR™ent | y
H, methyl, ethyl, prop bytyl d0pentyl, heXé heptyl, octyl, nonyl
decyl, ethenyl, propen§l s Routi@fAR": arsemeemnﬂsh B Mydracarbybeprp havpgny| |
nonenyl decenyl phenygﬂ,ﬁdydgona&mgrldglng group having the formula
CRlZBRISB—CRIZCRI C , wherein R 2B, R1313, Ruc, and RI3c are independently
H or met hyl , RoendRbareiigidergndenslyd nea/hysgocarhy! giorprhaving up to 18 carbon atoms;
SIR|2D§%§D si RI12ER13E , wherein 15 R 2D, Rol!), R12E5 and ..-.13E |Ic are

i ndependently H or nethyl and 9 -14 | c R15, R16, and Rl7 are |ndependently
H or t-butyl Cp is a cyclopentadlenyl or indenyl group, any substituent on Cp1 is H or a

hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms; and

6
4 4-X
E M\X7
16
s C’{
formula (D) is ; Wherein:
M* is Zr or Hf;
10 X® and X are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH4; OBR; or

SOsR, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;
E* is a bridging group selected from:
15 a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

ARARPA wherein E* is C or Si,

a bridging group having the formula >E
and R'** and R"* are independently H or a hydrocarbyl group having
up to 18 carbon atoms,

a bridging group having the formula —CR'?’R'*®*—CR'*“R"**—, wherein

20 R!?®, R"*B, R'?¢| and R"*C are independently H or a hydrocarbyl group
having up to 10 carbon atoms, or

a bridging group having the formula —SiR'?’R*P—SiR'**R"*E—, wherein
R'?®, R"*P, R'%E and R'*F are independently H or a hydrocarbyl group
having up to 10 carbon atoms; and

25 R"Y, R" R, and R" are independently H or a hydrocarbyl group having up to 18

carbon atoms; and

wherein catalyst component II comprises:



13. The process of claim1, wherein the catal yst conposition conprises an
activator-support; an organoal um num conpound; only one conpound havi ng
formul a (VWP 20t/de49mul a 20 (D); and only one conpound selPETIUSA0 1000182
MET-11-A, MET-11-B, MET-11-C, MET-11-43 MET-11-E, MET-I1-F, MET-11-G
MET-11-H, or a conmpound having forrmula (E). 14. The process of claim1,
wherein the proce is conducted in a batch reactor, slurry reactor
solution reactor, high pressure reactor, tubular
25r eact or i nation 3 The process of
¢ he ol efi n nonone s ethylene, and t ol efin conmononer
conprises propyl egeCl1- but ene, 2-but 1§G! 3-net hyl -1 - but epe¢! i sobutyl ene, 1-
pent ene, 2-pent @-net hyl -1 -pept £NEGH 4- nethyl-l- ene, 1-hexene,
2- hexeney 3<et 1- 30 hexen 1- tene, 2-h eptene, 1-octene,
1- decene, styrene, or ‘a nlxture t hereof . 16 An olefin pol ymer produced by
t he process o aim 1. WO 2011/ 002497PCT/ US2010/ 001842 89 17. An article
conpri si ng “'Siffln pol y f claiml1l6. . An ol n pol ynmeri zati on
process, the pyogess conprls : contactin cataly conposition with an
ol efin nDnonerzhﬁp optional | ncol ef i-ciS. _conononmer undeg pol yneri zati on
conditio produce an ol e |ﬁ‘@pt Ferg rein the Eb@iyst conposition
conpri se | yst conponenggg, catal yst c nent an
activator-Support, and an o noal um num ¢ ound, wherei n an anount
of the ol efin polymer produced e by the process is at |east 10%
greater than an anount of an {in polynmer obtained per hour under the
same 10 pol ynerization co ) jct hout cat al yst conponent 11
wherein a nolar ratio of catyystTiconponent Ito catalyst conponent |l in
t he cat al§lsj. .Conposition i \flge from about 8:1 to about 15:1;
wher ei n PE$t COonMpoRen < a netall ocene conpound haV|ng t he

Q

formul a: A, Wh;er ern: ; 'a compound having the formula

Cp?

/ N\ e

5 X

E M5
N\ 5/ ~x°
Cp (E); or any combination thereof, wherein:
5 M? is Zr or HE:

X® and X’ are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHs; OBR; or
SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;
10 Cp’ and Cp’ are independently a cyclopentadienyl or indenyl, any substituent on Cp®
and Cp’ is independently H or a hydrocarbyl group having up to 18 carbon atoms; and
E® is a bridging group having the formula —(CH,),—, wherein n is an integer from 2

to 8, inclusive.

15 2. The process of claim 1, wherein the amount of the olefin polymer produced per hour
by the process is from about 10% to about 40% greater than the amount of the olefin polymer

obtained per hour under the same polymerization conditions without catalyst component II.



XI and X2 are independently F, d, Br, |, benzyl, phenyl, or nethyl;

Rl and R2 are independently H or an al kyl, al kenyl, or aryl group having up
to 12 carworoatom; R3 and R4 are i ndepenudrstéig/obisear an

al kyl group having up to 12 carbon 20g ons; and R5 is Hor an al kyl
or al kenyl group having up to 12 carbon atons; wherein catal yst conponent
Il conprises: WD 2011/002497PCT/US2010/001842 90 "ci TVs;Zrr, C""cl

cs-)/ wherei n the activator-support conprises fluorided al um na,
chl ori ded al Ui Rpcessobpiped, vehateitna, sul fated al umina, fluorided

si l'i ca-al um payeight QEia@E hoiddulatr AL iMGY of iR QBEA $P1yRiler IfanRbd BY NHe
sulfated silica-alumna, fluorided silica-zirconia, chlorided

si | i cazinresss 14, at frastr Qe gregtaritean ¥ weigbhieerags ndlequdar waight (Mw)i efcamolafin

fluorgd d L1 G R ol ' | iSiibl Car B ) :

sili csa- ?%éyt%]ééé og hntrchh%‘g?érgﬁ%giﬁhﬁ’ggﬁg?ﬁ%g?%at eéQgF@lr#é\gg %ct)rcggh{)/@etgggbi nation
t her eof ;orand wherein the organoal um num conpound conpri ses

trimethylal um ] i ' | - ' o
R
t ri - n- ochan aMinifrpomlefui padybert ghtaihedmindenthiasaime gelymdrizdtion| cahditomsuwitietuhoxi de,

di et hyl z&laafrisp&;g %Qén?'if- gp, or any conbination thereof. 19. The process of
cl aim 18, Wher el ’

10 a high load melt index (HLMI) of the olefin polymer produced by the process is at
least 10% less than a HLMI of an olefin polymer obtained under the same polymerization
conditions without catalyst component II; or

any combination thereof.

15 4. The process of claim 1, wherein:
a melt index of the olefin polymer produced by the process is in a range from about
0.1 to about 5 g/10 min; or
a density of the olefin polymer produced by the process is in a range from about 0.89
to about 0.94 g/cm’; or
20 both.

5. The process of claim 1, wherein a molar ratio of catalyst component I to catalyst

component II in the catalyst composition is in a range from about 6:1 to about 75:1.

25 6. The process of claim 1, wherein the polymerization process is conducted in the
presence of hydrogen at a weight ratio of hydrogen to the olefin monomer in a range from

about 10 ppm to about 200 ppm.

7. The process of claim 1, wherein the activator-support comprises a solid oxide treated

30  with an electron-withdrawing anion, wherein:
the solid oxide comprises silica, alumina, silica-alumina, silica-coated alumina,
aluminum phosphate, aluminophosphate, heteropolytungstate, titania, zirconia, magnesia,

boria, zinc oxide, a mixed oxide thereof, or any mixture thereof; and



15Xl and X2 are independently C, benzyl, phenyl, or nethyl; Rl and
R2 are independently nethyl, ethyl, propyl, butyl, ethenyl, propenyl,

but enyl , wenbawmpb497hexenyl , benzyl, or phenyl; R3 and Recarisemadesendent|y
H or t-butyl; and R5 ig7H nethyl, ethyl, propyl, butyl,

et henyl, propenyl, butenyl, pentenyl, or 20hexenyl. 20. An olefin

pol ymeri zati @i RILEESHithdAKidY ARRESC Ed Sufile, GRAIAE! ifBride, C gt
conposition with an ol efin nonomer and optionally an ol efin cononomer under

LN, r )
pol yner | Fafidsn iodifisaiflupensulfate, Presabrraie.aphasphats, nlypserhesphate, e flugrpaceiste, 25

cat al yst Qe RvkdireShate ARbofGRate AHBLpHd tufR RO bmbfifakiél efeof OMPONENT |1,
and an activator. WO 3 abioBBRaE PO b QURD By comt wherein an

anount of the ol efin polyner produced per hour by the process is at |east
10% gy ead er i@ QRsASPYRM Pf wikleiR! R aaivw.wpgsn%%ﬁ%%&%@g&&imder the
same pol ynerization conditions w thout catalyst conponent |1; erern
cat al ystchicsidpdaliming, brasmided sluming sulasedhejuminah Byeridgd fsdicalumiog) chlaridednpound
Naving i cdihiinibk) brofiacB H1iGARNRA! sAfudd SiERhumWAC HfiloRded sitibzblbhiat4 1 /
chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-
titania, fluorided silica-coated alumina, sulfated silica-coated alumina, phosphated silica-

10 coated alumina, or any combination thereof.

9. The process of claim 1, wherein the organoaluminum compound comprises
trimethylaluminum,  triethylaluminum,  tri-n-propylaluminum, tri-n-butylaluminum,
triisobutylaluminum,  tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum

15  hydride, diethylaluminum ethoxide, diethylaluminum chloride, or any combination thereof.

10.  The process of claim 1, wherein the catalyst composition further comprises an
aluminoxane compound, an organoboron or organoborate compound, an ionizing ionic

compound, or any combination thereof.

20
11.  The process of claim 1, wherein catalyst component I comprises a compound having
formula (C), and wherein:
X* and X° are independently F, Cl, Br, I, benzyl, phenyl, or methyl,
E? is a bridging group selected from:
25 a cyclopentyl or cyclohexyl group,

a bridging group having the formula >E**R7*R®*, wherein E** is C or Si, and
R™ and R* are independently H, methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl, nonenyl, decenyl, phenyl, tolyl, or benzyl,

30 a bridging group having the formula —CR’R®®—CR’“R¥—, wherein R’®,

R®, R, and R are independently H or methyl, or

a bridging group having the formula —SiR’’R®’—SiR"R®_—, wherein R,
R®P, R”E, and R® are independently H or methyl; and



Cl formula (C) isp; wherein: M3 is Zr or Hf; 10X4 and X5 are independently
F, d; Br; |I; methyl; benzyl; phenyl; H BH4; OBR2 or SOBR, wherein Ris an
al kyl or woybiigoesp having up to 18 carbon atons; or a rgaruse@olyisexi de
group, a hydrocarbyl am no group, or aghydrocarbylsilyl group, any of which
having up to 18 carbon atons; E3 is a bridging group selected from 15a
cyclic or hetrerang R dr€indéped@énily WbLutylavi ng up to 18 carbon atons, a
bridgi ng group having the fornula >EBAR7AR8A, wherein ESAis Cor Si, and
R7A an 8A d R are independently H or a hydrocarbyl group having up to
18 car bopp. at of® process of&1ddhl 1 gohe&irgengst ReMpaiEnt NeorkHsBVA BormfbdRnBRavin

sti_cl ecRsc .. Wherein R7B, 20RS8B, c, and R8c are independently %—| or a
hydr ocarfeynulg ). pndwshereiy: up to 10 carbon atons, or a bridging group having
the formla -8B BR31 fddpEideRfly F, €1, WRal Gin2y1RfilnyR80neRyE, and RBE are

i ndependently H or a hydrocarbyl group having up to 10 carbon atons; 25R9
and R are i dddpebritizing growp sslectedfipaocar byl group having up to 18 carbon

atons; and G PRRRY 16 134Nyl or indenyl group, any
substituent on Cp Ici,ci sp%ﬁ%log %J"E’)?‘g’%?gﬂr“gw or hydrocarbyl silyl group having
1S b BB’% Sl e .
up to 18 carbon aedmdgingremoupi@virglthe Gormudy PE RUSRGTOmMbere4B ™ g C or Si,

and R"?* and R"™* are independently H, methyl, ethyl, propyl, butyl,

10 pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl,
pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, phenyl, tolyl,
a bridging group having the formula —CR"PRPB_CR'R*__ wherein
R R"B R'C and R"*Care independently H or methyl, or
a bridging group having the formula —SiR"?PR3P_GiR!?ER!*E__ wherein
15 R'?P, R"P R'?E, and R'*F are independently H or methyl; and
R R" R' and R" are independently H or t-butyl.

13.  The process of claim 1, wherein the catalyst composition comprises an activator-
support; an organoaluminum compound; only one compound having formula (C) or formula

20 (D); and only one compound selected from MET-II-A, MET-II-B, MET-II-C, MET-II-D,
MET-II-E, MET-II-F, MET-II-G, MET-II-H, or a compound having formula (E).

14.  The process of claim 1, wherein the process is conducted in a batch reactor, slurry
reactor, gas-phase reactor, solution reactor, high pressure reactor, tubular reactor, autoclave

25  reactor, or a combination thereof.

15.  The process of claim 1, wherein the olefin monomer is ethylene, and the olefin
comonomer comprises propylene, 1-butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-
pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-hexene, 3-ethyl-1-

30 hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-decene, styrene, or a mixture thereof.

16.  An olefin polymer produced by the process of claim 1.



4110 410t formula (D) is; wherein: MAd is Zr or Hf; X6 and X7 are

i ndependently F, d; Br; I; nethyl; benzyl; phenyl; H BH4; OBR2 or SOBR,
wher ei n Rvoo0amoad9Ryl or aryl group having up to 18 car lpom/ust@o®piser a 5
hydr ocar byl oxi de group, a hydrocarbyl ggri no group, or a hydrocarbyl silyl
group, any of which having up to 18 carbon atons; E4 is a bridging group
sel ect edif r omAn Bti€lY brhpristig M bRERA pYKinef ofXdiMdisNg group having up to 18
carbon atons, a bridging group having the fornmula >E4ARI 2ARI 3A, wherei n E4A
is Cor Si, 10and R12A and R13A are independently H or a hydrocarbyl group
havi ng UR.t0A&Bol%ﬂﬁﬁn%ﬂ%mpl%c&rs,'tﬂ%u@gesgf:&h'ﬂislﬂ%\/' ng the formla

- CR12BR13B- CR12CR13C_, wherein Rus, R 3B, Ruc, and R13c are independently H
or a hydr ocarcByRetiecpAtH st cempagition with anglefanmanemer, androptignallyr ardelefiyy gr oup

havi ng theohembulad 'Wﬁd&é&ﬁ“ E%(gl(gﬁ s an 1€ e By  thEL2E,
and R13E aroe I ndepgﬁ?g tly Hor a ?{gﬁr ocar yIce a?oup rﬁggllyﬁge ’uph‘li?gpl%gcar bon
at ons; asathlyst compositionRriamprivasseatabiss companert 7, eatalyst sompenaab bk lap aetivatora

hydr ocar r i rbon at ons; 20wherein catal yst
corrponengta}g#cfrggg&r;%}l ée{'iso?lﬂ‘é’w-’?‘f’{’-‘Q‘-"?’&“—q‘?’(eli 1CR ,C.,C,C Zr:"zr"zr* C

f )(Cl , z'"OvhereiOan amount of the olefin polymer produced per hour by the process is at least
10% greater than an amount of an olefin polymer obtained per hour under the same
10  polymerization conditions without catalyst component II;
wherein a molar ratio of catalyst component I to catalyst component II in the catalyst
composition is in a range from about 8:1 to about 15:1;

wherein catalyst component I comprises a metallocene compound having the formula:

(A), wherein:
15 M is Zr or Hf}
X! and X2 are independently F, Cl, Br, I, benzyl, phenyl, or methyl;
R' and R? are independently H or an alkyl, alkenyl, or aryl group having up to
12 carbon atoms;
R’ and R* are independently H or an alkyl group having up to 12 carbon
20 atoms; and
R’ is H or an alkyl or alkenyl group having up to 12 carbon atoms;
wherein catalyst component II comprises:
X
M@ /\/\Q/
N o

Zry Zr:C' Zr:C'

/\/\@Cl; @/Cl. /\/\@7/(:',

b >
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wherein the activator-support comprises fluorided alumina, chlorided alumina,

; ; or a combination thereof;
bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-alumina,
bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia, chlorided silica-
zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-titania, fluorided
silica-coated alumina, sulfated silica-coated alumina, phosphated silica-coated alumina, or
any combination thereof; and

wherein the organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-
hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride, diethylaluminum

ethoxide, diethylaluminum chloride, or any combination thereof.

19.  The process of claim 18, wherein:
X' and X are independently Cl, benzyl, phenyl, or methyl;
R' and R? are independently methyl, ethyl, propyl, butyl, ethenyl, propenyl,
butenyl, pentenyl, hexenyl, benzyl, or phenyl;
R? and R* are independently H or t-butyl; and
R’ is H, methyl, ethyl, propyl, butyl, ethenyl, propenyl, butenyl, pentenyl, or
hexenyl.

20.  An olefin polymerization process, the process comprising:
contacting a catalyst composition with an olefin monomer and optionally an olefin
comonomer under polymerization conditions to produce an olefin polymer, wherein the

catalyst composition comprises catalyst component I, catalyst component II, and an activator,



Mb is Zr or Hf; 5X8 and X9 are independently F;, d; Br; |I; methyl; benzyl;
phenyl; H, BH4; OBR2 or SBR, wherein Ris an alkyl or aryl group having up
to 18 carwonortooe®; or a hydrocar byl oxi de group, a hydr @canisgéianirse2 gr oup,
or a hydrocarbylsilyl group, any of w ch having up to 18 carbon atons; Cp2
and Cp3 are independently a cycl opentadi enyl or indenyl, any substituent on

Cp2 10 and ChRdetetn a&RARNIEHeloYeftd OlyrRer PYSHUESEHR HburdbyOHP pRR¥dsNY atiBast O 18
carbon atons;, and E5 is a bridging group having the formula -(CH2)"-,
wher ei n 9% greaterjthane g ranpqugined angolg nimgmpmbéemeélnaer hour under \{he s&ne) t he

act i vat QolyniRAtichdndifloChithoat Sfta154RPRPdnen@R 2l UM noxane conmpound, an
or ganobor on or organoborate conpound, an ionizing ionic conpound, or any

conbi nati on PersdEr eatglyst component I comprises:
5 a compound having formula (C);

a compound having formula (D); or

any combination thereof, wherein:

Qg e

formula (C) is ; wherein:
M3 is Zr or Hf;

10 X* and X° are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy; OBR; or
SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

E? is a bridging group selected from:

15 a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

a bridging group having the formula >E**R7*R®A, wherein E** is C or Si, and
R’* and R®* are independently H or a hydrocarbyl group having up to
18 carbon atoms,

a bridging group having the formula —CR™®R®*—CR'“R®“—, wherein R’®,

20 R® R’, and R5 are independently H or a hydrocarbyl group having

up to 10 carbon atoms, or

a bridging group having the formula —SiR’PR®P_SiR™®R®*—, wherein R,
R® R’E, and R®E are independently H or a hydrocarbyl group having
up to 10 carbon atoms;

25 R’ and R'? are independently H or a hydrocarbyl group having up to 18 carbon atoms;
and

Cp' is a cyclopentadienyl or indenyl group, any substituent on Cp' is H or a
hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms; and
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formula (D) is
M*is Zr or Hf;
X8 and X’ are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHs; OBR; or

; wherein:

SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

E* is a bridging group selected from:

a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

a bridging group having the formula >E**R!*AR!*A, wherein E** is C or Si,
and R and R"** are independently H or a hydrocarbyl group having
up to 18 carbon atoms,

a bridging group having the formula —CR'*’PR"B_—CR'*R"*“— wherein
R'?®, R"® R'*C and R are independently H or a hydrocarby! group
having' up to 10 carbon atoms, or

a bridging group having the formula —SiR'?’R"*°—SiR'**R"*E— wherein
R R"P, R'E and R"*Eare independently H or a hydrocarbyl group
having up to 10 carbon atoms; and

R", R", R'S, and R" are independently H or a hydrocarbyl group having up to 18
carbon atoms;

wherein catalyst component II comprises:

X
ZrQCI ZrQCl ZrQCI

/\/\@m. N\@]CI, /\/\@7/0.

b b b
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; acompound having the formula

Cp (E); or any combination thereof, wherein:

M’ is Zr or Hf;

X? and X° are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHs; OBR; or
SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

Cp® and Cp’ are independently a cyclopentadienyl or indenyl, any substituent on Cp’
and Cp’ is independently H or a hydrocarbyl group having up to 18 carbon atoms; and

E’ is a bridging group having the formula —(CH,),—, wherein n is an integer from 2
to 8, inclusive; and

wherein the activator comprises an activator-support, an aluminoxane compound, an
organoboron or organoborate compound, an ionizing ionic compound, or any combination

thereof.



